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Preface

In the Preface to the First Edition,] wrote about the public’s general ignorance of the field
of public health and my own uncertainty about what public health was when, in 1986, I first
went to work for the newly established School of Public Health, a collaboration between
the University at Albany and the New York State Department of Health. After working
with public health professionals from the Department of Health to design curricula for
the programs at the school, and after teaching an introductory course in public health for
more than ten years in collaboration with many of the same health department faculty,
I feel much more confident about what the term means. After the bioterrorism scare of
2001 and the public health disasters of Hurricane Katrina in 2005 and Hurricane Sandy
in 2012.1 believe that the public has a better sense of the field as well.

This book was written as a text for an introductory course that could be included in
the general education curriculum for college undergraduates. As I wrote in the Preface to
the First Edition, I believe that every citizen of the United States should know something
about public health, just as they should know something about democracy,law, and other
functions of government. Public health issues are inherently interesting and important
to almost everyone. They are featured almost every day on the front pages of newspapers
and in the headlines of television news programs, although often they are not labeled as
public health issues. One of my goals is to help people put these news stories into context
when they occur.

The Fifth Edition of this textbook follows the plan of the first four editions, bringing
it up to date and including new developments in infectious disease, injury control, envi-
ronmental health controversies, the reform of the American healthcare system,and many
other issues.I have illustrated public health principles by presenting stories that have been
in the news; some of these stories have been ongoing sagas that have been supplemented
with each edition. The Second and Third Editions focused on political interference with
science, but as discussed in the Fourth Edition, the Obama administration vowed to restore
honest science as a basis of policy decisions. Issues new to the Fifth Edition include the
arrival of Ebola in the United States, involving the death of an African visitor and the
involuntary quarantine of an uninfected healthcare worker returning from work in an
affected country; the introduction of electronic cigarettes and questions of how they
should be regulated; the importance of eating disorders as a major mental health issue;
and the lawsuit by retired professional athletes against the National Football League for
not disclosing risks of traumatic brain injury. Other issues discussed more extensively
here are population growth and climate change as contributors to wars and migrations
in the Middle East and the implementation of President Obama’s healthcare reform law,
the Patient Protection and Affordable Care Act.
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Preface

I have tried to make this book easily comprehensible to the general reader. One of the
things that makes public health fascinating to me is the fact that it is often controversial,
depending on political decisions as well as scientific evidence. The politics are frustrating
to many practitioners, but it is often the politics that put public health in the headlines.
I hope that by describing both the science and the politics, I will contribute to making
public health as fascinating to the readers as it is to me.

Mary-Jane Schneider



Prologue

Public Health in the News

What is public health? It is an abstract concept, hard to pin down. Reports about public
health appear in the news every day, but they are not labeled as public health stories, and
most people do not recognize them as such. Here in the prologue are four major public
health stories of the modern era that bring the abstraction to life. The ongoing AIDS epi-
demic, arguably the greatest challenge that the public health community has faced in the
past 50 years, illustrates the multidisciplinary nature of the field and the complex ethical
and political issues that are often an inherent component of public health. The outbreak
of waterborne disease that sickened more than 400,000 people in Milwaukee, Wisconsin
in 1993 was the consequence of a breakdown in a routine public health measure that
has protected the populations of developed countries for most of the past century. Lest
Americans forget that maintaining the health of the population requires constant vigilance,
the dramatic decline in all measures of health in Russia presents a cautionary lesson of
what can happen to a society that is unable to protect its people in one regard or another.
Finally, the terrorist attacks in the fall of 2001 made it clear that the national security of
the United States depends not only on the U.S. Department of Defense, but also on the
American public health system.

AIDS Epidemic

On July 3,1981, The New York Times ran a story with the headline: “Rare Cancer Seen in
41 Homosexuals.” The cancer was Kaposi’s sarcoma, a form of skin cancer, rare in the
United States but more common in equatorial Africa. The victims were young gay men
living in New York City or San Francisco, and 8 of the 41 had died within 24 months of
being diagnosed. The report noted that several of the victims had been found to have
severe defects in their immune systems, but it was not known whether the immune
defects were the underlying problem or had developed later. Most of the victims had
had multiple and frequent sexual encounters with different partners, the article said,
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but there was no evidence that the disease was contagious, since none of the patients
knew each other.

On August 29, there was another story: “2 Fatal Diseases Focus of Inquiry.” A rare
kind of pneumonia called pneumocystis had been striking gay men with a 60 percent
fatality rate. According to The New York Times, 53 cases of pneumocystis had been diag-
nosed. Also, the number of cases of Kaposi’s sarcoma had grown to 47, and 7 patients
had both diseases. No one knew why gay men were affected, but there was speculation
that there might be a link to their sexual lifestyle, drug use, or some other environmental
cause. The article noted without comment that one woman had also been reported to
have pneumocystis pneumonia. A scientific task force had been formed at the Centers
for Disease Control and Prevention (CDC) to investigate what was going on. There was
no further news in The New York Times about what would become known as AIDS until
May 1982.° In that article, the underlying commonality of the immune defect was recog-
nized, and the condition was called gay-related immune deficiency syndrome (GRID).
While immune deficiencies had been known and studied previously, most were genetic
conditions that afflicted children from birth or were caused by immunosuppressive drugs
used to prevent rejection of transplanted organs. The total suppression of the immune
system by whatever means leads to many infections, one of which eventually kills the
victim. Speculation as to the cause of GRID generally focused on a sexually transmitted
infectious agent, although there was a suspicion that multiple factors might be involved,
perhaps including drugs or an immune response to the introduction of sperm into the
blood through sexual contact.

As the number of reported cases grew, CDC scientists interviewed people with GRID,
questioning them about their sexual behavior and partners. The sexual activities of gay
men became the focus of scientists and the news media alike—reports of promiscuous and
anonymous sex in public baths and use of drugs to enhance sexual pleasure emerged—
which tended to worsen many people’s already negative view of gay men. Linkages were
found that began to confirm that a sexually transmitted infectious agent was responsible.
But the investigations were hampered by lack of funding. President Ronald Reagan had
been inaugurated in January 1981 on a conservative platform. His administration was
not interested in a disease that affected people who behaved in ways so unappealing to
the general population. Nor was there much concern on the part of the general public.
Most people felt no threat to themselves, although people who lived in New York, San
Francisco, Los Angeles, and Miami, where most of the cases had been reported, might
have felt more cause for concern.

Since early in the epidemic, however, there had been occasional reports of the immune
deficiency in women and heterosexual men, many of them intravenous drug users. By
the summer of 1982, cases of the syndrome had also been reported in people with hemo-
philia who were exposed to blood products used to make a clotting factor and in patients
who had received blood transfusions. A study of female sexual partners of men with the
syndrome suggested that the disease may also be transmitted by heterosexual relations. A
number of babies turned up with a syndrome that resembled GRID, possibly transmitted
from their mothers before or at birth. It was clear that the condition was not limited to
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gay men, and its name was changed to acquired immune deficiency syndrome (AIDS).
The public began to take notice.

By mid-1983, the public began to panic. A report by a pediatrician in New Jersey
suggested that AIDS had spread within a family by routine household contact. That scared
alot of people: AIDS was a fatal disease, and people did not want to take any chances of
catching it. Inmates in a New York State prison refused to eat meals in a mess hall used
by a fellow inmate who had died of AIDS. A New York City sanitation worker with no
known risk factors contracted AIDS, perhaps from a syringe protruding from a trash
bag. In San Francisco, with its large gay population, the police officers demanded special
masks and gloves for handling people suspected of being infected with AIDS. Blood
banks reported that blood supplies were critically low because people wrongly feared
that they could contract AIDS through donating blood. In New York City, tenants of a
cooperative apartment building tried to evict a doctor known for treating people with
AIDS. In a few well-publicized incidents, schools refused to allow children with AIDS—
usually hemophiliacs—into the classroom. A special telephone information number on
AIDS, set up by the federal government, was swamped with 8000 to 10,000 calls per
day. Fundamentalist preachers and conservative legislators fulminated that AIDS was
God’s punishment for abominable behavior and that people with AIDS deserved their
fate. Meanwhile, although controversy still restricted federal funding for AIDS research,
biomedical scientists were competing to identify the infectious agent, which most scien-
tists believed would turn out to be a virus. Despite the ill repute of many AIDS patients,
the disease was of great scientific interest, and the growing public concern promised to
reward with acclaim and financial benefits the scientist who isolated the virus. On April
23,1984, the U.S. Secretary of Health and Human Services convened a press conference
to announce that Dr. Robert Gallo of the National Cancer Institute had discovered the
virus—now known as the human immunodeficiency virus (HIV)—and that a vaccine
would be available within five years.* While both of those statements proved to be less
than accurate—Gallo’s priority was disputed and eventually disproved, and after more
than 30 years an effective vaccine has still not been developed—the discovery did promise
to allow testing of blood for exposure to the virus. Just a year later, blood banks in the
United States began screening donated blood, greatly reducing the risk to transfusion
recipients and people with hemophilia.

Now, more than three decades after the first reports on AIDS were publicized, most
of the hysteria has faded, while many of the direst predictions have been realized. By
the end of 2012, almost 1.2 million people in the United States had been diagnosed with
AIDS, and 658,504 had died.” An estimated 1.2 million Americans aged 13 and over are
living with HIV. The proportion of women diagnosed with HIV infection increased
steadily over the first two decades and has stabilized at about 20 percent. A great deal
more is known about the disease. New drugs have “miraculously” restored health to some
dying patients and offer hope that HIV is becoming a chronic, manageable condition
rather than a progressively fatal disease. However, there is still no cure, and long-term
prospects for HIV-infected individuals are uncertain at best. The only prevention is the
avoidance of risky behaviors. The question of how the government should respond to the

XVii
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AIDS epidemic raised some of the most difficult ethical and political issues imaginable
in public health. Every new scientific discovery stimulated new dilemmas. Most of
the controversies pitted two opposing principles against each other: the protection of
the privacy and freedom of the individual suspected of being ill, and the protection
of the health of potential victims at risk of being exposed. This conflict is common
to many public health problems. Historically, the protection of the public has taken
precedence over the rights of the individual. Thus, the principle of quarantining patients
with dangerous infectious diseases such as plague, smallpox, or tuberculosis has been
generally accepted and upheld by the courts. However, in the case of AIDS, the issues
were more complicated.

Because people with AIDS belonged to stigmatized groups who may have been
exposed to the virus because of illegal behavior (intravenous drug use or homosexual
acts that were still illegal in many states), they bitterly opposed being publicly identified.
Gay men, who had only recently achieved a degree of liberation from public oppression,
were very well organized politically; they effectively opposed some measures that would
have normally been considered standard public health practice, such as reporting the
names of diagnosed patients to the health department. They had well-founded fears of
being discriminated against for jobs, housing, access to health insurance,and so on. Major
political battles erupted over issues such as whether gay bathhouses should be closed and
whether AIDS should be declared a communicable disease, which would legally require
names of patients to be reported to the local health department. As HIV infection has
become more controllable, much of the controversy has subsided.

AIDS is particularly difficult for government to deal with because the only effec-
tive way to prevent its spread is to change people’s behavior. There are precedents for
governmental efforts at promoting behavior change—campaigns to promote smoking
cessation, use of bicycle helmets, and healthy diet and exercise—but their success has
been modest. Generally, the weight of a law adds significantly to the government’s
success in promoting healthy behavior, as in the case of seat-belt laws and laws against
drunk driving. However, behavior that spreads HIV is very difficult to control by law;
intravenous drug use is already illegal everywhere in the United States, and homosexual
acts were also illegal in many states until the U.S. Supreme Court declared these laws
unconstitutional in 2003. From the beginning, public health officials recognized that
AIDS could be prevented only by persuading people to reduce their risk by limiting
their exposure, which requires convincing them to control powerful biological and
social urges.

Beginning with the earliest attempts at AIDS education, conflict arose between the
attempt to communicate effectively with people most likely to be at risk and the likeli-
hood of offending the general public by seeming to condone obscene or illegal acts. Con-
servatives argued—and still argue—that the only appropriate AIDS education message
is abstinence from sex and drugs. C. Everett Koop, President Reagan’s Surgeon General,
was originally known for his right-to-life views. Later he became an unexpected hero
to public health advocates by taking a strong stand in favor of frank AIDS education.
While stressing the importance of mutually faithful monogamous sexual relationships
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and avoiding injected drugs, he nevertheless advocated education about the advantages
of condoms and clean needles, and he urged schools to teach children about safe sex. In
response, Senator Jesse Helms, a powerful conservative from North Carolina, denounced
safe sex materials aimed at gay men as “promotion of sodomy” by the government and
sponsored an amendment banning the use of federal funds “to provide AIDS education,
information, or prevention materials and activities that promote or encourage, directly
or indirectly, homosexual activities.”*®?®) Today, television advertising of condoms, the
most effective barrier to HIV transmission, while not as restricted as it was three decades
ago, is still controversial.” Despite the abundance of sexually explicit programming and
widespread advertising of Viagra and similar drugs, stations still fear the ire of political
conservatives and moralists.

Drug regimens introduced in the mid-1990s that are capable of controlling the dam-
age the virus wreaks on the immune system stimulated new medical, ethical,and economic
challenges. The drugs have side effects that may prove fatal for some patients and have
long-term adverse effects in others. Complicated regimens for taking many pills per day
have been simplified, but new problems of viral strains resistant to the drugs have arisen.
These strains may be transmitted to others. Moreover, the drugs are expensive, costing an
average of $15,475 for a year’s supply,® well beyond the budget of most patients, although
government programs pay for the treatment of many patients. The federal government
spent $16.6 billion on HIV-related medical care in the United States in 2014.°

The history of the AIDS epidemic vividly illustrates that public health involves both
science and politics. It took the science of epidemiology, the study of disease in human
populations, to determine the basic nature of the disease and how it is transmitted. The
biomedical sciences, especially virology and immunology, were crucial in identifying
the infectious agent, determining how it causes its dire effects on the human organism,
developing methods to identify virus-infected blood, and devising drugs that can hold
the virus at bay. Biostatisticians help to design the trials that test the effectiveness of new
drugs and, eventually it is hoped, vaccines—believed to be the greatest hope for control-
ling the virus. In the meantime, behavioral scientists must find ways to convince people
to avoid actions that spread the virus.

The politics of the AIDS epidemic shows the tension between individual freedom
and the health of the community. There is a strong tradition of the use of police powers to
protect the health of the public in all civilized societies. In the United States, there is also
a strong tradition of individual liberty and civil rights. Politics determines the path the
government will take in balancing these traditions. Public health is not based on scientific
facts alone. It depends on politics to choose the values and ethics that determine how sci-
ence will be applied to preserve people’s health while protecting their fundamental rights.

Cryptosporidium in Milwaukee Water

In early April 1993, an outbreak of “intestinal flu” struck Milwaukee, causing widespread
absenteeism among hospital employees, students, and schoolteachers. The symptoms
included watery diarrhea that lasted for several days. The Milwaukee Department of
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Health, concerned, contacted the Wisconsin State Health Department and an investiga-
tion began.'

Stool samples from the most severely ill patients had been sent to clinical laboratories
for testing, and these tests yielded the first clues to the cause of the illness. Two laborato-
ries reported to the city health department that they had identified Cryptosporidium in
samples from seven adults. This organism was not one that most laboratories routinely
tested for, but starting April 7, all 14 clinical laboratories began looking for it in all stool
samples submitted to them—and they began finding it. Ultimately, 739 stool samples tested
between March 1 and May 30 were found positive for Cryptosporidium.

Cryptosporidium is an intestinal parasite that is most commonly spread through con-
taminated water. In people who are basically healthy, the severe symptoms last a week or
so.In addition to the watery diarrhea, the symptoms include varying degrees of cramps,
nausea, vomiting, and fever. The infection can be fatal in people with a compromised
immune system, such as AIDS patients or people taking immunosuppressive drugs for
organ transplants or cancer treatment.

In Milwaukee, public health officials immediately suspected the municipal water
supply, which comes from Lake Michigan. They inspected records from the two water
treatment plants that supplied the city, and suspicion immediately fell on the southern
plant. The inspectors noted that the water’s turbidity, or cloudiness, which was monitored
once every 8 hours, had increased enormously beginning on March 21, an ominous
sign. On April 7, city officials issued a warning, advising customers of the Milwaukee
Water Works to boil their water before drinking it. On April 9, they temporarily closed
the plant. Looking for evidence that the water was indeed contaminated with Cryp-
tosporidium, they discovered that a southern Milwaukee company had produced and
stored blocks of ice on March 25 and April 9. Testing confirmed that the organism was
present in the ice.

Meanwhile, public health investigators were trying to determine how many people
had been made sick by the contaminated water. Reasoning that only the most severely
affected patients would go to a doctor and have their stools tested, they began a telephone
survey of Milwaukee residents. On April 9,10,and 12, they called randomly selected phone
numbers and asked the first adult who answered whether anyone in the household had
been sick since March 1. Of 482 respondents, 42 percent reported having had watery diar-
rhea, which was considered to be the defining symptom of the illness. In a more extensive
telephone survey conducted on 1663 people in the greater Milwaukee area between April
28 and May 2, 30 percent of the respondents reported having had diarrhea. Half of the
respondents whose water came from the southern plant reported the symptoms, while
only 15 percent of those whose homes did not get water from the Milwaukee Water Works
had been ill. These individuals had probably been exposed at work or from visiting the
affected region.'

The investigators, who reported the results of their study in the New England Journal
of Medicine, estimated that at least 403,000 people were made ill by the Cryptosporidium
contamination of the Milwaukee water supply.'® The number of deaths has been estimated
to be 54; 85 percent of them were AIDS patients, whose compromised immune systems
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made them especially vulnerable." In discussing how the contamination had occurred,
the investigators speculated that unusually large amounts of the organism may have come
from cattle farms, slaughterhouses, or human sewage swept into Lake Michigan by heavy
spring rains and snow runoff. Flaws in the water treatment process of the southern plant
led to inadequate removal of the parasites. After the problem was diagnosed, the southern
water treatment plant was thoroughly cleaned, and a continuous turbidity monitor was
installed that automatically sounds an alarm and shuts down the system if the turbidity
rises above a certain level.

Cryptosporidium contamination is probably much more common than is recognized.
It is difficult to control because the organisms are widespread in the environment and
they are resistant to chlorination and other commonly used water disinfection methods.
Cryptosporidium was first recognized as a waterborne pathogen during an outbreak in
Texas in 1984 that sickened more than 2000 people.'> There may be many other pathogens
that could surprise us with waterborne outbreaks; according to a report by the Institute
of Medicine, only 1 percent of the organisms associated with disease that might be found
in water have been identified.”

The United States has one of the safest public water supplies in the world. Nonetheless,
according to the CDC, an estimated 4 million to 33 million cases of gastrointestinal illness
associated with public drinking water systems occur annually.!* Many communities are
still using water treatment technology dating to World War I, while population growth,
modern agricultural technology, toxic industrial wastes, and shifts in weather patterns due
to climate change are challenging the aging infrastructure. Updating the infrastructure
is expensive; but waterborne disease outbreaks are also expensive. An analysis of the cost
of the Milwaukee outbreak in medical and productivity costs done by scientists from
the CDC, the City of Milwaukee Department of Health, the Wisconsin State Division of
Public Health,and Emory University yielded an estimate of $96.2 million."”” These authors
estimated that, based on the approximately 7.7 million cases of waterborne disease annu-
ally, waterborne disease outbreaks cost $21.9 billion each year in the United States. They
recommended that the cost of the outbreaks should be considered when costs of maintain-
ing safe water supplies are calculated. Safe drinking water, one of the most fundamental
public health measures, is by no means assured in the United States.

Worst-Case Scenario: Public Health in Russia

The Soviet Union set a high priority on public health soon after the Russian Revolution,
when the population was suffering from the eftects of war, including famine, plague, and
a general lack of sanitation. The communist government ran educational campaigns to
teach people to practice basic hygiene and prevent disease. It promised free medical care
to all; it trained physicians and built hospitals and tuberculosis sanitariums. The incidence
of typhus, typhoid fever,and dysentery were dramatically cut. By the 1930s, Western visi-
tors were impressed with the nation’s progress in raising the health of the population to
near European levels. However, the promise was soon eroded by the abuses of the Soviet
system. Progress was choked off by Stalin’s suppression of science, the policy of secrecy
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that concealed bad news, and the Soviet industrial planning process that pushed for con-
tinuously increased production at all costs.'®

The extent of the public health disaster was not known until the late 1980s when Gor-
bachev began the policy of glasnost, or openness. Westerners—and Russians themselves—
learned that infant mortality rates had been rising since the 1970s but were not published
because they were embarrassing to the government. The extent of environmental degrada-
tion throughout the former Soviet Union, together with increasing rates of cancer, respira-
tory disease, and birth defects, had become obvious. The corruption and incompetence
in the Soviet medical system were also clear: shortages of vaccines, drugs, and medical
supplies; unhygienic practices including the reuse of needles for injections and immuni-
zations; poor training of physicians; and shortages of nurses. Alcoholism was rampant.'®

After the Soviet Union disintegrated in 1991, public health in Russia and other for-
mer Soviet states grew dramatically worse. In Russia, death rates increased and birth
rates declined so that by the mid-1990s, deaths were almost twice as common as births.
Economic and social conditions have improved considerably since then, and the public
health has improved. Still Russia lags far behind the improvements seen in Europe and the
United States. Life expectancy at birth for Russian men, which was 65.4 years in 1962-1963,
fell to 57.3 in 1994 and has recovered only to 64.4 in 2014."7 Life expectancy for women
is longer, at 76.3 years. (In 2014, the life expectancy for American men was 77.0 and 81.9
for American women.)"’

The infant mortality rate fell during the 1990s and 2000s, but still it was 7.1 per 1000
live births in 2014, compared to 6.2 in the United States.'” Abortions were twice as common
as childbirth in the early 1990s; recent government efforts to restrict abortions, together
with the increased availability of birth control, reduced their number; still, the abortion
rate in Russia is double the rate in the United States.'® These factors led to a decline in
the size of the Russian population, which fell by 6 million people after 1992 to about 143
million in 2008, and appears to have stabilized at about that level.”

Although many factors contributed to the alarming statistics of the 1990s, much of
the blame appears to fall on the economic stress and social breakdown that accompanied
the breakup of the former Soviet Union. Middle-aged men were the group most severely
impacted by the changes in the system, and they continue to be disproportionately affected.
They are dying in large numbers from motor vehicle accidents, suicide, homicide, alcohol
poisoning, and cardiovascular disease. In fact, almost 60 percent of deaths in Russia are
caused by cardiovascular disease, and Russians die of cardiovascular disease at ages 10 to
15 years younger than Americans and Western Europeans.'

Unhealthy patterns of alcohol consumption, including binge drinking, and drinking
alcoholic substances not intended for consumption such as perfumes and medicines, con-
tribute to the high death rates, especially among men. These surrogates are cheaper than
vodka and are widely available.?” Other unhealthy behaviors include tobacco smoking—
some 60 percent of Russian men smoke, while the rate is about 22 percent for women.*

Infectious diseases, which had been well controlled during the Soviet era, reappeared
in the 1990s. As recently as 2012, the CDC warned travelers about tickborne encephalitis,
measles, and rabies, but now its website states that “there are no notices currently in effect
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for Russia,” unless the traveler is going to remote areas.”> Tuberculosis has been a major
problem in Russia, with 105,753 cases reported in 2012, compared with 9945 cases in the
United States.” The problem in Russia was fed by poverty and social dislocation in the
1990s and overcrowded conditions in prisons, which spreads the disease to communities
when prisoners are released. Improper use of antibiotics has led to drug resistance in
many of these cases.**

Infection with HIV, the virus that causes AIDS, has been spreading out of control,
contributing to the prevalence of tuberculosis. The United Nations estimates that about
1 million Russians carry the HIV virus, almost as many as in the United States, which has
more than double the population.” Intravenous drug use is responsible for the majority
of infections, although they are expanding in heterosexual populations and are also being
seen more in men who have sex with men.

The Russian medical system is vastly underfunded. Doctors and nurses are poorly
paid and many hospitals are poorly equipped, especially in rural areas. Although health
care is free in principle, many patients must pay under the table for services.” According
to World Health Organization figures for 2011, total expenditures on health in Russia
were $1,354 per person annually, which is more than three times what it spent in 2000;
but this still compares poorly with annual expenditures of $3,364 in the United King-
dom. The United States spends $8,467 per person annually, which is generally regarded
as excessive.” A 2008 World Bank report on recommendations for healthcare reform
in Russia starts with public health strategies that are already widespread in the United
States, strategies that will be discussed later in this book. These are the World Bank’s
recommendations:

1. Control excessive alcohol consumption by targeting supply (e.g., regulation of
production, distribution, prices, access, and advertising) and demand (e.g., infor-
mation, education, and communication campaigns).

2. Control tobacco consumption (e.g., development of policies for smoke-free work-
sites and public places; taxation; legislation for banning tobacco advertising and

promotion, as well as sale to minors).
3. Promote changes in diet and physical activity (e.g., public health policy incen-

tives to promote dietary guidelines for healthier eating; school programs on the
importance of health, nutrition, and physical activity).

4. Improve road safety by promoting the use of seat belts and helmets, enforcing laws
to prevent accidents due to drunk driving, and retrofitting current road infrastruc-
ture with low-cost safety design features (e.g., medians, separation for pedestrians
and cyclists) and systematic maintenance to remediate road hazards.”

The report then goes on to discuss methods for improving the medical care system.
In addition to all of these issues, environmental pollution contributes to the public
health crisis. The Soviet emphasis on industrialization and competitiveness in waging the
Cold War led to a neglect of environmental protection and civilian public works. A 2007
report, The Worlds Worst Polluted Places by the Blacksmith Institute, an international non-
profit organization focused on the health effects of industrial pollution in the developing
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world, found that 10 of the 30 worst places, the “Dirty Thirty;” were in the former Soviet
Union. At the top of the list was Dzerzhinsk, a city of 300,000 that is still a center of Russian
chemical manufacturing and was listed in the 2007 Guinness Book of World Records as the
most chemically polluted city in the world.?® Over recent years, efforts have been made to
clean up the environment in Dzerzhinsk, and the Blacksmith Institute has dropped the
city to fourth on its list of top ten toxic threats.

In cities across the nation, Soviet factories of 1930s vintage still spew black smoke and
toxic chemicals into the air, causing asthma, chronic bronchitis, cardiovascular disease,and
lung cancer. An analysis by the Environmental Defense Fund, published in 2008, concluded
that 10 percent of all deaths in Russian cities could be attributed to air pollution. In the
remainder of Russia the data are not as reliable, but the authors estimated that, overall,
air pollution caused about the same number of deaths as suicide and homicide combined
and double the number from transportation accidents.?”’

According to a 1999 report by the U.S. National Intelligence Council, water pollu-
tion is the most serious environmental concern in Russia. Raw sewage and industrial
wastes pour into rivers used for drinking water and almost three-quarters of the nation’s
surface water is polluted. Less than half of Russia’s population has access to safe drinking
water.”® Rivers used for irrigation have run dry, leaving contaminated dust to blow in the
wind. Soil and water are heavily contaminated by the excessive use of pesticides, many
of them banned in the United States because of their toxicity. The dismal state of Russia’s
waterways was confirmed in 2010 by the environmental group Greenpeace, which sent a
month-long research expedition to determine pollution levels in Russian rivers, finding
that waterways are still heavily contaminated with industrial wastes.*!

The accident at the Chernobyl nuclear power station in 1986 poured quantities of
radioactive material into the atmosphere that contaminated water and soil over 50,000
square miles of the Ukraine, Belarus,and western Russia. A 19-mile zone around the plant
remains uninhabited and uninhabitable. Other less publicized nuclear accidents, as well
as atomic tests and deliberate dumping of nuclear materials, have exposed thousands of
citizens to dangerous levels of radiation. Genetic damage, caused by exposure to radiation
and toxic chemicals, is one hypothesis put forward to explain the dramatic increases in
birth defects and other health problems that are taking their toll on the Russian people.'¢#

There does not seem to be much hope for improvement in the environment in the
foreseeable future. The Russian government tends to focus its efforts more on economic
development than environmental concerns. Even when local authorities wish to take
measures to protect the health of their communities, they tend to be overridden by federal
bureaucracies driven by economic concerns.”” The public health disaster in Russia serves
to remind Americans how lucky they are and how wise they have been—through local,
state, and federal governments—to take measures to protect the environment and their
health. Americans take most public health protections for granted—safe water, clean air,
freedom from exposure to dangerous radiation, sterile medical instruments, the availability
of effective antibiotics to treat infections, and access to immunizations against formerly
common diseases. Most Americans expect to live a long and healthy life. However, the
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benefits of effective public health measures require continued vigilance. The Russian expe-
rience illustrates what can happen if these protections are not maintained.

Public Health and Terrorism

On September 11,2001, the United States was struck by foreign terrorists,and Americans
entered a new phase of civic life. Four passenger airliners were simultaneously hijacked;
three were crashed into buildings filled with people going about their work, and one
crashed in an empty field in Pennsylvania, apparently headed for another target but retaken
by passengers.

The immediate public reaction to these disasters was the activation of emergency
response plans in the regions where the crashes occurred. Police, firefighters, and ambu-
lances rushed to the scenes; hospital emergency rooms were alerted; extra doctors and
nurses were called in. In the New York City area, healthcare facilities in the whole region
readied themselves to receive the expected large numbers of people wounded at the World
Trade Center. Unfortunately, much of this preparation was not utilized because there were
so few injured people who survived.

Although the disaster of September 11 was unprecedented in its magnitude, it
was similar in kind to other emergencies and disasters for which communities plan:
plane and train crashes, factory explosions, earthquakes, hurricanes, and so on. In New
York, public health agencies were concerned not only with coordinating emergency
medical care, but also with ensuring the safety of cleanup workers and area residents.
Problems with polluted water, contaminated air, spoiled food, infestation of vermin,
and so on, had to be dealt with in lower Manhattan just as they must be dealt with
after any natural disaster. The longer-term response to September 11 has focused on
law enforcement and national defense, with the goal of preventing future hostile acts
by terrorists. The federal government has tightened security at airports and borders;
it has attacked or warned foreign countries thought to harbor terrorists; and national
intelligence agencies have increased their surveillance of persons and groups suspected
of being a threat to the United States, to the extent that there are concerns that civil
liberties are being eroded.

In contrast to the dramatic events of September 11, the second terrorist attack
occurring in autumn 2001 became apparent only gradually. On October 2, Robert Stevens,
an editor for a supermarket tabloid, was admitted to a Florida hospital emergency room
suffering from a high fever and disorientation. An infectious disease specialist made a
diagnosis of anthrax, in part because of heightened suspicions of bioterrorism provoked
by the September 11 attacks. The doctor notified the county health department, which
notified the state and the CDC. After further tests, the health agencies announced
on October 4 that a case of inhalational anthrax had been confirmed. An intensive
investigation into the source of exposure began at once. Mr. Stevens died on October 5.7

On that same day, another case was diagnosed in a worker at the same tabloid office
as Robert Stevens. Tests done throughout the building detected a few anthrax spores on
Mr. Stevens’ computer keyboard and more in the mailroom. The building was closed,
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and all employees were offered antibiotics to protect them against the development of
disease.

On October 9, the New York City Department of Health announced that a newsroom
worker at NBC in New York City had developed cutaneous anthrax. She had handled a
suspicious letter containing a powder, later identified as anthrax spores.® Shortly after,a
7-month-old infant, who had visited his mother’s workplace at ABC-TV 2 weeks earlier,
was diagnosed with cutaneous anthrax. The child had developed a severe, intractable
skin lesion that progressed to severe anemia and kidney failure, but anthrax had not been
suspected as a cause of these symptoms. After two weeks in the hospital, the infant was
correctly diagnosed with anthrax, given antibiotics,and he gradually recovered, as did the
NBC worker.* By this time, it was clear that the outbreak was intentionally caused and
that a bioterror attack was under way.

On October 15, a staff member working in Senator Tom Daschle’s office in
Washington, DC opened a letter and noticed a small burst of powder from it. Alert to
the threat of anthrax, the aide notified the police and the Federal Bureau of Investiga-
tion (FBI), and the area was vacated. The letter tested positive for anthrax. Staff and
visitors who were potentially exposed were offered antibiotics, as were workers in the
Capitol’s mail rooms.”’

The bad news continued. At about the same time that workers in the media and in
Congress were being exposed, the disease was breaking out in postal workers in New
Jersey, Maryland, and Virginia, although it took days to weeks to recognize what was hap-
pening. While it was known by mid-October that anthrax spores were being sent through
the mail, they were not believed to escape from sealed envelopes. As it turned out, postal
workers were among the most affected by the outbreak. The Brentwood Mail Processing
and Distribution Center in the District of Columbia was closed on October 21 after four
postal workers were hospitalized with inhalational anthrax; two of these workers died.*

All told, a total of 22 cases of anthrax were diagnosed over a 2-month period, of which
11 were the inhalational form. Five of the latter group died, one of whom was a 94-year-
old woman in Connecticut whose source of exposure was never verified. It was surmised
that a piece of mail received at her home had been cross-contaminated by another piece
of mail at a postal facility.* The CDC estimated that 32,000 potentially exposed people
received prophylactic antibiotic therapy, which may have prevented many more cases.*
Contaminated buildings, including five U.S. Postal Service facilities, had to be closed and
laboriously decontaminated; some of these building could not be reopened for more
than a year.*"*

Investigation of postal service records determined that letters to the media were
mailed in Trenton, New Jersey in mid-September. The letter to Senator Daschle and
one to Senator Patrick Lahey, which was not opened until it was irradiated to kill
the bacteria, were mailed in Trenton on October 9. A number of hoax letters, similar
to the anthrax letters, some containing innocuous white powder, were also mailed
to media and government offices from St. Petersburg, Florida. Since they were sent
before the news broke about the anthrax letters, they were presumably sent by the
same person. The perpetrator of the anthrax mailings was finally identified in 2008
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as a scientist working on drugs and vaccines against anthrax at the U.S. Army Medi-
cal Research Institute of Infectious Diseases. As the FBI began to close in on him
as a suspect, Bruce Ivins committed suicide. Many of his colleagues doubt that he
was responsible, and the case will never be proven in court. The U.S. Department
of Justice released its evidence against him and requested the National Academy of
Sciences to conduct a review of the evidence.” The Academy’s report concluded
that the evidence was consistent with Dr. Ivins’s lab being the source of the anthrax
spores but did not prove it.**

Meanwhile, a congressional inquiry into the FBI’s work, conducted by the Gov-
ernment Accountability Office (GAO), found that the scientific evidence linking the
mailed anthrax spores with samples from Dr. Ivins’s lab was “not as conclusive” as the
FBI had claimed. The GAO report noted several gaps in the FBI investigation. The
New Jersey congressman who requested the GAO investigation has called for the case
to be reopened.®

The anthrax attacks terrorized the population far beyond the actual damage done.
They also disrupted the public health and emergency response systems out of propor-
tion to the actual threat. Any encounter with white powder evoked panic, causing people
to send samples to public health laboratories for testing. At New York State’s Wadsworth
Center in Albany, scientists worked around the clock throughout the fall, testing more
than 900 samples. Some of the unlikely specimens sent for testing were a pair of jeans, a
box of grape tomatoes, a box of Tic Tac® breath freshener, and several packets of cash from
automatic teller machines. The largest amount of cash submitted at one time was $8000,
carefully guarded and picked up by police immediately after the anthrax tests proved to
be negative (L. Sturman, personal communication).

The events that occurred in the autumn of 2001 disturbed Americans’ sense of
security within their borders. The terrorists’ hijacking of four airplanes prompted
major efforts to strengthen homeland security through more rigorous screening of
airline passengers and of international travelers at the borders, precautions that are
now routine and are expected to be maintained. The anthrax attacks called attention
to the fact that the public health system is America’s best protection from bioterrorism.
Increased funding for disease surveillance, public health laboratories, and emergency
response systems has strengthened the ability of the public health system to respond
to bioterrorist attacks as well as to natural disasters and epidemics. These precautions
are just as important as other homeland security measures for Americans to be safe in
their homeland.
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Chapter 1

Public Health: Science, Politics,
and Prevention

KEY TERMS
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Assurance Health outcomes Risk factor
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Community Infectious disease Substance abuse
Disability Interventions Virus
Effectiveness Life expectancy

Epidemiology Policy development

One expectation about living in a civilized society is that the living conditions will be
basically healthy. Unless something unusual happens, like the outbreak of Cryptospo-
ridium in the Milwaukee water supply, people assume that they are basically safe: Their
water is safe to drink; the hamburger they buy at the fast food restaurant is safe to eat;
the aspirin they take for a headache is what the label says it is; and they are not likely to
be hit by a car—or a bullet—if they use reasonable caution in walking down the street.
Even after the attacks in the fall of 2001, which severely disrupted their sense of security,
most Americans regained a sense of trust in the safety of their environment.

In historical terms, this expectation is a relatively recent development. In the mid-
19th century, when record-keeping began in England and Wales, death rates were very
high, especially among children. Of every ten newborn infants, two or three never reached
their first birthday. Five or six died before they were six years old, and only about three
of the ten lived beyond the age of 25.! Tuberculosis was the single largest cause of death
in the mid-19th century. Epidemics of cholera, typhoid, and smallpox swept through
communities, killing people of all ages and making them afraid to leave their homes.
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Injuries—often fatal—to workers in mines and factories were common due to unsafe
equipment, long working hours, poor lighting and ventilation, and child labor.

There are a number of reasons why people’s lives are basically healthier today than they
were 150 years ago: cleaner water, air, and food; safe disposal of sewage; better nutrition;
more knowledge concerning healthy and unhealthy behaviors; and many others. Most
of these factors fall in the domain of public health. In fact, the term “public health” refers to
two different but related concepts. We can say that the public health has improved since
the 19th century, meaning that the general state of people’s health is now much better than
it was. But the measures that people take as a society to bring about and maintain that
improvement are also known as public health.

Although many sectors of the community may be involved in promoting public health,
people most often look to government—at the local, state, or national level—to take the
primary responsibility. Governments provide pure water and efficient sewage disposal.
Governmental regulations ensure the safety of the food supply. They also ensure the quality
of medical services provided through hospitals, nursing homes, and other institutions. Laws
regulating people’s behavior prevent them from injuring each other. Laws requiring immu-
nization of school-aged children prevent the spread of infectious diseases. Governments also
sponsor research and education programs on causes and prevention of disease.

What Is Public Health?

Public health is not easy to define or to comprehend. A telephone survey of registered
voters conducted in 1999 by a charitable foundation found that over half of the 1234
respondents misunderstood the term.? Leaders in the field have themselves struggled to
understand the mission of public health, to explain what it is, why it is important,and what
it should do. Charles-Edward A. Winslow, a theoretician and leader of American public
health during the first half of the 20th century, defined public health in 1920 this way:

The science and the art of preventing disease, prolonging life, and promot-
ing physical health and efficiency through organized community efforts for
the sanitation of the environment, the control of community infections, the
education of the individual in principles of personal hygiene, the organiza-
tion of medical and nursing services for the early diagnosis and preventive
treatment of disease, and the development of the social machinery which will
ensure to every individual in the community a standard of living adequate for
the maintenance of health.>®

Winslow’s definition is still considered valid today.

Over the following decades, public health had many successes, carrying out many of
the tasks described in Winslow’s definition. It was highly effective in reducing the threat
of infectious diseases, thereby increasing the average lifespan of Americans by several
decades. By the 1980s, public health was taken for granted, and most people were unaware
of its activities. But there were signs that the system was not functioning well. Government
expenditures on health were alarmingly high, but most of the spending was directed
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toward medical care. No one was talking about public health. At the same time, new health
problems were appearing: The AIDS epidemic broke out, concern about environmental
pollution was growing, the aging population was demanding increased health services,and
social problems such as teenage pregnancy, violence, and substance abuse were becoming
more common. There was a sense that public health was not prepared to deal with these
problems, in part because people were not thinking of them as public health problems.

A study conducted by the Institute of Medicine and published in 1988 called The Future
of Public Health refocused attention on the importance of public health and did a great
deal to revitalize the field. One of the first tasks the study committee set for itself was to
re-examine the definition of public health, reasoning that for it to be effective, public health
had to be broadly defined.* The committee’s report gives a four-part definition describing
public health’s mission, substance, organizational framework, and core functions.

The Future of Public Health defines the mission of public health as “the fulfillment
of society’s interest in assuring the conditions in which people can be healthy*®4 The
substance of public health is “organized community efforts aimed at the prevention of
disease and the promotion of health”*®*" The organizational framework of public health
encompasses “both activities undertaken within the formal structure of government and
the associated efforts of private and voluntary organizations and individuals”*?4? The
three core functions of public health are these:

1. Assessment
2. Policy development
3. Assurance!®4

These core functions were later translated by another committee into a more concrete set
of activities called The Ten Essential Public Health Services, shown in (Table 1-1).

Public Health Versus Medical Care

One way to better understand public health and its functions is to compare and con-
trast it with medical practice. While medicine is concerned with individual patients,
public health regards the community as its patient, trying to improve the health of the
population. Medicine focuses on healing patients who are ill. Public health focuses on
preventing illness.

In carrying out its core functions, public health—like a doctor with his/her patient—
assesses the health of a population, diagnoses its problems, seeks the causes of those
problems, and devises strategies to cure them. Assessment constitutes the diagnostic func-
tion, in which a public health agency collects, assembles, analyzes, and makes available
information on the health of the population. Policy development, like a doctor’s development
of a treatment plan for a sick patient, involves the use of scientific knowledge to develop
a strategic approach to improving the community’s health. Assurance is equivalent to the
doctor’s actual treatment of the patient. Public health has the responsibility of assuring
that the services needed for the protection of public health in the community are available
and accessible to everyone. These include environmental, educational, and basic medical
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Table 1-1 The Ten Essential Public Health Services

Assessment
1. Monitor health status to identify community health problems
2. Diagnose and investigate health problems and health hazards in the community
Policy Development
3. Inform, educate, and empower people about health issues
4. Mobilize community partnerships to identify and solve health problems
5. Develop policies and plans that support individual and community health efforts
Assurance
6. Enforce laws and regulations that protect health and ensure safety
7. Link people to needed personal health services and assure the provision of health care
when otherwise unavailable
8. Assure a competent public health and personal healthcare workforce
9. Evaluate effectiveness, accessibility, and quality of personal and population-based health
services
Serving All Functions
10. Research for new insights and innovative solutions to health problems

Reproduced from The Future of the Public’s Health in the 21st Century (Washington, DC: National Academy Press,
2002): 99. With permission of the National Academy of Sciences, Courtesy of the National Academies Press.

services. If public health agencies do not provide these services themselves, they must
encourage others to do so or require such actions through regulation.

Public health’s focus on prevention makes it more abstract than medicine, and its
achievements are therefore more difficult to recognize. The doctor who cures a sick person
has achieved a real, recognizable benefit, and the patient is grateful. Public health cannot
point to the people who have been spared illness by its efforts. As Winslow wrote in 1923,
“If we had but the gift of second sight to transmute abstract figures into flesh and blood,
so that as we walk along the street we could say “That man would be dead of typhoid
fever; “That woman would have succumbed to tuberculosis, “That rosy infant would be
in its coffin,—then only should we have a faint conception of the meaning of the silent
victories of public health”®¢

This “silence” accounts in large part for the relative lack of attention paid to public
health by politicians and the general public in comparison with medical care. It is esti-
mated that only about 3 percent of the nation’s total health spending is spent on public
health.®* During the healthcare reform debate of 1993 and 1994, and again in 2008 during
the presidential campaign, virtually all of the discussion focused on paying for medical
care, while very little attention was paid to funding for public health. However, President
Obama’s health reform law, passed in 2010, did include provisions and funding for preven-
tion, wellness, and public health.

Effective public health programs clearly save money on medical costs in addition
to saving lives. Moreover, public health contributes a great deal more to the health of a
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population than medicine does. According to one analysis, the life expectancy of Americans
has increased from 45 to 75 years over the course of the 20th century.” Only 5 of those
30 additional years can be attributed to the work of the medical care system. The majority
of the gain has come from improvements in public health, broadly defined as including
better nutrition, housing, sanitation, and occupational safety. One responsibility of public
health, therefore, as noted in the Institute of Medicine report, is to educate the public
and politicians about “the crucial role that a strong public health capacity must play in
maintaining and improving the health of the public . .. By its very nature, public health
requires support by members of the public—its beneficiaries*?=?

Public health, like medical practice, is based on science. However, even when public
health scientists are certain they know all about the causes of a problem and what should
be done about it, a political decision is generally necessary before action can be taken to
solve it. When a doctor diagnoses a patient’s illness and recommends a treatment, it is up
to the patient to accept or reject the doctor’s recommendation. When the “patient” is a
community or a whole country, it is usually a government—federal, state, or local—that
must make the decision to accept or reject the recommendations of public health experts.
Sometimes the process starts within the community when, like a patient going to a doctor
with a complaint, the people recognize a problem and demand that the government take
action. This has occurred in many communities when victims of drunk drivers form
organizations such as Mothers Against Drunk Driving (MADD) to lobby for stricter laws,
or when neighbors of pollution-generating factories demand that the government force
the industry to clean up the environment.

Politics enters the public health process as part of the policy development function
and especially as part of the assurance function. Since the community will have to pay
for the “treatments,” usually through taxes, they must decide how much “health” they are
willing to fund. They also must decide whether they are willing to accept the possible
limitations on their freedom that may be required in order to improve the community’s
health. Among the assurance functions of public health is the provision of basic medical
services: How this should be done has been a matter of great political controversy. Public
health professionals are often impatient with politics, as the Institute of Medicine report
notes, seeming to “regard politics as a contaminant of an ideally rational decision-making
process rather than as an essential element of democratic governance”?

The Sciences of Public Health

The scientific knowledge on which public health is based spans a broad range of profes-
sional disciplines. The Institute of Medicine report notes that “public health is a coalition
of professions united by their shared mission” as well as by “their focus on disease preven-
tion and health promotion; their prospective approach in contrast to the reactive focus of
therapeutic medicine, and their common science, epidemiology*®4) The disciplines of
public health can be divided somewhat arbitrarily into six areas. Epidemiology and statistics
are the basis for the assessment functions of public health, including the collection and
analysis of information. Both assessment and policy development need an understanding
of the causes of health problems in the community, an understanding that depends on
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biomedical sciences, social and behavioral sciences, and environmental sciences. As part
of the assurance function, public health seeks to understand the medical care system in an
area of study generally referred to as health policy and management or health administra-
tion, which also includes the administration and functioning of the public health system.

Epidemiology has been called the basic science of public health. As its name suggests,
epidemiology is the study of epidemics. It focuses on human populations, usually starting
with an outbreak of disease in a community. Epidemiologists look for common exposures
or other shared characteristics in the people who are sick, seeking the causative factor.

Epidemiology often provides the first indications of the nature of a new disease. When
AIDS was first recognized in the early 1980s, the cause was unknown. Doctors reported cases
of this unusual disease to the U.S. Centers for Disease Control and Prevention, and epidemi-
ologists began looking for common characteristics of the patients. Epidemiologic research
indicated that it was an infectious disease spread through blood and body fluids and suggested
avirus as the cause. This prompted the biomedical scientists to step in and look for the virus.

Epidemiology is important not only for deciphering the causes of exotic new diseases,
but for preventing the spread of old, well-understood diseases. Epidemiologists are main-
stays of local health departments. In what is commonly known as “shoe-leather epidemiol-
ogy, they track down, for example, the source of a food-poisoning outbreak and force a
restaurant to clean up its kitchen. Or they trace everyone who has been in contact with a
college student diagnosed with meningitis in order to administer high doses of antibiotic
to prevent further spread of that dangerous disease. Epidemiologic studies have also been
important in identifying the causes of chronic diseases such as heart disease and cancer.

Because public health deals with the health of populations, it depends very heavily
on statistics. Governments collect data on births and deaths, causes of death, outbreaks of
communicable diseases, cases of cancer, occupational injuries, and many other health-
related issues. These numbers are diagnostic tools, informing experts how healthy or sick a
society is,and where its weaknesses are. For example, the fact that the United States ranks
27th in infant mortality among the nations of the world, 26th in life expectancy of men,
and 28th of women is one indication that the public health in this country is not as good
as that in many others.Tebles 1419

To understand what the numbers mean, it is necessary to understand certain sta-
tistical concepts and calculations. The science of statistics is used to calculate risks from
exposure to environmental chemicals, for example. Statistical analysis is an integral part
of any epidemiologic study seeking the cause of a disease or a clinical study testing the
effectiveness of a new drug.

Both public health and medicine depend on the hiomedical sciences. A major proportion
of human disease is caused by microorganisms. Prevention and control of these diseases
in a population require an understanding of how these infectious agents are spread and
how they affect the human body. Control of infectious diseases was a major focus of public
health in the 19th and early 20th centuries. Biomedical research was very successful in
gaining an understanding of the major killers of that period, providing the information
and techniques from which successful public health measures could bring these diseases
under control.
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Biomedical research is still important to the understanding and control of new
diseases such as AIDS, which has become the major epidemic of the late 20th and early
21st centuries worldwide. It has also contributed increasingly to an understanding of
noninfectious diseases such as cancer and heart disease, which have become increasingly
important as many infectious diseases have been controlled. Recent progress in under-
standing human genetics is providing new insights into people’s inherent susceptibility
to various diseases, raising new hopes of cures as well as concerns about discrimination.

Environmental health science, a classic component of public health, is concerned
with preventing the spread of disease through water, air, and food. While it is not strictly
a separate science, because it shares concerns about the spread of infectious organisms
with biomedical sciences and depends on epidemiology to track environmental causes
of disease outbreaks, it is usually considered a separate area of public health. Much of
the great improvement in public health in the United States during the 20th century was
due to improved environmental health, especially the fact that most Americans have safe
drinking water. In its concern with safe water and waste disposal, environmental health
depends on engineering to design, build, and maintain these systems.

Despite the fact that the importance of safe air, water, and food has been recognized
for so many decades, there are many new challenges to environmental health. Not only
do old systems fail, as occurred in Milwaukee, but new problems arise, brought about by
modern lifestyles. Thousands of new chemicals enter the environment every year, and
little is known about their effects on human health. Chemicals known to be toxic have
accumulated in the environment, and methods must be devised to dispose of them safely.
Other environmental threats to health include ultraviolet rays in sunlight, an increasing
problem as the ozone layer of the earth’s atmosphere is depleted, and exposure to other
kinds of radiation. Recently it has become apparent that human activities are causing
changes in the climate of the earth, changes that are permanently altering our environ-
ment and are already having important effects on human health.

Increasingly, public health is concerned with social and behavioral sciences. As bio-
medical and environmental sciences have conquered many of the diseases that killed
people of previous generations, people in modern societies are dying of diseases caused
by their behavior and the social environment. Heart disease is related to nutrition and
to exercise patterns; many forms of cancer are caused by smoking; abuse of drugs and
alcohol is a notorious killer. Violence is a significant cause of death in our society and
attracts ongoing concern.

Some subgroups of the population have poorer health overall than others, for reasons
that, while not completely understood, relate to social and behavioral factors. People with
low incomes are less healthy than those with a higher socioeconomic status. Black Ameri-
cans have lower life expectancy overall than white Americans, even when their incomes
are similar. Other ethnic minority groups, including Hispanics, Asians, and American
Indians are at increased risk for a variety of health problems.

Social and behavioral sciences involve more unanswered questions than biomedical
and environmental sciences do. Very little is known about why racial and ethnic groups
differ in their health-related behavior, why many people of all races behave in unhealthy
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ways, and how to prevent self-destructive behaviors. In the social and behavioral sciences,
of all areas, research and application of its findings are most likely to make a difference
in the future.

Until the beginning of the 20th century, public health and medicine overlapped sub-
stantially in their spheres of interest and activity. Both fields were concerned primarily
with understanding the causes and prevention of infectious disease because medicine was
relatively powerless to cure them. With the discovery of antibiotics, however, medicine
gained the power to work miracles of healing, leading to a period of rapidly growing
influence. Meanwhile, because of its less glamorous task of preventing disease, public
health faded into obscurity.

Over the past few decades, it has become apparent that our society’s emphasis on cur-
ing disease rather than preventing it has gone out of control. Medical care has become so
expensive that an increasing proportion of the population cannot afford it, and spending
for medical care has eaten up resources that could more profitably be used for educa-
tion, housing, and the environment. Concern about runaway costs, lack of access, and
questionable quality of care has led to an increasing interest in studying the medical care
system, its effectiveness, efficiency, and equity, leading to a science called health services
research. Traditional categorization of public health fields puts this study into the area of
health policy and management or health administration.

Prevention and Intervention

Public health’s approach to health problems in a community has been described as a
five-step process:

1. Define the health problem.

2. Identify the risk factors associated with the problem.

3. Develop and test community-level interventions to control or prevent the cause
of the problem.

4. Implement interventions to improve the health of the population.

5. Monitor those interventions to assess their effectiveness.

Thus, a main task of prevention is to develop interventions designed to prevent
specific problems that have been identified either through an assessment process initi-
ated by a public health agency or through community concern raised by an unusual
course of events. For example, statistical data may show that a community has a high
rate of cancer in comparison with other similar communities. Or a series of fatal
crashes caused by drunk driving may mobilize a community to demand action to
prevent further tragedies.

Public health has developed systematic ways of thinking about such problems that
facilitate the process of designing interventions that prevent undesirable health outcomes.
One approach is to think of prevention on three levels: primary prevention, secondary
prevention, and tertiary prevention. Primary prevention prevents an illness or injury from
occurring at all, by preventing exposure to risk factors. Secondary prevention seeks to
minimize the severity of the illness or the damage due to an injury-causing event once the
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event has occurred. Tertiary prevention seeks to minimize disability by providing medical
care and rehabilitation services.

Thus interventions for primary prevention of cancer include efforts to discour-
age teenagers from smoking and efforts to encourage smokers to quit. In secondary
prevention, screening programs are established to detect cancer early when it is still
treatable. Tertiary prevention involves the medical treatment and rehabilitation of
cancer patients.

This way of thinking was very effective in developing traffic safety programs that, over
the past five decades, have significantly reduced the rates of injury from motor vehicle
crashes. Primary prevention focused on preventing crashes from occurring, for example,
by building divided highways and installing traffic lights. Secondary prevention included
the design of safer automobiles with stronger bumpers, padded dashboards, seat belts,and
airbags. It also included laws requiring drivers and passengers to wear the seat belts. And
tertiary prevention required the development of emergency medical services including
ambulances, 911 calling networks, and trauma centers.

Another approach to designing interventions is to think of an illness or injury as the
result of a chain of causation involving an agent,a host,and the environment. This approach
is traditional when thinking of infectious diseases: the agent may be a disease-causing
bacterium or virus; the host is a susceptible human being; and the environment includes
the means of transmission by which the agent reaches the host, which may be contami-
nated air, water, or food, or it may be another human being who is infected. Prevention
is accomplished by interrupting the chain of causation at any step. Rendering a potential
host unsusceptible through immunization, for example, can interrupt the chain. Or the
bacterium infecting a host can be killed through the use of antibiotics. Or the environment
can be sanitized through the purification of water and food.

The chain of causation model can also be used for other kinds of illnesses or injuries.
For example, suicide is the second leading cause of death in the age group 15 to 24.5(Tble2D
In applying the model to prevention of youth suicide, the host is the susceptible young
person; the agent is most often a gun or an overdose of pills; the environment includes
the young person’s whole social environment, including family, school, and the media.
A public health intervention could focus on how to make young people less susceptible to
self-destructive thinking; it could try to change the messages presented by television and
schoolmates that may lead a young person to think he or she is unattractive or otherwise
inferior. However, the public health perspective tends to be that the most effective target of
intervention for youth suicide prevention is the agent, especially guns. Many adolescents
are susceptible to depressed moods and think of killing themselves, but the best predictor
of whether they will succeed is whether they have access to a gun.

Public Health and Terrorism

The events in the fall of 2001 disturbed the sense of complacency many people felt about
the health and safety of their living conditions. Evidence that there were groups or individu-
als who not only wanted to cause harm to Americans at home but who had the resources
and the will to succeed in that goal forced us to think about how to prevent similar events
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in the future. While prevention of violent acts such as hijacking airplanes is primarily a
responsibility of law enforcement, public health has an important role to play in control-
ling the damage caused by such events. In other words, primary prevention of terrorist
acts may be out of the domain of public health, but secondary and tertiary prevention are
very much a part of public health’s mission. Success at these services depend on having
well-designed plans in place before a disaster occurs.

The crashing of two planes into the World Trade Center triggered the activation of
emergency response plans developed for New York City and New York State, plans designed
as secondary prevention—minimizing the damage—and tertiary prevention—providing
medical care to those injured in the disaster. Most critically important for saving lives was
the ability for occupants of the buildings to get out as fast as possible. The fact that all but
2092 of the 17,400 people who were in the towers when the planes hit made it out is evidence
that some aspects of the plans were effective.” However, studies done later found many flaws
in the emergency planning. Plans for providing medical care to survivors were not seriously
tested, because the capacity—including the arrival of numerous volunteers—exceeded the
number of injured survivors. The greatest problem was a lack of coordination.

The public health response to the terrorism of September 11,2001 was essentially the
same as the response needed for other emergencies and disasters: factory explosions, plane
and train crashes, earthquakes, hurricanes (such as Katrina in 2005), and so on. Public
health was concerned not only with coordinating emergency medical care, but also with
ensuring the safety of cleanup workers and area residents. Problems with polluted water,
contaminated air, spoiled food, infestation of vermin, and so on had to be dealt with in
downtown Manhattan just as they must be dealt with after a natural disaster.

The importance of public health became even more obvious in the aftermath of the
anthrax mailings. These bioterrorism attacks did not announce themselves in the dramatic
fashion of the airplane hijackings. The first signs that a terrorist event had occurred were
not recognized as such. No alarm bells rang when a few patients showed up in hospital
emergency rooms with hard-to-diagnose illnesses. Anthrax announced itself in the same
way that AIDS appeared, as an outbreak of something new that was reported to public
health authorities, who then investigated.

The damage done by the anthrax mailings was relatively minor. However, the potential
disaster that would result if a more infectious microorganism were used in a bioterror
attack forced many sectors of society to pay attention to public health. In speculating
about what would happen if a terrorist clandestinely released smallpox virus into a crowd,
public health authorities realized that only epidemiologic methods for controlling natural
epidemics could even begin to deal with the crisis. Suddenly the media and politicians
began talking about public health. Ironically, the threat of bioterrorism did more to teach
the public about public health than any educational program. As Robert E. Meenan, Dean
of the Boston University School of Public Health, is quoted as saying, the anthrax attacks
provided “a marketing campaign we could never have bought”'° It is not clear, however,
that the lessons learned about public health during those difficult times will stay with
us when the public’s attention shifts to the more politically demanding concerns about
paying for medical care.
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Conclusion

This chapter has shown that public health is a broad term that is difficult to define. Itincludes
a goal—maximum health for all—as well as the means of attempting to achieve that goal.
Public health is concerned with the prevention of disease and disability. It is aimed at ben-
efiting the entire population in contrast with medicine, which focuses on the individual.

The functions of public health in a community can be compared with the functions
of a physician in caring for a patient. Public health diagnoses and treats the community’s
ills by way of assessment, policy development, and assurance. It relies on the tools of sci-
ence and politics. The public health sciences of epidemiology and statistics are applied in
assessing a population’s health. Policy is developed based on biomedical sciences, social
and behavioral sciences, environmental health sciences, and the study of the medical care
system. Public health depends on politics for decision making. Decisions on public health
interventions to be taken by the community, insofar as they require government action,
are reached through politics.

Public health focuses on prevention of disease and disability. Preventive measures
can be applied at three levels: Primary prevention aims to prevent a disease or injury from
occurring at all; secondary prevention aims to minimize the damage caused by the illness
or injury-causing event when it occurs; and tertiary prevention seeks to minimize any
ensuing disability by providing medical care and rehabilitation.

Public health prevention programs function through interventions designed to inter-
rupt the chain of causation that leads to an illness or an injury. Interventions can be directed
toward eliminating or suppressing the agent that causes an illness or injury, strengthening
the resistance of the host to the agent, or changing the environment in such a way that the
host is less likely to encounter the agent.

Public health is an abstract concept that is not well understood and is often neglected.
The dramatic events in the fall of 2001 forced the government and the media to pay atten-
tion to the importance of public health, both in mitigating the effects of obvious disasters,
and in recognizing and controlling the more insidious effects of bioterrorism, although it
is not clear whether that understanding will endure.
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Chapter 2

Why Is Public Health

Controversial2

KEY TERMS
Centers for Disease Control and ~ Low birth-weight

Prevention (CDC) Sexually transmitted disease
Economic impact (STD)

The mission of public health as defined by the Institute of Medicine report, The Future
of Public Health—“fulfilling society’s interest in assuring conditions in which people
can be healthy”'*40—is very broad. The conditions include many factors that might
not normally be thought of as relevant to public health. For example, the factor most
significant in determining the health of a community is its economic status: People
with higher incomes tend to be healthier for a variety of reasons. This expansive view
of public health is not new. Winslow’s 80-year-old definition specifically includes as part
of public health’s role, “the development of the social machinery which will ensure to
every individual in the community a standard of living adequate for the maintenance
of health 2D

Indeed, the early history of U.S. public health was closely tied to social reform
movements. In addition to sanitary science and public hygiene, 19th-century reformers
campaigned for improved housing, trade unions, the abolition of child labor, maternal
and child health, and temperance. Winslow thought of public health as a military-style
campaign and wrote of “whole populations mobilized for the great war against prevent-
able disease(2"

Public health can be viewed as a broad social movement. Dan E. Beauchamp, a noted
public health philosopher, has written that “public health should be a way of doing justice,
away of asserting the value and priority of all human life”*®® In an influential 1974 paper
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entitled “Public Health as Social Justice,” Beauchamp calls on public health to challenge
the ideology that prevails in the United States, an ideology that he calls “market justice”
Market justice, he writes, emphasizes individual responsibility, minimal obligation to the
common good, and the “fundamental freedom to all individuals to be left alone*®* Under
market justice, powerful forces of environment, heredity, and social structure prevent a
fair distribution of the burdens and benefits of society. Social justice, on the other hand,
suggests that minimal levels of income, basic housing, employment, education, and health
care should be seen as fundamental rights. According to Beauchamp, “The historic dream
of public health that preventable death and disability ought to be minimized is a dream of
social justice”*®®

Political conservatives have tended to resist this broad vision of public health. They
would prefer to limit public health to a technical enterprise focused on controlling com-
municable disease or as a safety net that provides medical care to the indigent. This
restricted view of public health was encouraged by physicians, concerned about govern-
ment encroachment on their economic and professional independence; their political
power helped to limit federal health funding in the 1930s and 1940s to programs, run by
local health departments, which were narrowly focused on providing services for child
health, venereal disease control, tuberculosis, and dental health.

Concerns about health threats from environmental pollution that arose in the 1960s
were addressed independently of the traditional public health system, and separate
agencies were set up to deal with them. Similarly, social problems such as homeless-
ness, drug abuse, and violence were not thought of as public health problems, although
they had adverse health consequences. It was this fragmentation of public health that
led the Institute of Medicine committee to conclude in 1988 that public health was “in
disarray”'®! and to affirm the comprehensive view of public health expressed by Win-
slow and Beauchamp.

The broad view of public health’s scope generates considerable controversy in Ameri-
cas individualistic, market-oriented society. The notion that government has an obligation
to provide healthy conditions for citizens who are unwilling or unable to provide such
conditions for themselves—and indeed to provide medical care for those who need it, as
most other industrialized countries do—has often been attacked as socialist. Conservative
politicians have won office by campaigning against taxes, starving governments of funds
that could provide health services for all. Many Americans reflexively oppose being told
what to do and resist the idea of governmental restrictions on their behavior even when the
intent is to protect their own health and that of others. Moreover, many health problems
have their roots in unhealthy behaviors that are so personal and intimate that moralists
oppose even discussing them. Three issues—economic, libertarian, and moral—tend to
come up repeatedly in any debate over public health actions or activities.

Economic Impact

Most public health measures have a negative economic impact of some kind on some
segment of the population or on some industry. Consequently, any new proposal for a
public health regulation is likely to inspire opposition from some quarter, on the grounds
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that it might cost jobs, add to the price of a product, or require a tax increase. It might
also cut into a company’s profits. Consequently, industries resist change: Milk produc-
ers resisted pasteurization, landlords resisted building codes, automobile manufacturers
resisted design changes to improve safety. There are several reasons why these conflicts
are particularly difficult to resolve.

The difficulty in dealing with the economic impact of public health measures has been
illustrated by conflicts with the tobacco industry. Tobacco is clearly harmful to health,
causing thousands of deaths and millions of dollars in medical costs annually. Yet, until
recently, only mild restrictions and regulations were instituted to discourage use of the
product. Tobacco is a major industry in the South, supporting jobs and providing profits
for tobacco companies. Cigarette sales also are a significant source of income for many
small businesses. Owners of bars and restaurants have fought laws restricting smoking on
their premises, fearing that they would lose the patronage of smokers. Politicians are not
eager to institute strong public health measures that would have such a major economic
impact. Only in the past two or three decades, with the shift of public opinion against the
tobacco industry, together with the industry’s need to protect itself against a potentially
bankrupting flood of lawsuits by injured smokers, have federal, state, and local govern-
ments begun to take serious measures to control smoking.

In many circumstances, controversy arises because those who pay for a public health
measure are not the ones who benefit. Environmental regulations such as restrictions on
timber harvesting in the Pacific Northwest are regularly under attack because they may
costjobs in the lumber industry, although they may preserve jobs in the fishing and tourist
industries as well as contribute in the long term to a more stable climate. Regulations that
protect the health and safety of workers may require expensive protective equipment, thus
driving up the costs to consumers.

In times of economic difficulty, people are often unwilling to pay short-term costs in
order to obtain a benefit in the long term. In both the fishing and lumber industries, stocks
have been dangerously depleted, and there is a risk of killing off all the fish and cutting
down all the timber, thereby destroying the industries altogether. Yet few workers in the
fishing or lumber industries are willing to voluntarily cut back on their own harvests.
Companies resist tough pollution control laws even though less polluting technology
may lead to a long-term benefit not only for the environment but also for a company’s
competitiveness in international markets. This shortsightedness became apparent at a
time of high gas prices, when U.S. automobile companies suddenly lost market share and
profits because they invested so much of their production into formerly profitable gas-
guzzling SUVs that Americans could no longer afford to drive.

The costs of public health measures are usually much easier to calculate than the ben-
efits. For example, experts may know the cost of reducing smog in Los Angeles to a level
that reduces deaths from lung disease by 10 percent. But how do they calculate whether
this benefit is worth the cost? It is very difficult to put a dollar value on life and health.
Furthermore, it is often difficult to quantify what the risk really is and how to balance it
against other risks. People are concerned, for example, about farmers’ use of pesticides,
which may leave toxic residues on fruits and vegetables. Scientists can estimate the health
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risks the average person faces by consuming that residue. But fruits and vegetables are an
important part of a healthy diet. If the use of pesticides were forbidden, the crops might
be less abundant, and the price of the produce might rise, perhaps discouraging some
people from eating these nutritious foods. Thus, an effort to protect health might have a
negative impact on health overall.

Individual Liberty

One of the primary purposes of government is to “promote the general welfare,” as called
for in the U.S. Constitution. Health and safety, together with economic well-being, are
the major factors that contribute to the general welfare. While the government cannot
guarantee health and safety for each individual, its role is to provide for maximum health
and safety for the community as a whole. One of the central controversies in public health
is the extent to which government can and should restrict individual freedom for the
purpose of improving the community’s health.

There has long been general agreement that it is acceptable to restrict an individual’s
freedom to behave in such a way as to cause direct harm to others. Laws against assault
and murder are found in the Bible and even in the Babylonian Code of Hammurabi, which
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dates to the 18th century B.C. When the harm is less direct, however, the issues become
more controversial. Most controversial are governmental restrictions on people’s freedom
to harm themselves.

Government restrictions on behavior that causes indirect harm to others is the way
to prevent what Garrett Hardin, in 1968, called the “tragedy of the commons.”* Hardin
describes a pasture open to all herdsmen in a community. The land can support a limited
number of grazing cattle. If each herdsman tries to maximize his gain by keeping as many
cattle as possible on the pasture—the commons—the pasture will be overgrazed. The cattle
will starve, and the herdsmen will be ruined. The only way for the community to save
the pasture is to agree to restrict the freedom of the herdsmen, placing fair and equitable
limits on the number of cattle each can keep there.

In the industrialized world of today, the “commons”is the air, water,and other elements
of the environment that all people share. Because no individual has the power to control
the quality of his or her own personal environment independent of the behavior of his or
her neighbors, government action is required to protect these common resources. While
the general principle of protecting the “commons” is accepted by most citizens, there is
plenty of room for controversy in defining what to include among the protected resources,
as well as how extensive the protective measures should be.

The United States has made great progress over the past 50 years in cleaning up air and
water through federal legislation. Now questions are being raised as to whether the laws
have gone too far in restricting the “freedom” to pollute. Companies have been required
to limit emissions from their smokestacks; automobile makers have been required to
install emission control devices on every car they manufacture. These regulations may
have driven up the costs of automobiles and other products, but they have not limited
anybody’s freedom. However, southern California still had a serious air pollution problem.
For Los Angeles to meet the federal mandates for clean air, it imposed regulations includ-
ing a ban on gas-driven lawn mowers, elimination of drive-through windows in banks
and fast-food restaurants (to cut the pollution that results from idling car engines),and a
ban on charcoal lighting fluid. None of these activities on an individual basis—mowing
a lawn, sitting in an idling car waiting for a hamburger, or lighting a few chunks of
charcoal—contributes in any major way to the pollution of California’s air, but when done
by thousands of residents each day, they add up to a significant problem. Los Angeles’s
actions showed that Americans are willing to accept such significant limitations on their
behavior in order to achieve the desirable goal of clean air to breathe.

Most controversial of public health measures are requirements that restrict peo-
ple’s freedom for the purpose of protecting their own health and safety. Examples of
such measures include requirements to wear seat belts when traveling in a car and
helmets when riding a motorcycle. Such laws inspire allusions to “the tyranny of
health”® and “the health police,” although restrictions on many drugs, such as heroin,
cocaine, marijuana, LSD, and—during Prohibition in the early 20th century—alcohol
have been generally accepted.

Such restrictions on individual behavior are often criticized as “paternalism”” Libertar-
ians, in the words of John Stuart Mill, argue that “the only purpose for which power can
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be rightfully exercised over any member of a civilized community, against his will, is to
prevent harm to others ... In the part [of his conduct] which merely concerns himself, his
independence is ... absolute””®*” The one form of paternalism that is generally accepted
is that children and young people can be restricted in their behavior on the basis that they
are not yet mature enough to make considered judgments as to their own best interests.
Thus, there are laws that prevent juveniles from buying tobacco and alcohol, that require
them to wear bicycle helmets and seat belts (even where adults are not required to wear
them), and that require parental permission to obtain birth control information or an
abortion, or to go skydiving.

According to the libertarian view, which has a strong tradition in the United
States, it is acceptable to outlaw drunk driving but not drunkenness itself. Similarly,
smoking in indoor public places can be outlawed because the smoke bothers oth-
ers (although there is still strong resistance in many places), while smoking itself
cannot be regulated in adults.

Restrictions on individual liberty are sometimes justified on the basis that their pur-
pose is really to protect others, even when the argument is a bit strained. For example,
unhelmeted motorcyclists could be a threat to others because of the possibility of their
losing control if hit by flying debris. Unhelmeted cyclists and unbelted motorists, severely
injured in road accidents, drive up insurance rates for others and in extreme cases may
become expensive wards of the state. Alcoholics and drug users bring harm to their families
and are a nuisance to their neighbors.

Most public health advocates believe that there are more fundamental justifica-
tions for restrictions on individual behavior for the sake of the public health. Beau-
champ, the philosopher, explores the reasons in his book, The Health of the Republic,
arguing that such laws are needed most for behaviors that are common and carry
small risks. Consistent use of seat belts, for example, prevents thousands of deaths and
injuries in the population as a whole, although the risk people face on any one trip,
when they must decide whether to buckle up, is quite small. While each individual’s
choice to take the risk of driving unbuckled may be rational, society’s interest in
preventing the thousands of deaths and injuries outweighs the minor inconvenience
of obeying the seatbelt law.

Beauchamp’s argument in favor of limiting individual liberty for the common
good is consistent with his view of public health as social justice. Death and disability
are collective problems, he says, and collective action is needed to promote the com-
mon welfare. The U.S. tradition of supporting private liberty above all is wrong, as
noted by that early critic of the American character, Alexis de Tocqueville, in that it
“disposes [citizens] not to think of their fellows and turns indifference into a sort of
public virtue”8®10

Moral and Religious Opposition

Public health often arouses controversy on moral grounds, most often when it confronts
sexual and reproductive issues. AIDS, other sexually transmitied diseases, teenage pregnancy,
and low birth-weight babies are major public health problems in the United States. The public
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health approach to these problems includes sex education in schools and the provision of
contraceptive services, especially condoms. These measures are often vigorously opposed
by members of certain religious groups who believe that they promote immoral behavior.
Safe and legal abortion to terminate unwanted pregnancy is even more controversial.
While there is no question that the safest and healthiest lifestyle is to abstain from sexual
activity before marriage and then to be faithful to one’s spouse, experience has long shown
that preaching morality has limited efficacy in preventing sexually transmitted diseases
and unwanted pregnancy.

AIDS has been an especially divisive issue because so many people with AIDS con-
tracted the disease through behavior that is widely regarded as immoral—homosexual
acts and intravenous drug use. Consequently, AIDS-related policy has often been con-
founded by moral revulsion against the disease and its victims. While not supported by
the evidence, it is commonly believed that education on how to protect oneself against
contracting the virus that causes AIDS may encourage homosexuality and promiscuous
sexual behavior in general. Similarly, moralists frown on the practice of providing clean
needles to drug addicts because, while it is effective in reducing the spread of the virus,
they believe it condones the use of intravenous drugs.

Moralism also enters into discussions of alcohol and drug policy. Libertarians could
argue against regulation of alcohol and bans on addictive drugs on the basis that consump-
tion of drugs is private behavior that does not directly hurt others. In fact, however, most
citizens accept the validity of such regulation. The power of government to limit drug
and alcohol consumption is well established in the United States and corresponds with
the tradition of limiting individual behavior for the common good.

While regulation for the common good is valid, trying to legislate morality has often
proven to be ineffective, self-defeating, and a threat to liberty, in part because people
differ in what they view as moral. When morality is the justification for banning certain
behaviors, rational discussion is often impossible. Free speech is repressed, victims are
demonized, practitioners of the behavior are driven underground, and the “epidemic”—
whether AIDS, drug abuse, or teenage pregnancy—spreads more easily.*

Moral and religious concerns may interfere with scientists’ studying how to prevent
the spread of the human immunodeficiency virus (HIV) and other diseases and conditions
caused by unhealthy behavior. Up to half of the deaths in the United States are preventable,
many of them caused by unhealthy behavior. Yet a small fraction of the research funded
by the federal government is devoted to understanding why people behave in unhealthy
ways and how to encourage them to change these behaviors. Such research tends to be
highly controversial and is vulnerable to attacks by conservative groups. For example, in
the fall of 2003, a group called the Traditional Values Coalition drew up a list of projects
funded by the National Institutes of Health and requested that a congressional committee
investigate why taxpayer money was being “wasted” on these studies, which involved HIV
transmission and sexual behavior.” Although the investigation did not lead to withdrawal
of funding from any of these projects, such episodes do have the effect of discouraging
scientists and funding agencies from conducting research on many important public
health problems.
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Political Interference with Science

While there are legitimate differences of opinion on how to weigh the competing interests
in making policy that affects public health, these decisions should be informed by science
to the extent possible. The George W. Bush administration was notorious for going beyond
previous political practices in manipulating and distorting scientific evidence to fit its
political agenda. In February 2004 the Union of Concerned Scientists (UCS), a nonprofit
advocacy group, released a report called “Scientific Integrity in Policymaking,” which was
signed by more than 60 leading scientists, including 20 Nobel Prize winners.'° The report
documented many instances of the administration’s misrepresentation or suppression of
scientific information and stacking of scientific advisory committees to obscure the fact
that policy decisions were based on its political agenda, which usually favored right-wing
constituencies and large corporations.

One example cited by the UCS report was pressure on the Centers for Disease Control and
Prevention (CDC) to promote abstinence-only programs for preventing teen pregnancy. The
CDC was required to remove from its Web site information on “Programs that Work,” five
sex education programs for teenagers that had been found effective in scientific studies.
Similarly, the CDC replaced information on the effectiveness of condoms in preventing
the spread of HIV/AIDS with a document that emphasized condom failure rates and
the effectiveness of abstinence. While there is no dispute that abstinence is the most
effective way to prevent pregnancy and HIV transmission, scientific studies have found
abstinence-only programs to be ineffective. In 2003, The New York Times reported that
the National Cancer Institute’s Web site contained information suggesting that having an
abortion increased a woman’s risk of breast cancer. This issue had long been discredited
by a number of epidemiologic studies, and the publicity forced the Institute to remove
the inaccurate information."!

Global warming was an issue on which the Bush administration especially sought to
suppress information and to discredit scientific evidence. According to the UCS, the politi-
cal environment over this issue was so hostile that the Environmental Protection Agency
decided to omit an entire climate change section from a major report on the environ-
ment rather than compromise its credibility by misrepresenting the scientific consensus.
A scientist from the National Oceanic and Atmospheric Administration reported that,
when he organized a conference on carbon dioxide, he was told that the words “climate
change” could not be used in the title of any presentation.

Another way the administration sought to distort scientific information, according
to the UCS report, was by packing scientific advisory committees with ideologues and
industry representatives. For example, the President’s Council on Bioethics was created to
consider research on embryonic stem cells, which offers the hope of curing many degenera-
tive diseases, but has been strongly opposed by abortion opponents. In early 2004, President
Bush dismissed two of the members, scientists who were supporters of such research. “It
seems like an act of desperation to keep the bioethics commission from coming up with
advice [the president] doesn’t want to hear,” said a Nobel Prize winning geneticist."> An
advisory committee on childhood lead poisoning prevention was about to recommend that
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the CDC issue a stricter federal standard for exposure to lead, which damages children’s
brains and nervous systems, when the Secretary of Health and Human Services replaced
highly qualified scientists on the committee with members who had financial ties to the
industry. “The Bush administration has the right to implement the policies it chooses,”
said one of the signers of the UCS statement. “We object to the administration pretending
the science supports these policies, when in fact it doesn’t.”*?

President Barack Obama has promised to restore scientific integrity to federal policy
making. His science advisor, physicist John Holdren, was one of the original signers of
the UCS’s report.” President Obama issued a scientific integrity directive in 2010, which
was praised by the UCS, but the organization expressed caution that the directive leaves
an enormous amount of discretion to agencies and departments who must work out the
details.™

Conclusion

Public health is controversial because, depending upon how it is defined, it may challenge
people’s values and demand sacrifices. The battle between an expansive and a restrictive
view of public health is ongoing. The expansive view asks people to give up a degree of
personal liberty for the common good.

At its most idealistic, public health is a broad social movement, a campaign to maxi-
mize health for everyone in the population through distributing benefits and responsibili-
ties in an equitable way. Health is therefore “a political endeavor as much as, or at times
even more than, a medical one”'*®!1

Public health measures are often controversial because they have an economic impact.
The people or industries that must pay the price may not be the ones that will benefit from
the new protections. Costs are usually more concrete than benefits. Moreover, the price
may need to be paid sooner while the benefit may not be achieved until later.

Public health may be affected by personal and intimate behaviors, which are often
embarrassing and even offensive to discuss. Thus some public health measures are con-
troversial because they arouse moral or religious objections.

Although there are legitimate differences of opinion on how to weigh competing
interests in making public health policy, concerns were raised that the George W. Bush
administration misused and distorted scientific evidence to pretend that its policies were
based on science when they really were not.
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Chapter 3

Powers and Responsibilities
of Government

KEY TERMS

Food and Drug Administration Injury Parts per million
(FDA) Nongovernmental organization (ppm)

Health education (NGO) Surgeon General

Governments ultimately have the responsibility of making the organized community
efforts necessary to protect the health of the population, although many other
organizations and community groups are also important participants. Govern-
ment’s role is determined by law; that is, government’s public health activities must
be authorized by legislation at the federal, state, or local levels. The public health law
is further defined by decisions of the courts at the various levels of government. The
broad decisions of the legislative and judicial branches of government are worked
out in detail by the executive branch, usually the agencies which issue regulations
and carry out public health programs. The ultimate authority that allows the laws
to be written is the constitution or charter, whether federal, state, or local. Thus the
body of public health law is massive, consisting of all the written statements relating
to health by any of the three branches of government at the federal, state, and local
levels.

Many nongovernmental organizations (NGO) play an important role in public health, espe-
cially through educational programs and lobbying. In recent years, stimulated in part by
the Institute of Medicine’s The Future of Public Health,' there has been increasing emphasis
on community involvement in public health planning and in generating support for and
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participation in public health activities. This process expands the concept of the public
health system to include, for example, hospitals, businesses, and charitable and religious
organizations.

Federal Versus State Authority

The U.S. Constitution does not mention health. Because the Tenth Amendment states
that “the powers not delegated to the United States by the Constitution . . . are reserved
to the States respectively;” public health has been a responsibility primarily of the states.
Most state constitutions provide for the protection of public health, and the original states
already had laws concerning health before the Constitution took effect.?

All states have laws such as mandates to collect data about the population, to immunize
children before they enter school, to regulate the environment for purposes of sanitation,
and to regulate safety. To a varying extent, responsibility for some public health activities
may be delegated by the state to local governments. (FIGURE 3-1), an organization chart
of a small state health department, shows public health activities typically provided for in
state law.

The Constitution, in the Preamble, includes among the fundamental purposes of govern-
ment, “to promote the general welfare” It gives the federal government authority to regulate
interstate commerce and to “collect taxes . .. to pay the debts and provide for the common
defense and the general welfare” These powers are the basis for the federal role in public
health.

The interstate commerce provision, for example, justifies the activities of the
Food and Drug Administration (FDA), which oversees extensive federal regulation of foods,
drugs, medical devices, and cosmetics, most of which are distributed across state lines.
Itis obviously more efficient and economical for the industries that produce these products
to be bound by uniform national rules rather than having to comply with 50 different
sets of state regulations.

The power to tax and spend is a way for the federal government to achieve goals that
it may lack the authority to achieve directly. It can provide funds to the states subject to
certain requirements. For example, in 1967 the federal government mandated that, as a
precondition for receiving highway construction funds, states must pass laws requiring
motorcyclists to wear helmets. The effectiveness of the mandate was demonstrated by the
fact that, by 1975, 47 states had passed such laws, with the result that motorcyclist deaths
declined by 30 percent in these states.> Another example of federal influence over state
health programs is the Medicaid program of providing health care for the poor. The federal
government provides 50 to 80 percent of the funding for Medicaid. States and counties
administer the Medicaid program, providing the remaining funds, and must follow the
guidelines established by Congress.>

Since World War II, the federal government has used these powers to steadily widen
its role in public health, among other matters. That trend began to reverse in the 1980s.
In a political climate hostile to government, especially the federal government, there was a
strong movement in Congress and the Supreme Court to cut government regulation and
return more powers to the states. In an early example of the reversal, in 1976 Congress
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removed the financial penalty for lack of motorcycle helmet laws. By 1980, 27 states had
repealed their helmet laws, and motorcycle deaths rose in those states by 38 percent.’ The
Medicaid program, which has grown enormously expensive since it was established in
1965, has also been a target of Congress, which for some time threatened, without success,
to hand it over to the states entirely.

In the 1990s, the U.S. Supreme Court under Chief Justice William Rehnquist began
a trend known as the new federalism, which limited Congress’s powers and returned
authority to the states. For example, in 1995, the Court struck down a law making gun
possession within a school zone a federal offense, rejecting the argument that gun pos-
session was a matter of interstate commerce.* In 2001, it decided that the Americans with
Disabilities Act could not be enforced against a state, ruling that a woman who was fired
from her state job because she had breast cancer could not sue the state of Alabama.> How-
ever, the new federalism lost much of its momentum after 9/11 when, as New York Times
reporter Linda Greenhouse noted, “suddenly the federal government looked useful, even
necessary. In 2003, Rehnquist “gave up and moved on,” writing the majority ruling that
state governments could be sued for failing to give their employees the benefits required
by the Family and Medical Leave Act.® In 2005, the Supreme Court affirmed the priority
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of federal law over state law in a controversial decision ruling that patients in California
could be criminally prosecuted by federal authorities for using marijuana prescribed by
a physician according to California’s medical marijuana law.”

How the Law Works

Governments have broad power to act in ways that curtail the rights of individuals. These
police powers of governments are basic to public health, and are the reason why public
health must ultimately be government’s responsibility.® Police powers are invoked for three
reasons: to prevent a person from harming others; to defend the interests of incompetent
persons such as children or the mentally retarded; and, in some cases, to protect a person
from harming himself or herself.’

Laws have been used to enforce compliance in health matters for over a century.
In 1905, a precedent was set for the state’s police power in the area of health when the
Massachusetts legislature passed a law that required all adults to be vaccinated against
smallpox. A man named Jacobson refused to comply and went to court, arguing that
the law infringed on his personal liberty. The trial court found that the state was within
its power to enforce the law. Jacobson appealed his case all the way to the U.S. Supreme
Court. He lost: The Supreme Court upheld the right of the state to restrict an individual’s
freedom “for the common good™

The public health law has become more complex over the years, but it follows the
same pattern. At any level of government, a legislature, perceiving a need, passes a statute.
The statute may be challenged in court and the decision of the court may be appealed to
higher courts. Generally, on issues of constitutionality, a state court may overturn a local
law or court decision, and a federal court may overturn a state law or court decision.

Since public health increasingly involves complex technical issues, legislatures at
the several levels of government generally set up administrative agencies to perform
public health functions. The legislature, recognizing that it lacks the necessary expertise,
authorizes these agencies to set rules that define in detail how to accomplish the purpose
of the legislation. The courts may then be called on to interpret the authority of the agen-
cies under the laws and to determine whether certain rules or decisions of an agency are
within its legal authority.

As an example of the interplay of legislation, agency rule making, and the role of
the courts, consider the Occupational Safety and Health Act, passed by Congress in
1970. The legislation stated that “personal injuries and illnesses arising out of work
situations impose a substantial burden upon ... interstate commerce,” and thus used
the federal government’s authority over interstate commerce to pass a public health
statute.’*®18 The law established the Occupational Safety and Health Administration
(OSHA) within the Department of Labor. OSHA was authorized, among other things,
to set standards regulating employees’ exposure to hazardous substances. Representa-
tives of industry challenged the constitutional authority of Congress to pass the law
but were unsuccessful.

Industries that feel economically harmed by OSHA’s standard setting have used other
routes to weaken the agency’s power. One of the substances that OSHA decided to regulate
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was benzene, which caused a variety of toxic effects among workers in the rubber and
petrochemical industries. In 1971, OSHA set a standard limiting benzene exposure to 10
parts per million (ppm) in air, averaged over an 8-hour period. Epidemiologic evidence indi-
cated, however, that exposure to lower concentrations of benzene over time might increase
the risk of leukemia, and there was laboratory evidence to support those studies. Therefore,
in 1978, OSHA lowered the standard to 1 ppm over an 8-hour period. Representatives
of the affected industries appealed the new regulations in court, claiming that evidence
that benzene causes leukemia was not sufficiently strong, and that complying with the
new standard would be too expensive. The court, in a ruling upheld later by the Supreme
Court,agreed that OSHA did not have sufficient evidence to support the need for the new
standard and thus had exceeded its authority in issuing the regulation.” The standard
remained at 10 ppm until 1987, when evidence for the carcinogenicity of benzene was
deemed convincing enough to justify the lower value."

The courts did not rule on whether the cost of complying with a standard should be
considered in the process of setting it. The act had specified that standards should ensure
the health of workers “to the extent feasible.”’*®!*0 Industry argued that OSHA should
have done a cost-benefit analysis before issuing the regulation. This issue was decided in
another case, in which the courts determined that a formal cost-benefit analysis was not
required in the law.'® Usually, the expected cost of implementing regulations is considered
together with the potential benefits when decisions are made. However, there is plenty of
room for controversy over the relative magnitudes of the costs and benefits.

Since regulatory activities of federal and state governments are so fundamental to
public health, they will often be discussed throughout this text.

How Public Health Is Organized and
Paid for in the United States

Local Public Health Agencies

The organization of public health at the local level varies from state to state and even within
states. The most common local agency is the county health department. A large city may
have its own municipal health department, and rural areas may be served by multicounty
health departments. Some local areas have no public health department, leaving their
residents to do without some services and to depend on state government for others.

Local health departments have the day-to-day responsibility for public health matters
in their jurisdiction. These include collecting health statistics; conducting communicable
disease control programs; providing screening and immunizations; providing health edu-
cation services and chronic disease control programs; conducting sanitation, sanitary
engineering, and inspection programs; running school health programs; and delivering
maternal and child health services and public health nursing services. Mental health may
or may not be the responsibility of a separate agency.

In many states, laws assign local public health agencies the responsibility for providing
medical care to the poor. While this task may be considered part of the assurance function
defined in The Future of Public Health,' the Institute of Medicine found that this role tends
to consume excessive resources and distract local health departments from performing
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their assessment and policy development functions. The provision of medical services by
public health clinics has often been a source of friction with the medical establishment.
Functions of a typical county health department are shown in the organizational chart
(FIGURE 3-2).

The source of funds for local health department activities varies widely among
states. Some states provide the bulk of funding for local health departments while
others provide very little. The federal government may fund some local health depart-
ment activities directly, or federal funds may be passed on from the states. A portion
of the local health budget usually comes from local property and sales taxes, and from
fees that the department charges for some services. The extent to which local health
departments are responsive to mandates from the state and federal government is
likely to depend on how much of the local agency’s budget is provided by these sources.
When the bulk of a local health department’s budget is determined by a city council
or county legislature, the local agency’s capacity to perform core functions may depend
on its ability to educate the legislative body about public health and its importance.

State Health Departments

The states have the primary constitutional responsibility and authority for the protection
of the health, safety, and general welfare of the population,and much of this responsibility
falls on state health departments. The scope of this responsibility varies: Some states have
separate agencies for social services, aging, mental health, the environment, and so on. This
may cause problems, for example, when the environmental agency makes decisions that
impact the population’s health without consulting the health agency, or—in one example
described by the Institute of Medicine—when the Indian Health Service, the state health
agency, and the state mental health agency argued about which was responsible for adult
and aging services.' Some state health departments are strongly centralized, while others
delegate much of their authority to the local health departments. State health departments
depend heavily on federal money for many programs, and their authority is thus limited
by the strings attached to the federal funds.

State health departments define to varying degrees the activities of the local health
departments. The state health department may set policies to be followed by the local
agencies, and they generally provide significant funding, both from state sources and as
channels for federal funds. The state health department coordinates activities of the local
agencies and collects and analyzes the data provided by the local agencies. Laboratory
services are often provided by state health departments.

State health departments are usually charged with licensing and certification of
medical personnel, facilities, and services, with the purpose of maintaining standards of
competence and quality of care. An organization chart of a typical state health department
is shown in Figure 3-1.

People who lack private health insurance are generally the concern of state health
departments, although many states pass this responsibility on to localities. Some of these
people are covered by Medicaid, the joint federal-state program for the poor. States have
significant—though not total—flexibility in how to administer the Medicaid program,
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determining eligibility rules for coverage as well as setting payment amounts for the
doctors, hospitals,and other providers of medical care. Most states also provide some kind
of funding to hospitals to reimburse them for treating uninsured patients who arrive in
the emergency room and must be treated.

Funding for state health department activities comes mostly from state taxes and
federal grants.

Federal Agencies Involved with Public Health

Most traditional public health activities at the federal level, other than environmental
health, fall under the jurisdiction of the Department of Health and Human Services (HHS).
The organization chart of the HHS is shown in (FIGURE 3-3). The predominant agencies
are the Centers for Disease Control and Prevention (CDC), the National Institutes of
Health (NIH), and the FDA. The Surgeon General is the nation’s leading spokesperson on
matters of public health. The position does not in itself carry much direct line authority,
but it became very visible in the 1980s when C. Everett Koop spoke out with great cour-
age and moral authority on the politically controversial subjects of AIDS and tobacco.

The CDCis the main assessment and epidemiologic agency for the nation. The mission
of the CDC is, as its name implies, to control and prevent human diseases. Traditionally,
the CDC focused on infectious diseases and was therefore crisis-oriented. In contrast,
the NIH holds the longer view of a research agency. The CDC is staffed with epidemiolo-
gists who travel throughout the country and the world to detect outbreaks of disease, to
track down the causes of epidemics, and to halt their spread. It also has laboratories at its
headquarters in Atlanta, where biomedical scientists study the viruses and bacteria linked
with the epidemics. One of the 12 centers, institutes, and offices in the CDC is the National
Center for Health Statistics, which is the national authority for collecting, analyzing, and
disseminating health data for the United States.

The CDC has expanded its mission over recent decades to include chronic diseases,
genetics, injury and violence, and environmental health. The CDC’s change in focus is jus-
tified by the argument that infectious diseases no longer are the leading causes of death
and disability in the United States and that these other problems must be addressed in
order to make further progress in preventing and controlling disease. However, the CDC’s
involvement in programs to prevent noninfectious diseases, injury, and violence is more
controversial politically, in that it embroils the agency in discussions of health-related
behavior, as well as of industries, such as tobacco and firearms, that have supporters in
Congress.

(FIGURE 3-4) shows the organization chart of the CDC. The CDC issues a weekly
publication called Morbidity and Mortality Weekly Report (MMWR), which is widely
distributed in print and electronically via the Internet. MM WR reports on timely public
health topics that the CDC deals with, such as outbreaks of infectious diseases and new
environmental and behavioral health hazards. The first published report that heralded
the onset of the AIDS epidemic appeared in MM WR on June 4, 1981."2 The CDC’s jour-
nal Emerging Infectious Diseases, published in print and online, discusses new infectious
disease threats that occur naturally as well as potential bioterrorist threats.
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Reproduced from U.S. Department of Health and Human Services, Organizational Chart, www.hhs.gov/about/agencies/orgchart/index.html, accessed September 12, 2015.

The NIH is the greatest biomedical research complex in the world, with its own research
laboratories, most of which are located in Bethesda, Maryland, as well as a program that
provides grants to biomedical scientists at universities and research centers throughout
the United States. The NIH supports research ranging from basic cellular processes to the
physiological errors that underlie human diseases. The NIH’s Clinical Center in Bethesda
is aresearch hospital where medical researchers test experimental therapies. The NIH also
includes the National Library of Medicine, which serves as a reference library for medical
centers around the world. Its computerized bibliographic service can be accessed on the
Internet. The NIH’s institutes, centers, and offices are listed in (BOX 3-1).

NIH has enjoyed strong Congressional support over the years. Research aimed at
curing human diseases is a popular cause and, for the most part, is generally agreed to be
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a proper activity for the federal government. States and private companies could not afford
to do biomedical research, except to a limited extent, and until recently the prospects for
corporate profit in this field were not great. Even periodic budgetary constraints have
usually spared NIH the worst of the axe.

Regulation of the food and drug industries has been difficult and controversial since
Massachusetts passed the first American pure-food law in 1784. As recently as the late
19th century, milk was commonly watered down, then doctored with chalk or plaster of
Paris to make it look normal.”® The Pure Food and Drugs Act of 1906 was opposed by
the food-canning industry, drug and patent medicine manufacturers, whiskey interests,
and, of course, the meatpacking industry. That law was passed soon after the publication
of Upton Sinclair’s best selling novel, The Jungle,an exposé of brutal and filthy conditions
in the Chicago stockyards.
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Box 3-1 National Institutes of Health: Institutes,

Centers, and Offices

* Office of the Director

* National Cancer Institute

* National Eye Institute

* National Heart, Lung, and Blood Institute

* National Human Genome Research Institute

* National Institute of Allergy and Infectious Disease

* National Institute on Aging

* National Institute on Alcohol Abuse and Alcoholism

* National Institute of Arthritis and Musculoskeletal and Skin Diseases
* National Institute of Biomedical Imaging and Bioengineering

* Eunice Kennedy Shriver National Institute of Child Health and Human Development
* National Institute on Deafness and Other Communication Disorders
* National Institute of Dental and Craniofacial Research

* National Institute of Diabetes and Digestive and Kidney Diseases

* National Institute on Drug Abuse

* National Institute of Environmental Health Sciences

* National Institute of General Medical Sciences

* National Institute of Mental Health

* National Institute on Minority Health and Health Disparities

* National Institute of Neurological Disorders and Stroke

* National Institute of Nursing Research

* National Library of Medicine

* Center for Information Technology

* Center for Scientific Review

* Fogarty International Center

* National Center for Complementary and Alternative Medicine

* National Center for Advancing Translational Sciences

* NIH Clinical Center

Modified from National Institutes of Health, www.nih.gov/icd, accessed August 25, 2015.

The modern FDA was established in 1931, and the current law provides for the
agency, in addition to ensuring that the food supply is safe and nutritious, to evaluate
all new drugs, food additives and colorings, and certain medical devices, approving
them only if they are proven safe and, in the case of drugs, effective. The agency also
regulates vaccines and diagnostic tests, animal drugs, and cosmetics. Because FDA
regulations affect major segments of the U.S. economy, it is frequently under attack,
either for being too restrictive or, when an approved product is found to cause harm,
too lenient.

Other components of the HHS include the Centers for Medicare and Medicaid
Services and the Agency for Healthcare Research and Quality, which supports research
on healthcare quality and cost. The Indian Health Service operates hospitals and health
clinics for Native Americans.
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Responsibility for environmental health is scattered throughout the federal govern-
ment, including the CDC’s Center for Environmental Health and the NIH’s National
Institute of Environmental Health Sciences. The prime agency for the environment is
the Environmental Protection Agency (EPA), established in 1970 to carry out programs
dealing with water pollution, air pollution, toxic substances control, and other issues of
environmental contamination. The EPA is one of the most controversial federal public
health agencies. It has often been attacked by Congress and its policies were often watered
down by the George W. Bush White House.

Many other federal agencies have public health responsibilities. For example, although
meat safety concerns were a major factor in the establishment of the FDA, standards
of meat safety are the province of the Department of Agriculture. The Department of
Agriculture also oversees food and nutrition programs, including food stamps and school
lunches. The Department of Education supervises health education and school health and
safety programs. Among the responsibilities of the Department of Transportation is traffic
safety, the purview of the National Highway Traffic Safety Administration, which has had
great success in reducing deaths caused by motor vehicles. The Department of Labor has
OSHA, which is concerned with occupational health and prevention of occupational injury.
The Department of Veterans Affairs administers its own health and medical services. The
Department of Defense, which provides medical care for the armed forces, has long had
to deal with public health concerns relating to threats from infectious diseases in foreign
climates as well as health effects from toxic chemicals and radiation. The Department
of Homeland Security was created in 2003 to protect the public from acts of terrorism,
natural disasters, and other emergencies.

Nongovernmental Role in Public Health

While government bears the major responsibility for public health, many nongovernmental
organizations play important roles, especially in education, lobbying, and research. Organi-
zations that focus on specific diseases, such as the American Heart Association, the American
Cancer Society, the Alzheimer’s Disease and Related Disorders Association,and the Ameri-
can Diabetes Association, lobby Congress for resources and policies to benefit their causes.
They also conduct campaigns to educate the public and may sponsor research concerned
with their disease. Professional membership organizations, such as the American Public
Health Association, the American Medical Association, and the American Nurses Associa-
tion also are active in lobbying Congress in support of public health issues such as research
related to the health effects of smoking. However, the American Medical Association is also
known for its opposition to some public health-related programs such as President Clinton’s
universal healthcare proposal of 1994 and the possibility of a government-sponsored insur-
ance option in President Obama’s 2009 health reform plan (both of which failed). Other
organizations that will play an important role in defining the future of public health include
the National Association of City and County Health Officers, the Association of State and
Territorial Health Officers, and the Association of Schools of Public Health.



Conclusion

Several major philanthropic foundations provide funding to support research
or special projects related to public health. For example, the Rockefeller Foundation
focuses on world population issues; the Robert Wood Johnson Foundation on provid-
ing health care to the poor as well as on AIDS, alcoholism, and drug abuse; the Pew
Charitable Trusts on health, AIDS, and drug abuse; the Kaiser Family Foundation on
health and public policy; and the Commonwealth Fund also on health and public
policy, especially concerning minorities, children, and elderly people. Bill Gates of
Microsoft has endowed the Bill and Melinda Gates Foundation, the mission of which
is to improve global health.

Consumers groups organized around specific issues have sometimes had a major
impact on national or regional policy related to public health. For example, Ralph
Nader’s traffic safety campaign in the 1960s forced Congress to pass legislation requir-
ing the automobile industry to build safer cars. The Gay Men’s Health Crisis played a
critical role in the 1980s in starting up community health services for AIDS victims in
New York City.

One of the lessons of the Institute of Medicine report was that governments alone
cannot achieve the objectives of public health. Organized community efforts to prevent
disease and prolong life must involve all sectors of the community, including providers of
healthcare services, local business, community organizations, the media, and the general
public. In the words of one public health leader, “Public health, unlike virtually all other
important social efforts, is dependent on its ability to obtain the participation of other
agencies to solve its problems.”!*?* Thus, public health leaders must be adept at negotia-
tion and coalition building.

Some efforts—led by the federal government with the participation of other govern-
mental and nongovernmental organizations—of the past decades are discussed elsewhere
to develop a framework for public health planning and action that involves all sectors of
the community at the local, state, and national levels.

Conclusion

As an organized community effort, public health is primarily the responsibility of gov-
ernment, although a successful public health enterprise must involve all sectors of the
community. Because the U.S. Constitution does not mention health, the states have the
primary legal responsibility for public health. In turn, local governments, as the level
of government closest to the people, provide the bulk of public health services. Despite
the lack of explicit constitutional authority, the federal government has established a
significant presence in public health. Federal agencies establish and enforce laws and
regulations on issues that need a national scope. Through its authority to tax and spend,
the federal government leads and assists state and local governments in providing public
health services.
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Charles-Edward Amory Winslow, the great public health leader of the early 20th cen-
tury, called epidemiology “the diagnostic discipline of public health.”!®* Epidemiologic
methods are used to investigate causes of diseases, to identify trends in disease occur-
rence that may influence the need for medical and public health services, and to evaluate
the effectiveness of medical and public health interventions. Epidemiology is used to
perform public health’s assessment function called for in the Institute of Medicine’s The
Future of Public Health.?

Epidemiology studies the patterns of disease occurrence in human populations
and the factors that influence these patterns. The term is obviously related to epidemic
(derived from the Greek word meaning “upon the people”). An epidemic is an increase
in the frequency of a disease above the usual and expected rate, which is called the
endemic rate. Thus, epidemiologists count cases of a disease, and ask who, when, and
where questions: Who is getting the disease? Where and when is the disease occurring?
From this information, they can often make informed guesses as to why it is occurring.
Their ultimate goal is to use this knowledge to control and prevent the spread of disease.
The science of epidemiology is examined in more detail elsewhere. This chapter aims to
give a more intuitive sense of what epidemiology is and does.
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How Epidemiology Works

The first example of the use of epidemiology to study and control a disease occurred in
London between 1853 and 1854, and it stands as an illustration of what epidemiology is
and how it works. It was conducted by a British physician, John Snow, who is known as
the father of modern epidemiology.

Snow was concerned about a cholera epidemic that had struck London in 1848.
He noticed that death rates were especially high in parts of the city with water supplied
by two private companies, both of which drew water from the Thames River at a point
heavily polluted with sewage. Between 1849 and 1854, the Lambeth Company changed
its source to an area of the Thames that was free of pollution from London’s sewers. Snow
noticed that the number of cholera deaths declined in the section of London supplied by
the Lambeth Company, while there was no change in the sections supplied by the South-
wark and Vauxhall Company. He formulated the hypothesis that cholera was spread by
polluted drinking water.?

In 1853, there was a severe outbreak of cholera concentrated in the Broad Street
area of London, in which some houses were supplied by one water company and some
by the other. This provided an opportunity for Snow to test his hypothesis in a kind of
“natural experiment,” in which “people of both sexes, of every age and occupation, and
of every rank and station ... were divided into two groups without their choice, and, in
most cases, without their knowledge .. 74?*7 Snow went to each house in which someone
had died of cholera between August 1853 and January 1854 to determine which company
supplied the water. When he tabulated the results, he found that in 40,046 houses sup-
plied by the Southwark and Vauxhall Company, there were 1263 deaths from cholera.
By comparison, in 26,107 houses supplied by the Lambeth Company, only 98 deaths
occurred. The rate of cholera deaths was thus 8.5 times higher in houses supplied by
the Southwark and Vauxhall Company than those supplied by the Lambeth Company.
This was convincing evidence that deaths from cholera were linked with the source of
water (see Table 4-1).

Snow would not have been able to test his hypothesis without the data on cholera
deaths, which had been collected by the British government as part of a system for routine
compilation of births and deaths, including cause of death, since 1839. Now, the govern-
ments of all developed countries collect data on births, deaths, and other vital stafistics.
These data are often used for epidemiologic studies.

Because it is preferable to recognize that an epidemic is occurring before many
people start dying, governments also use a system called epidemiologic surveillance,
requiring that certain “nofifiable” diseases be reported as soon as they are diagnosed.
These are usually infectious diseases whose spread can be prevented if the appropriate
actions are taken. In the United States, approximately 60 diseases have been identified
by law as notifiable at the federal level, including, for example, tuberculosis, hepatitis,
measles, and syphilis. Some states require reporting of additional infectious diseases.
There may also be requirements for reporting birth defects, cancer, and other noninfec-
tious conditions. All physicians, hospitals, and clinical laboratories must report any
case of a notifiable disease or condition to their local health department, which in



A Typical Epidemiologic Investigation—Outbreak of Hepatitis

Table 4-1 Deaths from Cholera by Company Supplying Water to the

Household
Number of Deaths from Deaths per
Water Company Houses Cholera 10,000 Houses
Southwark and 40,046 1263 315
Vauxhall Company
Lambeth Company 26,107 98 37
Rest of London 256,423 1422 59

Data from J. Snow, “On the Mode of Communication of Cholera” (London: John Churchill, New Burlington Street,
England, 1855).

turn reports to the state health department and the Centers for Disease Control and
Prevention (CDC). The timely reporting of cases of notifiable diseases allows public
health authorities to detect an emerging epidemic at an early stage. Measures can then
be taken to control the spread of infectious diseases, as discussed later in this chapter.
Reporting of chronic diseases is less widespread, but some public health agencies have
urged a system to monitor conditions such as birth defects, Alzheimer’s disease, asthma,
and a variety of cancers.’ Such a system would help to identify causes of these diseases,
including environmental causes that could be controlled or eliminated, preventing
further harmful effects.

While the surveillance system was created to control the spread of known diseases,
the established network of reporting can facilitate the recognition that a new disease may
be emerging. The first step in recognizing that a community is facing a new problem is
usually a report to the local or state health department or the CDC by a perceptive physi-
cian who notices something unusual that he or she thinks should be investigated further.
This is how AIDS came to be recognized early in the epidemic.

A Typical Epidemiologic Investigation—
Ovutbreak of Hepatitis

Hepatitis A is a notifiable disease in all 50 states. Because it is caused by a virus that
contaminates food or water, it is important to identify the source of any outbreak so that
wider exposure to the virus can be prevented. Although hepatitis is not usually fatal to
basically healthy people, it can make people quite sick for several weeks and can sometimes
require hospitalization.

Because hepatitis is a notifiable disease, the local public health department is able to
recognize when an outbreak occurs. A county may normally record only a few cases of
hepatitis each year. This is the endemic level, the background level in a population. A sud-
den increase in the number of cases signifies an epidemic and calls for an epidemiologic
investigation to determine why it is occurring.

The investigation requires asking the who, where, and when questions. This kind
of medical detective work is nicknamed “shoeleather epidemiology” The investigator
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starts with the reported cases—the who—although other, unreported cases may turn
up once the investigator starts asking questions. Each victim must be interviewed
and asked the when question: On what date did the first symptoms appear? Knowing
that hepatitis has an incubation period of about 30 days, it is possible to work back to an
estimated date of exposure. The where question is the hardest: Where did the victims
obtain their food and water during the period of likely exposure and what sources did
they have in common?

It may be that they all had eaten at the same restaurant. The epidemiologist would
visit the restaurant and might find that the chef had developed hepatitis about a month
earlier and been hospitalized; so the contamination of the food had stopped, and the
epidemic would also stop. Alternatively, the chef may have had only a mild, perhaps
unrecognized case and continued to work, thereby continuing to spread the infection.
The health department might have to close the restaurant down, if necessary, until the
chef is declared healthy.

Such investigations are a frequent task of epidemiologists at local health depart-
ments. A large number of these investigations deal with food poisoning outbreaks caused
by contamination with Salmonella or Shigella, bacteria that commonly infect carelessly
prepared or preserved food, both of which cause notifiable diseases. The Milwaukee
cryptosporidiosis outbreak was solved by such an epidemiologic investigation. Although
cryptosporidiosis was not a notifiable disease, the epidemic was recognized because it
was so severe and widespread. If the disease had been notifiable, it might have been
recognized and halted earlier. Cryptosporidiosis was added to the national list of noti-
fiable diseases in 1995. (Table 4-2) gives a list of diseases that were reportable at the
national level in 2012.

With some diseases, even a single case amounts to an epidemic. Measles, which
is highly contagious, is preventable by vaccination. Although measles immunization
for children was required by all states beginning in the 1970s, a number of measles
epidemics occurred between 1989 and 1991 on college campuses. A reported case
triggered a need for mass immunizations on campus. When epidemiologists found
that many of the affected students had been immunized as infants, they concluded
that a second vaccination was necessary for older children. The new policy put a halt
to measles epidemics on campuses. However, in recent years, parental resistance to
immunization has led to several outbreaks of this still dangerous disease, as discussed
elsewhere in this book.

Since the bioterror attacks in the fall of 2001, the CDC has added to the list of notifi-
able diseases several infectious diseases caused by potential agents of bioterrorism. The
first sign of a bioterror attack could be the report of a single case identified in a hospital
emergency room.

Legionnaires’ Disease

In July 1976, the American Legion held a 4-day convention in Philadelphia. Before the
event was over, conventioneers began falling ill with symptoms of fever, muscle aches,
and pneumonia. By early August, 150 cases of the disease and 20 deaths had been



Llegionnaires’ Disease

Table 4-2 Infectious Diseases Designated as Notifiable at the National
Level and Number of Cases Reported During 2012

Arboviral diseases, neuroinvasive and non-neuroinvasive

California serogroup virus disease 81

Eastern equine encephalitis virus disease, neuroinvasive 15

Powassan virus disease, neuroinvasive 7

St. Louis encephalitis virus disease 3

West Nile virus disease 5,673
Babesiosis 937
Botulism, total 168
Brucellosis 114
Chancroid 15
Chlamydia trachomatis infection 1,422,976
Cholera 17
Coccidioidomycosis/Valley Fever 17,802
Cryptosporidiosis 7,956
Cyclosporiasis 123
Dengue Virus infections 547
Diphtheria 1
Ehrlichiosis/Anaplasmosis 3,725
Giardiasis 15,178
Gonorrhea 334,826
Haemophilus influenzae, invasive disease 3,418
Hansen's disease/Leprosy 82
Hantavirus pulmonary syndrome 30
Hemolytic uremic syndrome, post-diarrheal 274

Hepatitis virus, acute

A 1,562

B 2,895

C 1,782
Hepatitis B perinatal infection 40
HIV infection 35,361
Influenza-associated pediatric mortality 52
Invasive Pneumococcal Disease 15,635
Legionellosis/Legionnaire’s Disease or Pontiac fever 3,688
Listeriosis 727
Llyme disease 30,831
Malaria 1,503
Measles 55
Meningococcal disease 551
Mumps 229
Novel influenza A virus infection 313

(continues)
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Table 4-2 Infectious Diseases Designated as Notifiable at the National
Level and Number of Cases Reported During 2012 (continued)

Pertussis/Whooping Cough 48,277
Plague 4
Psittacosis 2
Q fever 135
Rabies

animal 4,541

human 1
Rubella 9
Rubella, congenital syndrome 3
Salmonellosis 53,800
Shiga foxin-producing E. coli (STEC) 6,463
Shigellosis 15,283
Spotted fever rickettsiosis 4,470
Streptococcal toxic-shock syndrome 194
Syphillis 49,903
Tetanus 37
Toxic shock syndrome (other than streptococcal) 65
Trichinellosis/Trichinosis 18
Tuberculosis 9,945
Tularemia 149
Typhoid fever 354
Vancomycin-intermediate and resistant Staphylococcus aureus 136
Varicella/Chickenpox 13,450
Virbriosis 1,111

No cases of anthrax; eastern equine encephalitis virus disease, nonneuroinvasive; poliomyelitis, paralytic; poliovirus
infection, nonparalytic; Powassan virus nonneuroinvasive disease; severe acute respiratory syndrome-associated
coronavirus disease (SARS-CoV); smallpox; western equine encephalitis virus disease, neuroinvasive and non-
neuroinvasive; yellow fever; and viral hemorrhagic fevers were reported in the United States during 2012. Data on
chronic hepatitis B and hepatitis C virus infection (past or present) are not included because they are undergoing data
quality review. Leptospirosis was included as a notifiable disease in 2014.

Source: Centers for Disease Control and Prevention. [Summary of Notifiable Diseases, 2012]. Published September
19, 2014 for Morbidity and Mortality Weekly Report 2014;61(No. 53):1-121.

reported to the Pennsylvania Department of Health, and the CDC was called in to help
determine what was causing the epidemic. The investigation determined that the site of
exposure was most likely the Hotel Bellevue-Stratford, one of four Philadelphia hotels
where convention activities were held.®” Delegates who stayed at the Bellevue-Stratford
had a higher rate of illness than those who stayed at other hotels, and many of those
who fell ill had attended receptions in the hotel’s hospitality suites. However, cases also
occurred in people who had only been near, not in, the hotel, suggesting that exposure
could have occurred on the streets or sidewalks nearby. The evidence suggested that
the causative agent was airborne, but it did not appear to spread person-to-person to
the patients’ families.



Eosinophilia-Myalgia Syndrome

While the epidemiologists were conducting their investigation, they enlisted the help
of the CDC’s biomedical scientists to look for evidence of viruses or bacteria in the body
tissues of the victims. They also considered the possibility of a toxic chemical, but no evi-
dence of a cause could be found. It was not until the following January that the biomedical
scientists found the bacteria that were responsible for the epidemic, which by then was
called Legionnaires’ disease. The hotel was searched for the source of the bacteria. It was
eventually found in the water of a cooling tower used for air conditioning. Legionella
bacteria had been pumped into the cooled air and inhaled by the victims.

Once the Legionella bacteria were identified, they were found to be responsible
for a number of other outbreaks of pneumonia around the country. The bacteria were
also identified in preserved blood and tissue samples collected in 1965 from victims of
a previously unsolved outbreak of pneumonia which affected some 80 patients at St.
Elizabeth’s psychiatric hospital in Washington, DC, killing 14 of them.” Thus Legion-
naires’ disease had probably been around but had gone unrecognized as a specific dis-
ease at least since the invention of air conditioning. Federal air-conditioning standards
were changed after the Philadelphia epidemic; stringent requirements for cleaning of
cooling towers and large-scale air-conditioning systems were introduced. Outbreaks
still occur, including one in the Bronx, New York, during the summer of 2015.% Because
legionellosis is now a notifiable disease, outbreaks are recognized and control measures
implemented more rapidly.

Eosinophilia-Myalgia Syndrome
Although infectious agents are usually suspected first in any outbreak of a new disease,
epidemiologists must also consider exposure to a toxic substance as an alternative cause.
Physicians and epidemiologists found this to be the case in a puzzling outbreak first
reported in New Mexico. In October 1989, several Santa Fe doctors were comparing
notes on three patients suffering from a novel condition involving fatigue, debilitating
muscle pain, rashes, and shortness of breath. Blood tests on all three had revealed very
high counts of white blood cells called eosinophils. The doctors knew of no known condi-
tion that could explain these findings. However, they were struck by the fact that all three
patients, when questioned about drugs or medications they were taking, had mentioned
a health food supplement called L-tryptophan. L-tryptophan is a “natural” substance, a
component of proteins, that had been publicized as a treatment for insomnia, depression,
and premenstrual symptoms. Believing that more than coincidence was involved in these
three cases, the doctors reported them to the New Mexico State Health Department.’
The Health Department reported the cases to the CDC and began an investigation to
determine whether additional cases existed and whether there was a consistent link with
L-tryptophan. By searching the records of clinical laboratories in Santa Fe, Albuquerque,
and Los Alamos, they discovered 12 additional patients whose blood had exhibited high
white-cell counts since May 1. A team of health department investigators interviewed these
12 people and found that they all had used L-tryptophan. They also interviewed 24 people
of the same age and sex as the patients who lived in the same neighborhoods—a control
group—and found that only two had taken the supplement. This strongly suggested that
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there was a link between L-tryptophan exposure and the illness. The CDC notified other
state health departments, which conducted their own investigations, and by November 16
the CDC received reports from 35 states of 243 possible cases of the new disease, called
eosinophilia-myalgia syndrome (EMS). On November 17, the Food and Drug Administra-
tion announced a nationwide recall of products containing L-tryptophan. The publicity
brought forth a flood of new reports of the syndrome, but then new cases began to drop
off. By August 1,1992, 1511 cases had been reported by all 50 states. Many patients were
left with permanent disabilities and 38 people had died, but the epidemic was over."

Why had this natural substance caused such severe consequences? L-tryptophan
is an amino acid, present in many foods including meat, fish, poultry, and cheese. It is
also added to infant formulas, special dietary foods, and intravenous and oral solutions
administered to patients with special medical needs. No cases of EMS had been reported
from these products. Tests on the recalled tablets indicated that a toxic contaminant,
formed as a result of a recent change in one factory’s method of production, may have
been responsible for the epidemic of 1989. However, there is evidence that earlier, unrec-
ognized cases had occurred since the product was introduced in 1974." The fact that many
people took the supplements with no apparent harm suggests that individual variations
in susceptibility may exist.

Serious outbreaks of illness caused by toxic contamination of food, through produc-
tion errors or outright fraud, have occurred a number of times over the past few decades.
It is usually epidemiologists who identify the source of the problem. To many public
health experts, the EMS epidemic of 1989 resembled an illness with similar symptoms that
affected some 20,000 people in Spain in 1981, killing more than 300 of them within a few
months. An infectious agent had first been suspected, but epidemiologists noted an odd
geographical distribution of the outbreak. Patients lived either in a localized area south
of Madrid or in a corridor along a road north of the city. The epidemiologists found that
the affected households had bought oil for cooking from itinerant salespeople, who were
illegally selling oil that had been manufactured for industrial use.'> Laboratory scientists
investigating the nature of the contaminants and how they might have caused the symp-
toms have not specifically identified a single chemical as being responsible. They now
suspect that a range of chemicals, even at very low concentrations, may induce autoim-
mune responses in susceptible people, causing the body’s immune system to attack its own
tissues. Such outbreaks caused by toxic contamination of foods and drugs may be much
more common than is generally recognized.” In the cases of toxic oil syndrome and EMS,
government action to remove the contaminated product put an end to the epidemic.
However, survivors still suffer from symptoms.

Epidemiologic surveillance is a major line of defense in protecting the public against
disease. It is the warning system that alerts the community that something is wrong,
that a gap has opened in the protective bulwark against preventable disease or that a
new disease has appeared on the horizon. The sooner the surveillance system kicks in,
the sooner action can be taken to stop the epidemic. Before the health department is
notified, individual doctors are trying to cure individual patients, often unaware that the
problem is more widespread. After the epidemic is recognized, all the resources of the



Heart Disease

community—local, state, or national—can be mobilized to prevent the disease’s spread.
Whether it uses vaccination campaigns against measles, isolation of hepatitis-infected
food workers, new regulations on air conditioning systems, or recall of contaminated
food or drugs, the government must act to protect the health of the public. Epidemio-
logic surveillance has become even more important as concerns about bioterrorism
have increased.

Epidemiology and the Causes of Chronic Disease

Epidemiology has had a different role to play in investigating the causes of the diseases
common in older age, such as cancer and heart disease, which are quite different from
infectious diseases or acute poisoning. Until the mid-20th century, these conditions were
thought of as a natural part of aging, and no one thought to look for causes or tried to
prevent them.

Cancer, heart disease, and other diseases of aging do not have single causes. They
tend to develop over a period of time, are often chronic and disabling rather than rapidly
fatal, and cannot be prevented or cured by any vaccine or “magic bullet” The best hope
for protecting the public against these diseases is to learn how to prevent them, or at least
how to delay their onset. Prevention, however, requires an understanding of the cause
or causes of a disease and the factors that influence how it progresses. Epidemiology has
made major contributions to the current understanding of the causes of heart disease and
some cancers and what can be done to prevent them. Epidemiologic studies will continue
to yield information on how people can protect themselves against cancer, Alzheimer’s
disease, and other aftlictions of aging.

Epidemiologic studies of these chronic diseases are much more complicated and
difficult than investigations of acute outbreaks of infectious diseases or toxic contamina-
tion. Except for the clear link between smoking and lung cancer (discussed later in this
chapter), most chronic diseases cannot be attributed to a single cause. There may be many
different factors that play a part in causing a disease, factors that epidemiologists call
“risk factors.” The long period over which these diseases develop also contributes to the
difficulty of determining the causative factors. Epidemiologists must determine which of
a person’s many experiences over the previous decades are relevant, and what significant
exposures might have occurred 10 or 20 years ago that may have increased the person’s
risk of developing the disease today.

Epidemiology has developed a number of methods to study chronic diseases and
to try to answer the difficult questions. This chapter describes a few of the best-known
studies that have had major impacts on understanding the causes of heart disease
and cancer.

Heart Disease

Since the 1920s, when infectious disease mortality had dropped to approximately its
current low levels, heart disease has been the leading cause of death in the United States
for both men and women. Deaths from heart disease increased dramatically during the
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FIGURE 4-1 Death Rates for Heart Disease in the United States, 1900-2013. Not age adjusted.

Data from Centers for Disease Control and Prevention, National Vital Statistics System, Historical Data, 1900-1998, www.cdc.gov/nchs/data/dvs/lead1900_98.pdf, accessed
September 12, 2015; and detailed tables of the National Vital Statistics Report 64(2), “Deaths: Final Data for 2013,” www.cdc.gov/nchs/data/nvst/nvsr64 /nvsté4_02.pdf,
accessed September 12, 2015.

first half of the 20th century, as seen in (FIGURE 4-1). After World War II, one in every
five men was affected with heart disease before the age of 60, and little was known about
why. In 1948, an epidemiologic study was launched in Framingham, Massachusetts, to
investigate factors that might be causing the problem. It was the first major epidemiologic
study of a chronic disease. More than half of the middle-aged population of the town, more
than 5000 healthy people, were examined, and data were recorded on their weight, blood
pressure, smoking habits, the results of various blood tests, and other characteristics. Two
years later, the same people were examined again, and these tests have been and continue
to be repeated every two years for the rest of their lives.*

As early as 10 years later, the Framingham Heart Study had revealed a great deal
about how to predict which of their subjects were likely to develop heart disease. The
study identified three major risk factors: high blood pressure, high blood cholesterol, and
smoking. As a result of the findings, concepts of “normal”blood pressure and cholesterol
levels changed significantly. Doctors had previously believed that blood pressure naturally
increased as people aged and that the increase was normal and healthy. The Framingham
Study found that some people maintained their youthful blood pressure and cholesterol
values as they got older and that these people remained healthier. Weight gain and lack of
exercise were found to be associated with increased blood pressure and cholesterol values
and with an increased risk of heart disease.”®

Remarkably, the Framingham findings had a major impact on the course of the
heart disease epidemic. Publicity on the information gained by the study, confirmed
and supported by other studies, persuaded some people to change their behavior and
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Lung Cancer

formed the basis of public health programs to encourage others to do the same. By the
1970s, it was clear that death rates from heart disease were falling in the United States.
The Framingham Study itself found in 1970 that the death rate over the previous 10
years had declined by 60 percent since 1950." This improvement was associated with
a decline in risk factors: In 1970, blood cholesterol levels were lower; blood pressure
was lower; and smoking was less common. These beneficial trends have continued. In
2010, the age-adjusted death rate from cardiovascular disease in the United States was
71 percent lower than it was in 1963.'¢

Meanwhile, the Framingham Study has continued and expanded, and much more
has been learned. For example, a smoker’s risk of heart disease rapidly drops back to
that of nonsmokers soon after the smoker quits; but low-tar, low-nicotine cigarettes
are no better than the old-fashioned kind in their effects on risk of heart disease."
Various forms of cholesterol have been identified, including high-density lipoprotein
(HDL) cholesterol—the “good” kind that is protective—and low-density lipoprotein
(LDL) cholesterol—the “bad” kind. Drinking alcohol in moderation has been found
to increase HDL cholesterol and to protect against heart disease. Exercise also raises
HDL levels. The scope of the Framingham Study has expanded: In 1978, the subjects
began to be given neurological examinations in addition to tests for cardiac risk fac-
tors. The investigators were watching for the development of Alzheimer’s disease in
the aging study population, hoping that they would be able to detect risk factors for
this increasingly common and tragic condition."”

An offshoot of the original study, the Framingham Offspring Study, was created
in 1971; it included about 5000 children of the original participants and their spouses.
Investigators use comparisons of risk factors within families and across generations,
hoping to sort out the roles of genetics and environment in heart disease and other
common disorders. The younger study population is being tested with more advanced
medical technologies and more sophisticated blood tests, including genetic tests. In
1994, a more diverse sampling of Framingham residents, called the Omni Cohort,
was added. Another expansion to form the Third Generation Study, which enrolled
grandchildren of the study’s original participants, was added in 2002 and a Second
Generation Omni Cohort, as well as a New Offspring Spouse Cohort, in 2003. The
diseases now being studied include diabetes, lung disorders, osteoporosis, arthritis,
eye diseases, and hearing disorders.**

Lung Cancer

Epidemiologic studies seeking causes of cancer began soon after the Framingham Study.
However, studies of most kinds of cancer had much less success than the studies of heart
disease; epidemiologists had few strong clues about possible causes or risk factors.

An exception was the link between smoking and lung cancer. Mortality from lung can-
cer had been increasing dramatically since the 1930s,as shown in (FIGURE 4-2). Because it
was logical to suppose that the cause might be something that was inhaled, the two main
hypotheses proposed to explain this increase were tobacco smoking and air pollution,
both having increased during the same period that lung cancer was rising. Several early
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FIGURE 4-2 Cigarette Consumption and Lung Cancer Deaths in the United States, 1900-2012.
Cigarette consumption is through 2011.

Data from Cigarette consumption: 1900—1994: www.cdc.gov/mmwr/preview/mmwrhtml/00033881.htm, accessed August 30, 2015; 1995-1999: www.lung.org/finding-cures
/Jour-research/trend-reports/Tobacco-Trend-Report. pdf, accessed August 31, 2015; 2000-2011: www.cdc.gov/mmwr/preview/mmwrhtm|/mmé130al.htm, accessed August 30,
2015. Lung Cancer: 1930—-2011: www.cancer.org/research/cancerfactsstatistics/cancerfactsfigures2015/index; 2012: www.cdc.gov/cancer/dcpc/data/men.htm and www.cdc
.gov/cancer/depc/data/women.htm, accessed August 31, 2015.

studies conducted in England and the United States beginning in the late 1940s questioned
lung cancer patients about their smoking habits. All of these studies found that a high
proportion of these patients were heavy smokers.

In late 1950 and early 1952, two major epidemiologic studies were started that con-
vincingly established a link between lung cancer and tobacco smoking. The British epi-
demiologists Richard Doll and A. Bradford Hill sent out a questionnaire to all physicians
in the United Kingdom, asking whether they were smokers, past smokers, or nonsmokers.
Smokers and ex-smokers were asked to provide additional information on their age at
starting to smoke and the amount of tobacco smoked, and ex-smokers were asked when
they had quit smoking. Over 40,000 doctors responded to the survey.'s

During the following years, Doll and his collaborators, by arrangement with the
British Medical Association and the Registrar General of the United Kingdom, gathered
information on which doctors had died each year and what was the cause of death. A little
over four years after the survey began, several important conclusions were apparent: First,
the death rate from lung cancer was about 20 times higher among smokers than among
nonsmokers, increasing as the amount smoked increased. Second, the death rate among
ex-smokers was lower than that of smokers and declined as the length of time increased
since the doctor had quit smoking. Third, the contrast in lung cancer mortality between
smokers and nonsmokers was the same whether the doctors lived in rural or urban areas.
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Conclusion

Therefore, the difference could not be attributed to air pollution. Fourth, deaths from heart
attacks were also significantly higher among heavy smokers aged 35 to 54 than among
nonsmokers.*

A similar study on a much larger group of people was conducted in the United States
by epidemiologists E. Cuyler Himmond and Daniel Horn. They obtained smoking histories
from almost 188,000 men aged 50 to 69 and followed them over a period of 3 years and
8 months. For all the study participants who died, they obtained the cause of death from
death certificates. Their findings confirmed and extended the results of the Doll and Hill
study of British doctors. First, cigarette smokers were more than ten times more likely
to die of lung cancer than nonsmokers. Second, cigarette smokers were about five times
more likely to die of cancer of the lip, tongue, mouth, pharynx, larynx, and esophagus
as nonsmokers. Several other types of cancer were also more common among smokers.
Third, heavy smokers (two or more packs per day) were 2.4 times more likely to die of
heart disease than nonsmokers.”

The British study continued until 1971, tracking all the doctors for 20 years, by
which time about 33 percent of them had died. The longer period of observation
confirmed the results obtained earlier. An interesting finding was that many physi-
cians reacted to the earlier reports by quitting smoking. By 1971, the average number
of cigarettes smoked per day by the physicians in the study was less than half what
it had been in 1951, and as a result, lung cancer became relatively less common as a
cause of death in this group.?’

The Framingham Study and the two lung cancer studies are examples of prospective
cohort studies, following large numbers of people over extended periods of time. These
are considered among the most reliable kinds of epidemiologic studies for investigating
causes of chronic diseases. Other such studies have been done and continue at present,
many of them seeking causes of various kinds of cancer.

Conclusion

Epidemiology is an important component of the assessment function of public health.
Epidemiologists investigate epidemics of known and unknown diseases by counting the
number of cases and how they are distributed by person, place,and time. Using this infor-
mation, they can often determine a probable cause of a new disease or a reason for an
outbreak of a previously controlled disease. This knowledge allows public health workers
to institute measures that prevent and control the spread of the disease.

An early achievement of epidemiology was the recognition in the 19th century that
cholera was spread by polluted water. In 1993, similar epidemiologic methods determined
that polluted water had caused an outbreak of cryptosporidiosis in Milwaukee. The same
approach has been successful in halting outbreaks of illness caused by toxic contamina-
tions. “Shoeleather epidemiology” by local health departments provides the front line of
defense against acute diseases. Epidemiologic surveillance, including mandatory reporting
of notifiable disease, alerts a local health department that an epidemic is beginning in time
for an agency to investigate the reasons and take preventive action.
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Epidemiology also provides information on the causes of chronic disease. Formal
long-term studies of heart disease and lung cancer provided the earliest information on the
risk factors that contributed to these diseases. The Framingham Study, which has tracked
citizens of Framingham, MA for over six decades, identified high blood pressure, high
blood cholesterol, and smoking as risk factors for heart disease. Two epidemiologic stud-
ies conducted in the 1960s—one on the smoking habits of British doctors and a similar
study on a group of 188,000 American men—indicated a clear link between smoking
and lung cancer.

Epidemiology’s role in identifying causes of disease leads directly and indirectly to
prevention and control. In some cases, regulatory action by alocal government is necessary
to eliminate the conditions that are causing disease. Sometimes simply publicizing the
results of a study allows people to modify their behavior to avoid risk factors for a disease.
For example, information released in the 1950s on results from the Framingham Study
and the studies regarding smoking and lung cancer contributed to a significant decline in
smoking in the United States,accompanied by a drop in mortality from both heart disease
and lung cancer since the 1960s. To achieve additional improvements in public health,
health agencies build on epidemiologic information to develop policy and plan programs
aimed at reducing risk and promoting health in the population.
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Epidemiologic Principles

and Methods

KEY TERMS

Association Epidemic curve Prevalence
Case-control studies Incidence Probability
Cohort study Intervention study Randomized
Double-blind Mortality rate Relative risk
Experimental group Placebo

This chapter examines epidemiology more closely, defining some of its basic terms and
describing how epidemiologists use the terms to describe the patterns of disease occur-
rence. The chapter also explains the different kinds of epidemiologic studies, with examples
of the types of information each form of epidemiologic study can provide.

Epidemiology is defined as “the study of the distribution and determinants of disease
frequency in human populations” (emphasis added).!® Each of these terms must be
clearly understood.

First, the epidemiologist must define the disease in a clear way so that there is no
doubt about whether an individual case should or should not be counted. Some dis-
eases are easier to identify than others. In a hepatitis outbreak, the symptoms are fairly
nonspecific, and not every patient who comes to an emergency room with vomiting and
diarrhea has hepatitis. Therefore, the epidemiologist must include the results of blood tests
for liver function in his/her case definition. In a study of deaths from gunshot wounds,
on the other hand, the cases are fairly easy to count since virtually 100 percent of deaths
are reported, and the cause of death is usually identified easily and listed on the death
certificate. With a new disease like eosinophilia-myalgia syndrome, working out the case
definition might be the most important part of the investigation.

In defining a disease to be studied, epidemiologists use the term “disease” broadly:
“Health outcome” is a more accurate but cumbersome description of what is to be studied.
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For example, epidemiologists might study the frequency and distribution of high blood
cholesterol, which is not a disease but is related to the risk of heart attack, or they might
study injuries due to traffic accidents, which are not diseases but are certainly significant to
health. In both cases, an epidemiologic study may point to ways of preventing the negative
health outcome.

In measuring disease frequency, it is necessary not only to count the number of
cases but to relate that number to the size of the population being studied, yielding a
rate. Six cases of Legionnaires’ disease among 1000 vacationers on a cruise ship, as hap-
pened in June 1994, is of much greater concern than if the same number of cases were
diagnosed in the whole country. In calculating a rate, the denominator is generally the
population at risk. The rate of ovarian cancer in a city of one million, for example, would
be calculated by dividing the number of cases by the female population, not the total
population of the city.

Two kinds of frequency measures are commonly used in epidemiology: incidence
rates and prevalence rates. Incidence is the rate of new cases of a disease in a defined popu-
lation over a defined period of time. For notifiable diseases, it is ascertained by counting
cases reported to the local or state health departments and dividing by the population
at risk. Incidence measures the probability that a healthy person in that population will
develop the disease during that time. Incidence rates are useful in identifying causes
of a disease. For example, the incidence of birth defects in Europe rose dramatically in
1960 after the introduction of thalidomide, a drug used in sleeping pills. This sudden
increase and its timing aroused suspicions that thalidomide use by pregnant women
was the cause of limb deformities in their infants, a suspicion that was soon confirmed
by epidemiologic studies.?

Prevalence is the total number of cases existing in a defined population at a specific
time. It would generally be measured by doing a survey. Incidence and prevalence are
related to each other, but the relationship depends on how long people live with the disease.
A disease with high incidence could have a low prevalence if people recover from it rapidly,
or if they die from it in a short period of time. However, for chronic diseases that are not
lethal—arthritis, for example—the prevalence will be much higher than the incidence.
For most diseases, prevalence rates change slowly and are less useful for epidemiologic
studies. They are most useful in assessing the societal impact of a disease and planning
for healthcare services.

Death rates, or mortality rates (the incidence of death), are often used as a measure of
frequency for diseases that are usually fatal. Death rates are close to incidence rates for the
most lethal diseases, such as pancreatic cancer. For diseases such as breast cancer, which
many women survive, the mortality rate will be much smaller than the incidence rate.
Death rates are not at all useful as a measure of frequency for diseases that are rarely fatal,
such as arthritis.

The distribution of disease is comprised of the answers to the who, when, and where
questions. The who question characterizes the disease victims by such factors as age, sex,
race, and economic status. For example, the incidences of cancer and heart disease are
greater in older people; measles and chicken pox occur more often in the young. Old



Epidemiologic Principles and Methods

women and young men are more likely to suffer broken bones than old men and young
women. During the early months of the AIDS epidemic, the answer to the who question was
gay men and intravenous drug abusers. This information led to some obvious hypotheses
as to how the disease was transmitted.

The when question looks for trends in disease frequency over time: Is the incidence
increasing, decreasing, or remaining stable? The incidence of lung cancer in American
men, for example, increased steadily from the 1930s to about 1990, when it peaked and
began to decrease. Meanwhile, the incidence of stomach cancer has been declining. Posing
another kind of when question, epidemiologists look for seasonal variations in incidence.
The incidence of respiratory infections is always higher in the winter.

The when question is crucial in tracking an outbreak of infectious diseases such as
hepatitis and legionellosis. Epidemiologists construct epidemic curves, like those shown
in Figures 5-1 and 5-2, by plotting the number of cases identified over a period of time.
(FIGURE 5-1) shows the epidemic curve for the 1976 outbreak of Legionnaires’ disease in
Philadelphia. It is clear from the epidemic curve that most of the victims were exposed to
the virus at about the same time, and therefore, probably from the same source. Comparing
the dates of onset with the dates of possible exposure, epidemiologists calculated an incu-
bation period of 2 to 10 days. An epidemic curve such as the one shown in (FIGURE 5-2)
is typical of a disease that has been passed from one person to another.
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FIGURE 5-1 Epidemic Curve for Legionnaires’ Disease Outbreak

Data from the Centers for Disease Control and Prevention, Steps of an Outbreak Investigation, 2004. www.cdc.gov/publichealth101
/documents/introduction-to-epidemiology.pdf, accessed August 25, 2015
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FIGURE 5-2 Number of Confirmed Measles Cases, by Date of Rash Onset, by 3-Day Interval—
Anchorage, Alaska, August 10-November 23, 1998

Reproduced from U.S. Centers for Disease Control and Prevention, Morbidity and Mortality Weekly Report 47 (1999): 1110. www.cdc
.gov/mmwr/ preview/mmwrhtml/00056144.htm, accessed September 12, 2015.

The where question looks at comparisons of disease frequency in different countries,
states, counties, or other geographical divisions. It may also look at comparisons between
urban and rural populations. The hypothesis that fluoride protects against tooth decay
arose from the observation that dental cavities were less common in children who lived
in parts of the country that had high concentrations of fluoride in the water. Statistics
on causes of death in different countries can be very suggestive in generating hypotheses
about the causes of disease. The wide international variation in death rates from heart
disease has been interpreted in a variety of ways, including that diet is a factor and that
the pressures of urban life have a negative effect on health.

Thus, information on the distribution of disease gives clues about the determinants
of disease. International comparisons of cancer incidence, such as those shown in
(FIGURE 5-3), have led to hypotheses on causes of various kinds of cancer. For example,
cancer of the colon and rectum was much more common in industrialized countries
than in developing countries, which led to the hypothesis that the difference is due to
differences in diet: Americans eat meals rich in fat, meat, and dairy products, while
diets in China are traditionally high in fiber, cereals, and vegetables. Evidence that
environmental factors rather than genetics are to blame comes from studies of people
who move from alow-rate country to a high-rate country. They tend to develop higher
rates of the disease as they acquire the habits of the host country. In Japan, the rates
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FIGURE 5-3 Cancer Rates in Four Countries, 2012. Age-standardized incidence rates, cases per
100,000 population.

World Health Organization, International Agency on Research on Cancer, Globocan 2012: Estimated Cancer Incidence, Mortality and
Prevalence Worldwide in 2012, globocan.iarc.fr/Pages/fact_sheets_population.aspx, accessed August 30, 2015.

of colorectal cancer more than doubled between the 1950s and the 1990s as Japanese
adopted more Western-style diets.? In the United States, colon cancer rates have fallen
dramatically since 1980. The decline has been attributed to increased use of colonos-
copy screening, during which precancerous polyps may be removed. However, only 59
percent of people aged 50 or older, for whom the tests are recommended, have actually
been screened.*

International patterns of breast cancer are somewhat similar to those of colorectal
cancer, higher in the West, lower in Asia, suggesting that similar dietary factors may play
a role.>® However, as more is learned about other risk factors for breast cancer, such as
hormonal and reproductive history, it has become clear that diet is not the whole story.®
The incidence of breast cancer in Japan is less than half the rate in the United States. Rates
of stomach cancer are much higher in China and Japan than in the United States, evidence
that different dietary factors may be involved; diets high in smoked foods, salted meat or
fish, and pickled vegetables increase the risk of stomach cancer. However Helicobacter
pylori, the bacteria that cause ulcers, also play an important role in causing stomach
cancer.’

The relevance of the who and when questions is clearly illustrated in the evidence that
smoking is a determinant of lung cancer. Men began smoking cigarettes early in the 20th
century, and lung cancer rates began rising 20 years later. Women did not begin smoking
in large numbers until the 1940s and 1950s. Lung cancer rates for women did not begin
to rise sharply until the 1960s.
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Why are broken bones in young people more common in males, while among the
elderly, they are more common in females? This question leads to an investigation of the
determinants of broken bones. It turns out that these injuries in boys and young men are
usually the result of accidents stemming from reckless behavior, in which males are more
likely to engage than females. In the elderly, however, broken bones are usually the result
of osteoporosis, or weakening of the bones, which is more common in older females.

Epidemiology studies human populations, usually using observational rather than
experimental methods. The alternative approach to investigating causes of disease is the
biomedical approach, often using animal models of the disease. There are advantages
and disadvantages to each approach. Experiments done on animals can yield clear
answers as to cause and effect, while for ethical reasons experiments cannot usually
be done on humans. However, there are always uncertainties about the relevance of
animal studies to humans and whether the findings in animals can be extrapolated
to people.

Kinds of Epidemiologic Studies

Answers to the who, when,and where questions provide clues about the causes of a disease
or the source of an outbreak. This type of analysis is called descriptive epidemiology. The
hypotheses generated by descriptive epidemiology are tested by formal epidemiologic
studies, designed to confirm or disprove the hypothesis. For example, in investigating the
eosinophilia-myalgia syndrome (EMS) outbreak in New Mexico, epidemiologists found
an apparent link with the use of L-tryptophan. To test the hypothesis, they conducted a
study comparing 12 cases of EMS with 24 controls, a case-control study (described later
in the chapter) that confirmed the link.”

Epidemiologic studies are sometimes referred to as being prospective or retrospective.
Prospective studies start in the present and monitor groups of people into the future, or
they may start at a point in time in the past and look forward from there. Retrospective
studieslook into the past for causes of diseases from which people currently suffer.In both
cases, investigators are looking for associations between exposure to the suspected causative
factor and disease (or other health outcome).

Intervention Studies

Intervention studies are the exception to the rule that epidemiologists do not do experi-
ments. These studies are conducted in very much the same way as those of laboratory
experiments on animals. They are usually done to test a new treatment for a disease, such
as a chemotherapy drug for cancer, or a preventive measure, such as a vaccine. In a clinical
trial, one group is exposed to the intervention, while a control group is not exposed. The
investigators then watch and wait to see whether the response of the treatment group is
different from that of the control group. Of course, only a limited number of interventions
lend themselves to being tested in clinical trials for ethical reasons or because a trial is
too difficult to conduct. In testing treatments for serious diseases, there must be enough
doubt about the effectiveness of the intervention to justify withholding it from people who
could be helped and enough evidence that it will not harm the people on whom it is tested.
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The control group may be given a placeho—an inactive substance similar in appear-
ance to the drug or vaccine being tested. When a treatment for a disease is already known
to exist, trials may compare the new treatment with the existing treatment. The purpose
of the placebo is to prevent subjects from knowing whether they are receiving the inter-
vention. Many trials over the years have found that up to a third of patients respond to a
placebo as if it were the intervention, reporting that they feel better or that they suffered
side effects. This is the placebo effect. The drug being tested must show a higher response
rate than the placebo if it is to be considered effective.

The most convincing clinical trials are conducted in a randomized, double-blind man-
ner. Randomized means that each subject is assigned to the treatment group or the control
group at random. This helps to equalize the groups with respect to unknown and known
factors that might affect the results. Double-blind means that both the patient and the doc-
tor are blind as to whether the patient is receiving the drug or a placebo. One reason that
the doctor should also be blinded is that studies have shown patients to respond more
favorably to a treatment that the doctor believes in. Another reason is to prevent the pos-
sibility that doctors might interpret the patient’s condition differently if they know how
the patient is being treated.

In a therapeutic clinical trial, both the experimental group and the control group are
composed of patients who have the disease for which a therapy is being tested. Thousands
of therapeutic trials are being conducted each year by pharmaceutical companies test-
ing new drugs. The Food and Drug Administration (FDA) requires that the safety and
effectiveness of any new drug must be demonstrated in a properly conducted clinical trial
before it can be approved for marketing.

A classic example of a randomized, double-blind clinical trial of a preventive interven-
tion is the field trial of the polio vaccine in 1954. Polio, then a greatly dreaded disease in
the United States, killed and paralyzed children and adults. President Franklin Roosevelt,
for example, had paralysis of the legs from polio, which he had contracted at the age of
39 when he was already active in politics and public service.® In 1952, 21,269 cases of
paralytic polio were reported in the United States.” The development of a vaccine by Jonas
Salk offered great hope for prevention of this scourge. Preliminary tests had shown the
vaccine to be safe and to stimulate disease-fighting antibodies in the blood of people who
had been vaccinated. Before the vaccine could be approved for widespread use, however, it
had to be tested in a clinical trial to determine if it really could protect a large number of
people against the disease. In 1954, some 400,000 school children in 11 states were given
the Salk vaccine or a “dummy” vaccine (the placebo); they were then tracked through the
end of the year to see whether they became ill with polio. The incidence of polio among the
children who had received the vaccine turned out to be less than half that of those given
the placebo vaccine.' This result demonstrated that polio immunization could reduce
the incidence of disease; in fact, the use of the vaccine (or an oral vaccine developed by
Albert Sabin in the 1960s) has virtually eliminated polio in the United States.

Another randomized controlled trial of a preventive intervention is the Physicians’
Health Study, in which 22,000 American physicians participated. Two hypotheses were
being tested: whether aspirin reduced mortality from heart disease and whether beta
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carotene decreased the incidence of cancer. The physicians were randomly divided into
four groups: those who took aspirin and beta carotene, those who were given one or the
other and a placebo, and those who were given placebos only. The trial began in 1983 and
was scheduled to run until 1995. The aspirin part of the trial was halted in 1988, however,
because it was clear by that time that the physicians taking aspirin had a much-reduced
risk of suffering a heart attack." They were only 56 percent as likely to have a heart attack
as the group taking the placebo. The beta carotene part of the trial, which continued until
1995, found no significant difference in the incidence of cancer between the group receiv-
ing the beta carotene and the placebo group.*?

The Kingston-Newburgh study of fluoride for the prevention of tooth decay was
another form of infervention study—a community trial. Before the study began, the school-
children of these two small cities on the Hudson River in New York State were similar
in general health and in the prevalence of tooth decay. For the study, fluoride was added
to the water supply of Newburgh, beginning in 1945, while Kingston’s water was not
fluoridated. Ten years later, dental examinations were conducted on the schoolchildren
in both cities. The children of Newburgh were found to have approximately half as many
decayed, missing, or filled teeth as the children of Kingston had. No adverse health effects
were found in the Newburgh children. This evidence was strongly supportive of the value
of fluoridation in preventing tooth decay."

Cohort Studies

Since such experiments are not possible for most hypotheses that epidemiologists want
to test, methods have been devised by which investigators can link exposures to results by
observation alone, without actively intervening in the lives of the study subjects. Probably the
most accurate of these methods is the cohort study. In a typical cohort study, large numbers of
people—all healthy at the time the study begins—are questioned concerning their exposures.
They are then observed over a period of time to see whether those who were exposed to the
factor being studied are more likely to develop the disease than those who were not. This
approach is similar to performing an experiment, except that the people themselves have
chosen whether they belong to the “exposed” group or the control group.

The Framingham Heart Study is a cohort study, as were the Doll-Hill and Hammond-
Horn studies of smoking and lung cancer. Another well-known cohort study, still under
way, is the Nurses’ Health Study, which since 1976 has been following some 120,000 mar-
ried female nurses, looking for factors that may be related to the development of breast
cancer and other diseases. The participating nurses have been sent questionnaires every
two years, asking about their diet, drinking and smoking habits, and use of drugs, includ-
ing oral contraceptives. The study found that nurses had a 50 percent higher risk of breast
cancer while they were taking oral contraceptives, but the risk fell back to normal after they
stopped taking them. Another finding was that regular consumption of alcohol increases
the risk of breast cancer by 10 to 40 percent.'***

Epidemiologic studies are designed to determine not only the existence of an asso-
ciation between an exposure and a disease, but also the strength of that association. The
measure of the strength of association obtained by cohort studies and intervention studies
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is the relative risk, which is the ratio of the incidence rate for persons exposed to the factor
to the incidence rate for persons in the unexposed group. A relative risk of 1.0 means that
there is no association between the exposure and the disease. A value greater than 1.0 indi-
cates an increased risk from exposure, while a value less than 1.0 indicates a decreased risk.

Doll and Hill, in their study of British physicians, found that the relative risk of lung
cancer in heavy smokers compared to nonsmokers was 23.7,a major effect.'® The calcula-
tion that led to this conclusion is shown in (Table 5-1). In the Nurses’ Health Study, the
relative risk of breast cancer for current contraceptive use is 1.5, while that for past use
is 1.0. These findings are not very dramatic but they do call for further investigation. In
the Physicians’ Health Study, the relative risk of a heart attack for men taking aspirin was
0.56." The decrease was significant enough to recommend that most older men might
benefit from this preventive measure, but the recommendation would carry much less
weight than a recommendation to stop smoking.

Case-Control Studies

In contrast with cohort studies, which start out by measuring exposure and watching for
the development of disease, case-control studies start with people who are already ill and look
back to determine their exposure. Case-control studies are much more efficient than cohort
studies in that they focus on a smaller number of people and can be completed relatively
quickly. In a case-control study, cases—people who have the disease—are compared with
controls, healthy individuals chosen to match the cases as much as possible in age, sex, and
other factors that might be relevant to the disease. The investigator asks all participants
the same questions concerning the extent of their exposure to factors hypothesized to
have caused the disease. Small case-control studies are commonly done to follow up a
hypothesis generated by “shoeleather epidemiology,” as was done in the investigation of
EMS and L-tryptophan described elsewhere in this book.

An important case-control study conducted in the mid-1980s sought the cause of
Reye’s syndrome, a deadly disease of children that occurred a few weeks after a child had
recovered from a viral infection such as chicken pox. The study tested the hypothesis that
the development of Reye’s syndrome was linked to medications the child was given during
the viral illness."” The cases were children who had been diagnosed with Reye’s syndrome
and reported a previous respiratory or gastrointestinal illness or chicken pox. Controls

Table 5-1 Relative Risk for Lung Cancer in Heavy Smokers Compared
to Nonsmokers

Lung Cancer Death Rates

Exposure Category per 100,000 Persons
Heavy smokers 166
Nonsmokers 7

Relative risk 166/7 =23.7

Data from R. Doll and A. B. Hill, “Lung Cancer and Other Causes of Death in Relation to Smoking: A Second Report on
the Mortality of British Doctors,” British Medical Journal 2 (1956): 1071-1081.
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were children who did not have Reye’s syndrome but who had recently been diagnosed
with chicken pox or a respiratory or gastrointestinal illness. Parents of the children in
both groups were asked about what medications their children had received during the
viral illness. Results of the study are shown in (Table 5-2).

Case-control studies estimate the strength of the association between exposure and
disease by calculating an odds ratio, which is an estimate of what the relative risk would
be if a cohort study had been done. The odds ratio is calculated by dividing the ratio of
exposed subjects to nonexposed subjects in the case group by the ratio of exposed subjects
to nonexposed subjects in the control group. In the Reye’s syndrome study, a link was
found with the use of aspirin during the initial viral infection. From Table 5-2, the odds
ratio is 26:1 divided by 53:87, or 42.7.

The study indicates that children who are given aspirin to treat a viral infection are
42.7 times more likely to develop Reye’s syndrome than children who did not take aspirin,
avery strong association. As a result of this study, the FDA required drug producers to put
warning labels on aspirin containers and told pediatricians to advise parents to give their
children acetaminophen (Tylenol) rather than aspirin to treat infections.

A number of case-control studies have been done seeking causes of breast cancer,a
particularly intractable problem. The results of a British study exploring a possible link
between breast cancer and the use of oral contraceptives are shown in (Table 5-3). The
cases consisted of 351 female breast cancer patients aged 45 years and younger who were
interviewed in eight hospitals between 1980 and 1984. The controls were 351 women of
similar age who were hospitalized for other conditions during the same period. All of the
women were asked whether they had ever taken oral contraceptives and, if so, for how
many years. Odds ratios were calculated for various exposures to oral contraceptives. The
results indicate that use of oral contraceptives did increase the risk of developing breast
cancer for women aged 45 and under and that the risk increases with longer exposure.
Women who took oral contraceptives for more than four years had more than double
the risk of breast cancer compared to those who had never taken oral contraceptives."”

The results of the British breast cancer study are fairly consistent with those of the
Nurses’ Health Study, indicating that oral contraceptives increase the risk of breast cancer.
However, the certainty of this conclusion is much smaller than the certainty that aspirin

Table 5-2 Use of Salicylates and Reye’s Syndrome

Cases of Reye's Syndrome Controls
Used salicylates 26 53
Did not use salicylates 1 87
Total 27 140
Odds Ratio: 20/ = A = 2262 = 427
53/87 53 x1 53

Data from D. E. Lilienfeld and P D. Stolley, Foundations of Epidemiology, 3rd ed. (New York: Oxford University
Press, 1994). Data from E. S. Hurwitz et al., Journal of the American Medical Association 257 (1987):
1905-1911.
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Table 5-3 Relative Risk of Breast Cancer by Duration of Oral
Contraceptive Use

Breast Cancer  Hospital Odds Ratio

Contraceptive Use Cases Controls (Estimated Relative Risk)
No Use 235 273 1.0
<1 year 27 26 1.2
1-4 years 43 29 1.7
>4 years 46 23 23

Data from D. E. Lilienfeld and P D. Stolley, Foundations of Epidemiology, 3rd ed. (New York: Oxford University Press,
1994). Data from K. McPherson et al., British Journal of Cancer 56 (1987): 653-660.

is a risk for Reye’s syndrome. A smaller odds ratio (or relative risk) leads to a much less
certain conclusion. In fact, a more recent case-control study that included large numbers
of women found no increased risk of breast cancer among women who had used oral
contraceptives.'® The study compared 4575 women with breast cancer with 4682 controls
and found that the relative risk of breast cancer among current users of oral contraceptives
was 1.0; among former users the relative risk was 0.9.

Conclusion

Epidemiologists study the distribution and determinants of frequency of disease in
humans. Disease frequency is usually expressed as incidence rate—the number of new
cases in a defined population at risk over a defined period of time—or prevalence rate—the
number of existing cases in a defined population at a single point in time. Incidence rate
is most useful in identifying causes of disease.

Descriptive epidemiology looks at the distribution of disease by characteristics of
the person (age, sex, ethnicity, personal habits, etc.), the place (variations by geographi-
cal areas), and the time (changes in incidence over the long term, seasonal variations, or
time since an epidemic began). This information on the distribution of disease may lead
to hypotheses about the determinants, or causes, of disease.

Hypotheses generated through descriptive epidemiology can be tested through sys-
tematic epidemiologic studies. There are several types of epidemiologic studies. Interven-
tion studies are true experiments in which subjects are assigned to either a test group
(people who receive the intervention) or a control group (people who do not receive the
intervention). The most common and rigorous type of intervention study is the random-
ized, double-blind clinical trial used to test new drug treatments or preventive measures.

For most situations in which epidemiologists wish to investigate whether a certain expo-
sure causes a certain disease, it would be unethical to conduct an intervention study. The next
best thing is a cohort study, in which subjects are questioned about their exposures and then
tracked over time, comparing the exposed group with the unexposed group to see whether
the exposed group is more likely to develop the disease. The third major type of study is the
case-control study, which begins with cases of the disease and asks questions about what
they had been exposed to, comparing their answers with those of a healthy control group.
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Epidemiologists study human populations, which limits the types of studies that can

be done. However, epidemiology has provided some of the most useful information about
factors that affect human health.
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Chapter 6

Problems and Limits of
Epidemiology

KEY TERMS
Bias Confounding variables Random variation
Case-control study Dose-response relationship Stroke

The ultimate goal of many epidemiologic studies is to determine the causes of disease.
This is generally done first by observing a possible association between an exposure and
an illness, second by developing a hypothesis about a cause and effect relationship, and
third by testing the hypothesis through a formal epidemiologic study. While the formal
study can strongly support the conclusion that a certain exposure causes a certain dis-
ease, there are many potential sources of error in drawing such a conclusion. Studies of
chronic diseases, which often have multiple determinants and develop over long periods
of time, are especially prone to error.

Problems with Studying Humans

All epidemiologic studies have the advantage of studying humans rather than experi-
mental animals; but all are also limited by that fact. Each type of epidemiologic study
has its own strengths and weaknesses.

Consider the design of an epidemiologic study to test the hypothesis that a low-fat
diet reduces the risk of heart disease. The average American already eats a high-fat diet
and has a high risk of heart disease compared with residents of many other countries,
so it should be possible ethically to compare the health of people who eat this diet with
others who have other dietary patterns.
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The randomized controlled trial, the most rigorous form of intervention study, is
the most similar in concept to a biomedical scientist’s experiment with rats. Suppose
researchers choose a group of subjects who have been eating an average American diet
and divide them randomly into an experimental group, who will be instructed to eat a
strict low-fat diet over the next five years, and a control group, who will be told to con-
tinue eating normally. Researchers will monitor both groups, watching for signs of heart
disease, and they expect that, if their hypothesis is correct, fewer people in the low-fat
group will become ill.

In fact, researchers are likely to be disappointed with the results. The problem is that
itis impossible to control the behavior of human beings under such circumstances. If the
experiment was being conducted using rats, researchers would feed them the assigned
diets and could thus be certain of the relative exposures of the two groups. With people,
however, even if researchers could find enough of them who would agree to participate
in the experiment, it is questionable whether they would remain on the appropriate diet
over the necessary length of time. People in the experimental group might succumb to
temptation and drop out of the study or lie about what they have eaten. People in the
control group might become concerned about their health and voluntarily cut back on
the amount of fat they eat. It is unrealistic to expect to succeed at a randomized controlled
trial that requires people to alter their behavior over a significant period of time, unless
the subjects have a special motivation to participate—if they are suffering from a serious
disease, for example—and participation in a trial is their only chance to have access to a
new, potentially more effective treatment.

To test the dietary hypothesis, researchers might try, instead of a randomized con-
trolled trial, a cohort study. They would choose alarge group of people who are free of heart
disease, ask them detailed questions about their diets, and then, over the next five years,
compare the health of those who already eat a low-fat diet with those who eat an average
American diet. This would not require people to change their behavior. The problem with
this scenario is that people who have voluntarily chosen to eat a low-fat diet may differ in
other respects from the group who eat the average diet. The low-fat group members are
likely be more health conscious in general. They may be less likely to smoke and more
likely to exercise, for example. These people, therefore, would have a reduced risk of heart
disease even if a low-fat diet did not have a protective effect.

The third type of study, the case-control study, has its own difficulties. In this study,
researchers would choose a group of people who already have heart disease; perhaps they
would go to a hospital and interview patients recovering from a heart attack. A compa-
rable group of people who do not have heart disease would serve as the control group.
Researchers would question people in both groups about their diets over the past five years
and decide whether the diets should be classified as high-fat or low-fat. If the researchers’
hypothesis is correct, the patients who have had a heart attack will report a diet higher
in fat than the control group. This approach also has obvious problems. People are not
likely to remember what they ate in the past, or they might be embarrassed to admit how
self-indulgent they have been. The information researchers obtain concerning exposure
in the case-control trial may not be reliable.



Sources of Error

These difficulties do not mean that no valid conclusion can be drawn from any kind
of epidemiologic study. However, they demonstrate the types of errors to which different
kinds of studies may be prone and alert researchers about what to watch out for in choos-
ing a study design and in interpreting the results.

Sources of Error

News reports of new health studies can often be confusing. Sometimes there are con-
flicting reports on the health effects of various substances. Coffee is reported to cause
heart disease; then it is reported that there is no such effect. Oat bran is reported to
prevent cancer; then it is reported to make no difference. Fish is good for your heart;
fish is full of toxic chemicals that may cause harm. All these contradictions tend to
make people distrustful of the news and uncertain about how to protect their health.
Since most of these news reports are based on epidemiologic studies, it is useful to
understand possible sources of error in such studies and how to look for the truth in
the reports.

One of the most common reasons for a study to lead to a wrong conclusion is that
the reported result is merely a random variation and that the association is merely due
to chance. As a general rule, epidemiologic studies of chronic diseases require large
numbers of subjects to draw valid conclusions. Causes of these diseases are usually
complex, and there are usually long periods between exposures to possible causes and
the development of illness, making it difficult to draw conclusions about associations
between exposure and disease. The cause-and-effect relationship is not obvious—as it
is, for example, when a bullet in the heart causes death, or exposure of an unvaccinated
child to the measles virus causes the child to develop measles in 10 to 12 days. The weaker
the relationship between exposure and disease, the larger the group of people that must
be studied for the relationship to be evident. If the group being studied is too small, a
cause-and-effect relationship is likely to be missed or a spurious relationship will show
up by chance alone. One of the reasons that the Doll-Hill and Hammond-Horn results
concerning smoking and lung cancer are so convincing is that they involved such large
numbers of subjects.

There are a number of other possible sources of error that well-designed studies
may be able to avoid. For example, the cohort study of a low-fat diet proposed previ-
ously may be invalidated by the presence of confounding variables, like smoking and
exercise. Confounding variables are factors that are associated with the exposure and that
may independently affect the risk of developing the disease. Such an error may have
occurred in a 1980s study that suggested coffee drinking could cause pancreatic cancer,
a finding that has not been replicated in other studies. Since many heavy coffee drink-
ers were also smokers, there are suspicions that the cancer was caused by the smoking
rather than the coffee.! To eliminate the errors caused by smoking as a confound-
ing variable, researchers might conduct the study only on nonsmokers. Alternatively,
there are statistical techniques for adjusting the results to compensate for confounding
variables as long as the investigator is clever enough to think of possible factors that
may affect the result and to take them into consideration when collecting the data
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and calculating the results. While the investigators in the study of coffee corrected for
smoking over the 5-year period before the cancer was diagnosed, the correction may
have been inadequate.

An interesting example of confounding occurred in a study, published in 1999 and
widely publicized, suggesting that small children were more likely to become myopic—
nearsighted—if they slept in a lighted room. In a follow-up study, investigators asked the
children’s parents about their own vision. It turned out that myopic parents were more
likely to leave lights on in their children’s rooms than parents with better vision. Their
children, therefore, were more likely to be nearsighted because they inherited the condi-
tion from their parents, not from the light exposure.

Bias, or systematic error, may be introduced into a study in a number of ways. Selec-
tion bias is a particular problem in choosing subjects for a case-control study. For example,
if the cases of heart disease are chosen from hospitalized patients recovering from heart
attacks, and the controls include hospitalized patients being treated for a digestive dis-
order that causes extreme discomfort from eating fatty foods, the study may suggest an
exaggerated effect of dietary fat on heart disease. The results would probably be differ-
ent if the controls were patients recovering from the effects of motor vehicle crashes,
whose diet might be more like the average American’s. Selection bias may also occur
when there is a systematic difference between people who choose—or are chosen—to
participate in a study and those who do not. For example, in a 1988 case-control study
that found exposure to high electromagnetic fields (EMF) from power lines increased
the risk of childhood cancer, the controls were chosen by a process of telephone random
digit dialing until a child was located who matched a case by age and sex. Cases and
controls were compared, and cases were found to have had a higher exposure to EMF.
However, the cases also were also found to be of lower socioeconomic status; they were
more likely to live in areas of high traffic density, and their mothers were more likely
to smoke. The random-digit dialing had created a bias: Because poor families were less
likely to have a telephone, or less likely to have an answering machine and to return calls,
the control group was more affluent and consequently was less exposed to confounding
poverty-associated factors.!

An extreme example of selection bias—one that no well-trained epidemiologist
would make—was seen in the report of the author Shere Hite on male and female
relationships. Out of 100,000 questionnaires on women’s attitudes about men and sex
that Hite distributed, only 4500 replies were received. Hite reported that 84 percent
of the women in the study were dissatisfied with their intimate relationships, results
that were widely publicized. The low response rate suggests that selection bias was
operating and that the most dissatisfied women were responding preferentially to the
survey.’

Cohort studies, which tend to extend over many years, are likely to suffer from a form
of bias caused by people dropping out or being untraceable when results are being sought.
If people who get sick drop out at a different rate from those who remain healthy, the
results will be compromised. Subjects who are lost to follow-up may be more likely than
those who are traceable to have entered an institution or to have moved in with family,
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indicating a serious health problem. A high dropout rate casts doubt on the results of any
epidemiologic study.

Reporting bias or recall bias is a common problem in case-control studies. It occurs
if the study group and the control group systematically report differently even if the
exposure was the same. Subjects’reports of their dietary intake are notoriously unreliable.
For example, underweight individuals consistently overreport their fat intake, while obese
individuals underreport it.! Similarly, studies attempting to relate certain diseases to
alcohol consumption may suffer from reporting bias because people who drink heavily
tend to underreport their consumption. Case-control studies that attempt to determine
causes of birth defects are especially subject to recall bias, since the mother of a child
born with a malformation is likely to have thought a great deal about what might have
caused the problem, while mothers of healthy children would be less likely to notice an
unusual exposure.

Proving Cause and Effect

For the most part, epidemiologic studies, no matter how well designed to avoid error, can-
not prove cause and effect. In fact, that is why epidemiologists usually speak of risk factors
rather than causes. However, there are several factors that can be combined to make the
cause-and-effect relationship almost certain.

First, as discussed previously, a study with a large number of subjects is more
likely to yield a valid result than a small study. Second, the stronger the association
measured between exposure and disease—the higher the relative risk or odds ratio—
the more likely that there is a true cause-and-effect relationship. For example, the
Reye’s syndrome case-control study found a 42.7 odds ratio from exposure to aspirin
during a viral infection. The British case-control study linking birth control pills to
breast cancer found only a 2.3 odds ratio, while the Nurses’ Health Study—a cohort
study—found at most a 1.5 relative risk of breast cancer from oral contraceptives.
The much stronger association found in the Reye’s syndrome study makes it highly
probable that aspirin causes the syndrome in children, while the breast cancer results
could possibly be due to some error or alternative explanation. Nevertheless, exposure
to hormones is generally accepted as a risk factor for breast cancer, as discussed in
the next section.

Third, a dose—response relationship between exposure and risk of disease is evidence
supporting exposure as a cause of the disease. Some of the earliest evidence that long-
term exposure to low levels of x-rays had adverse health consequences came from a study
comparing the mortality rates of physicians exposed to different amounts of radiation.
Radiologists had the lowest life expectancy of the three groups of specialists studied.
Ophthalmologists and otolaryngologists, who have little exposure to radiation, had the
highest life expectancy. Internists, whose exposure was intermediate, had intermediate
life expectancy, confirming a dose-response effect—the higher the dose of radiation, the
greater the effect on lifespan.*

Fourth, epidemiologic evidence is more convincing if there is a known biological
explanation for an association between an exposure and a disease. Studies suggesting that
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EMFs cause leukemia and other forms of cancer have been looked on with skepticism
because of the lack of a known mechanism by which such low energy fields could have a
biological effect. The question is unresolved. However, a number of other exposures have
been identified by epidemiologic studies as causes of disease before a biological explana-
tion was found. For example, strong epidemiologic evidence that cigarette smoking was
a major cause of heart disease existed long before there was any biological explanation,
and the mechanism is still not well understood.

The most important indication that an epidemiologic result is valid is that it is con-
sistent with other investigations. If several independently designed and conducted studies
lead to the same conclusion, it is unlikely that the conclusion resulted from bias or other
error. If the reports are conflicting, however, people must be wary of accepting any of the
results.

Epidemiologic Studies of Hormone
Replacement Therapy—Confusing Results

When women reach menopause at age 50 or so, their natural production of the hormone
estrogen drops significantly. Many women at this stage of life begin to have menopausal
symptoms that can be troubling: hot flashes that disturb their well-being during the day
and their sleep at night and vaginal dryness that causes discomfort and interferes with
sexual activity. Prescription of estrogen supplements relieves these symptoms, and this
treatment became popular in the 1960s. Estrogen was promoted to help keep women
“feminine forever” as promised in a best-selling book of that title by Robert Wilson,
published in 1966.” Large numbers of postmenopausal women took the hormone in the
hope that it would keep them looking and feeling younger, improve their memory, and
stave off other effects of aging. When evidence appeared in the 1970s that women tak-
ing estrogen had an increased risk of uterine cancer, the problem was averted by adding
another hormone, progesterone, to the prescription. Progesterone countered the effect
of the estrogen on the uterus without appearing to diminish its positive effects on other
organs. There was good reason to believe that these female hormones protect women.
Rates of cardiovascular disease are well known to be much lower among women than
men until middle age, increasing after menopause to match the rates among men. And
older women are much more likely to suffer from osteoporosis, thinning of the bones
that leads to fractures. It was reasonable to think that hormone supplements might also
protect women against these problems.

Numerous epidemiologic studies over the years supported the protective role of
estrogen for bones and hearts. Most notably, the Nurses’ Health Study, the large cohort
study, ongoing since 1976, found that women taking hormone therapy had a 61 percent
lower risk of heart disease and a 75 percent lower risk of hip fractures.® These studies
found small increases in breast cancer risk, but the trade-oft seemed worthwhile for many
women. In 1999, approximately 38 percent of postmenopausal women in the United States
were using hormone-replacement therapy (HRT').”

Then in July 2002 the news broke that HRT was not as beneficial as it had seemed.
The previous positive evidence had all come from observational studies. Meanwhile, a
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huge clinical trial, called the Women’s Health Initiative (WHI), had been under way since
1991. The researchers announced in 2002 that the WHI had been stopped early on the
basis that the risks had been found to outweigh the benefits.* Women randomly assigned
to take a combination pill of estrogen plus progesterone were found to have a higher risk
of breast cancer than women taking a placebo, which was not surprising. The surprise
was that women taking the pill were also found to have a higher risk of heart attack, stroke,
and blood clots. The women in the experimental group had fewer hip fractures and fewer
cases of colorectal cancer than the control group, but this protective effect was not enough
to outweigh the risks.

The news from the WHI study seemed to contradict the overwhelming evidence from
cohort studies that HRT protected women against heart disease. However, the WHI was
a clinical trial, the gold standard of epidemiologic studies, and thus was much less likely
to be subject to bias. Many women stopped taking HRT when the news came out, and the
drug’s sales fell by 50 percent within six months.’

Since reports of the study were published, epidemiologists have been struggling to
understand why the two studies produced such conflicting results. There are still many
unanswered questions, but one important factor seems to be selection bias. Women in
the observational studies who chose to take hormones were healthier to begin with and
had healthier habits than the women who did not take the hormones. Many other fac-
tors appear to be involved, including biologic differences between the women in the two
types of studies (women in the Nurses’ Health Study were younger and thinner than the
women in the WHI); there is also a bias stemming from the fact that cohort studies tend to
miss adverse events that occur very soon after a therapy is begun, and the cardiovascular
risk from HRT is highest during the first year after beginning therapy.'®!! Evidence sup-
porting some of the WHI conclusions emerged in 2006 when routinely collected cancer
data revealed that breast cancer incidence in the United States had dropped significantly
in 2003 and 2004, apparently the result of so many women discontinuing use of HRT.?
Current recommendations call for HRT to be used only short-term for postmenopausal
symptoms.

Ethics in Epidemiology

Most epidemiologic studies are observational and have little potential for harm. There are
exceptions, however, especially in the conduct of intervention studies. Nowadays, strict
ethical limitations apply in any study involving humans. These rules were developed in
reaction to abuses such as those by Dr. Joseph Mengele, who conducted medical experi-
ments on concentration camp prisoners during World War II. Ethical abuses have not
been limited to Nazi war criminals, however. At one time, medical researchers in the
United States were not overly concerned with the rights of the experimental subjects,
who were often poor patients or captive populations such as prisoners or inmates of
mental institutions. That changed in 1972, when news of the Tuskegee syphilis study
shocked the nation.

Syphilis was a dread disease for hundreds of years, inspiring some of the same
moral revulsion as AIDS has sometimes done more recently. Spread by sexual contact,
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syphilis had an unpredictable course that, over a variable number of years, could
lead to a range of grim symptoms, including blindness, heart disease, dementia, and
paralysis. It was sometimes treated with an arsenic-containing drug called salvarsan,
which had been shown to cure syphilis in rabbits but which was not always effective
in human patients and sometimes killed them. Some scientists suspected that the
disease was not as uniformly dire as its reputation suggested and that the treatment
might be worse than the disease. This conclusion was supported by the results of a
Norwegian study of untreated syphilis done during the early part of the 20th century,
which found that up to 75 percent of the patients were symptom-free after more than
20 years of the disease."?

In 1932, the U.S. Public Health Service and scientists from Tuskegee Institute began
a similar study of about 400 black men in Macon County, Alabama, where syphilis was
rampant: 40 percent of the population suffered from the disease. The purpose was to
observe the course of the disease in these men, who were not to receive treatment. In part
because it was not common practice at the time, and in part because the subjects were
poor, black, and uneducated, the investigators did not try to explain what they intended
to do or ask the subjects’ permission. The men were told they had “bad blood” and were
enticed to participate with free “treatments” and physical examinations, free hot lunches,
and free burials. In the 1940s, penicillin was discovered and became standard treatment
for syphilis, but the Tuskegee subjects did not receive the antibiotic until after the story
broke in 1972.12

There is some question about whether the men were physically harmed by the with-
holding of antibiotic treatment. The course of the disease is complicated,and the surviving
subjects were in a late, noninfectious stage by the time penicillin was discovered, perhaps
too late to help most of them. However, this study raised a number of ethical issues, the
major one being that the men were deceived. They were not told what syphilis was or that
they were part of a study, and they were led to believe that they were receiving treatment.
Furthermore, one of the tests that was done on the subjects was a spinal tap, a painful
procedure that uses a needle to withdraw spinal fluid, which has the potential of causing
harmful side effects, including—rarely—paralysis. This treatment would not likely have
been tolerated by white, middle-class Americans, and many critics have concluded that
the study was racist. In fact, revelations about the study led many African Americans to
distrust medical research. The misconception still lingers that the men were deliberately
infected with syphilis."

The outcry that followed the publicity about the Tuskegee study in 1972 led directly
to the establishment of rules for the conduct of human experimentation. All institutions
that receive federal funds must follow these rules. The rules require that every research
subject must be informed of the purpose of a study and its risks and benefits. The sub-
jects must freely consent to participate. In addition, any such study must be approved in
advance by an institutional review board, a committee that includes representatives of
the community as well as other scientists, who must agree that the study is well designed,
that its benefits outweigh its risks, and that the subjects are truly given the opportunity
for informed consent. Clinical trials are halted if the treatment group is clearly showing
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better or worse results than the control group. This was done, for example, in the portion
of the Physicians’ Health Study that looked at aspirin’s effectiveness in preventing heart
attacks when it became clear that subjects taking aspirin were suffering fewer heart attacks
than those in the placebo group.'* It was also done in the WHI study of HRT, described
earlier in this chapter.

Even with the current strict ethical guidelines, there are a number of controversial
issues surrounding clinical trials, including whether such trials should be conducted at
all, who should participate, whether informed consent is truly possible, and whether
unproven treatments should be available outside of clinical trials.

All of these controversies came to the foreground some two decades ago in connec-
tion with the AIDS epidemic. People with AIDS knew they had a fatal disease that had no
known cure, and they were desperate. Many of them were very politically active. People
with AIDS argued that they did not have time to wait for clinical trials to test the efficacy
of every promising new drug. They wanted immediate access to any new drug that showed
promise in the laboratory, because they would prefer to try something—anything that
had the slightest chance of working—rather than face certain death. On the other side
of the argument is the history of useless therapies that have been employed for years or
decades because no one had ever done a scientific test of whether they worked. This is
a true ethical dilemma pitting the individual against society. Can we deny today’s AIDS
patient a treatment that “can’t hurt” and might help so that future patients will have access
to treatment whose effectiveness is proven? The pressure for untested therapies for AIDS
has now been eased by the development of new drugs that have been found effective in
clinical trials.

The use of bleeding by 18th-century physicians as a treatment for almost any illness is
well known. The argument for this therapy appears foolish to us today, but the absence of
curative power was not obvious to the people of the time. Similarly, tonsillectomies were
performed on more than half of all children in the 1930s through the 1950s in the belief
that the operation prevented rheumatic fever and other complications of strep throat.In
fact, there was no evidence for this benefit. It is now believed that a tonsillectomy may
make strep infection more difficult to diagnose and treat.”” Unfortunately, it is difficult
to do a randomized controlled study on a treatment that is already in wide use, because
people do not want to risk being randomized to a placebo treatment if they suspect the
active therapy is effective.

Such was the case in the 1990s with bone marrow transplant as a treatment for
advanced breast cancer. With conventional chemotherapy, a patient had a 40 percent
to 45 percent chance of living for five more years. A procedure that removed a woman’s
bone marrow, administered a much higher dose of chemotherapy than usual, and then
replaced the bone marrow, in theory gave her a better chance of surviving the cancer.
However, the procedure was itself arduous and risky, subjecting the woman to a 5 per-
cent chance of dying of complications of the treatment. It was also expensive, costing
up to $200,000. The National Cancer Institute sponsored three large national trials of
bone marrow transplants for breast cancer. The trials required women to be randomly
assigned to the transplant group or to conventional therapy. Many were reluctant to
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participate in a trial because they wanted the most aggressive treatment, perceiving
that this offered them their last best hope for survival. There were questions whether
it was ethical to deny women the chance to choose the procedure, forcing them into
a trial. On the other hand, might the practice of offering the transplant outside of a
trial be unethical because surgeons and hospitals have a conflict of interest, perhaps
influencing patients to choose a treatment from which they—the surgeons and hos-
pitals—stand to profit financially? Insurance companies were forced through lawsuits
and political pressure to pay for these expensive and arduous procedures without
evidence that they saved lives.'®

Fortunately, enough women ultimately enrolled in clinical trials in the United States
and in other countries to test the hypothesis. Negative results began to appear in 1999,
and an analysis of results from several studies published in 2004 strongly suggested that
the intensive procedure did not lead to better survival for women who underwent it and,
in fact, led to more treatment-related deaths and adverse side effects than suffered by
the controls. As the authors of False Hope: Bone Marrow Transplant for Breast Cancer
point out, 23,000 to 40,000 American women with breast cancer had the procedure
done outside of clinical trials, while only 1000 were recruited to participate in the clini-
cal trials.'” “Although there was no deliberate effort to deceive women,” they write, “the
combined effect of salesmanship by physicians, lawyers, legislators, entrepreneurs, and
the press led one of our respondents to say, ' We were all sold a bill of goods”7»2% If the
clinical trials had not been completed, bone marrow transplant might have become the
standard treatment, although, like bleeding and tonsillectomies, it appears to do more
harm than good.

Conflicts of Interest in Drug Trials

Epidemiologic studies are complicated enough, with many opportunities to make honest
errors in interpreting them (as described earlier in this chapter), but when millions of
dollars are at stake, which is the case with clinical trials of new prescription drugs, it is
increasingly obvious that conflicts of interest often affect reported results. Randomized
controlled trials are required by the U.S. Food and Drug Administration (FDA) before
any new drug can be approved for use in the United States. Pharmaceutical companies
conduct these studies to establish the safety and efficacy of a drug and submit the results
to the FDA in search of the agency’s approval. Often, the results of these studies are also
submitted for publication to medical journals; such a publication in a reputable journal
adds to the credibility of a drug’s effectiveness.

Because randomized controlled trials are considered the best way to test drugs, and
because FDA scientists review the results of the companies’ studies, FDA approval was
generally considered evidence that a drug was indeed safe and effective. However, in the
late 1990s and early 2000s a rash of publicity about harm caused by FDA-approved drugs
raised questions about the clinical trials that supported their approval. Some of these
drugs were removed from the market after news of their harmful side effects came out;
others were required to post “black-box warnings” on their packaging, indicating that they
should be prescribed with caution. Questions were raised about the arthritis drugs Vioxx
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and Bextra, and the diabetes drug Avandia, which were suspected of raising the risk of
heart attacks; the cholesterol-lowering drug Baycol, which caused sometimes fatal muscle
damage and was removed from the market in 2001; the asthma drugs Serevent and Advair,
which in some patients appeared to exacerbate asthma attacks; and the psychotropic drug
Paxil and other antidepressants, which increase the risk of suicidal behavior in children
and young people.'®

Harmful side effects may be missed in a clinical trial because they are rare and the
number of subjects studied may be too small for them to be noted. However, the case of
Vioxx demonstrated that a company may purposely suppress negative information about
a drug during the approval process. In fact, there is now evidence that companies may
purposely bias their studies in ways that make the drugs appear safer and more effective
than they are.

Vioxx was the first of a new class of drugs called COX-2 inhibitors to be introduced in
the late 1990s. These drugs are a class of nonsteroidal anti-inflammatory drugs (NSAIDs),
used for pain relief—especially arthritis pain—and are designed to be less irritating to
the digestive system than the established, over-the-counter NSAIDs, such as aspirin, ibu-
profen, and naproxen.

Soon after Vioxx was approved by the FDA, the New England Journal of Medicine
published a report of a clinical trial conducted by drug company scientists that had found
a 50 percent reduction of serious gastrointestinal side effects in patients taking Vioxx
compared with those taking naproxen.” The same article reported that Vioxx caused a
five-fold increase in the risk of heart attacks and strokes, but the drug company, Merck,
claimed that this was because naproxen protected the heart, as aspirin was known to
do. Meanwhile, Pfizer introduced its own COX-2 inhibitors, Celebrex and Bextra. There
were high hopes for these drugs, which were also being studied for prevention of colon
cancer and Alzheimer’s disease. However, the evidence mounted that all the COX-2
inhibitors increased the risk of heart attacks. A later study found that naproxen was not
protective of the heart, although it was not harmful either.?* In 2004, Merck removed
Vioxx from the market; Bextra was withdrawn in 2005. Celebrex, and several newer
COX-2 inhibitors, are still being sold, although they are required to carry warnings of
cardiovascular risk.

These events raised many questions, however, about the way the clinical trials were
conducted and reported. The New England Journal of Medicine in 2005 published an
“Expression of Concern” accusing the Merck authors of providing misleading informa-
tion in the 1999 article.” Information that came out during lawsuits by patients who had
been harmed by Vioxx revealed that the scientists knew of three heart attacks and other
cardiovascular problems among the subjects taking the drug but had not included them
in the data submitted to the journal.

It turns out that there are many tricks used by the pharmaceutical industry to
prejudice the conclusions of clinical trials. Marcia Angell, a former editor of the New
England Journal of Medicine describes them in her 2004 book, The Truth About the Drug
Companies: How They Deceive Us and What to Do About It.** She lists seven strategies the
industry uses to bias research. One of the most common is to test a new drug in a clinical
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trial against a placebo. This seems reasonable, but the results may be misleading if there
are older, well-established drugs already in use for the same condition. The new drug
will inevitably be more expensive than the older ones—a benefit to the company—but
there is no benefit for patients unless the new drug works better, something the trial
does not test.

Drug companies use financial influence to ensure that physician-researchers come
up with results favorable to the companies. In the extreme case, companies sometimes
design clinical trials and seek academic scientists to carry them out, paying the scientists
for their work; then the company analyzes and interprets the results and decides what
should be published. Even when the scientists conduct their own research, they may be paid
as consultants to companies whose products they are studying, or they may become paid
members of advisory boards or speakers bureaus, or they may own stock in the company.
These arrangements tend to bias the researchers in favor of the companies’ products. One
survey found that industry-sponsored research was nearly four times as likely to be favor-
able to the company’s product than NIH-sponsored research.?®10®

Until recently, when a company sponsored a study, it often had the last word on
whether the results could be published at all. This led to strong publication bias: Trials
with positive results were published, while those with negative results were never
revealed. In fact, this tendency was reinforced by the preference of medical journals,
which tend not to be interested in publishing articles about treatments that don’t
work. Beginning in 2005, many reputable journals have adopted a policy of refusing
to publish reports of clinical trials unless they had been registered at the beginning
in a database of clinical trials, meaning that negative results could not be hidden. The
2007 Food and Drug Administration Revitalization Act now requires registration of
all such trials in a public database sponsored by the National Library of Medicine,
ClinicalTrials.gov.”® However, an analysis published in 2015 found that this require-
ment is not being widely obeyed.*

Conclusion

Epidemiologic studies are susceptible to many sources of error. Confounding factors may
influence the results, suggesting an association where none exists. Bias may be introduced
in the selection of cases or controls, in the reporting of exposures or outcomes, or in
the disproportionate loss to follow-up of exposed and unexposed groups. Nevertheless,
epidemiology is the basic science of public health. It is the only science of disease that
focuses on human experience.

Epidemiology cannot prove cause and effect. However, certain characteristics of well-
designed studies can make them very convincing. Studies with large numbers of subjects
are more likely to be valid than smaller studies. A strong measure of association between
exposure and disease, in the form of a high relative risk or odds ratio, is likely to indicate
a true cause-and-effect relationship. A dose-response relationship that shows increasing
risks from higher exposures adds to the validity of a study. A known biological explana-
tion for an association between an exposure and a disease makes epidemiologic evidence
more convincing than in situations when there is no known mechanism.
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While observational studies have little potential for harming people, many ethical
questions have been raised about clinical trials. In response to well-publicized abuses
of the past, clinical trials and many other epidemiologic studies are required to be
approved by committees, called institutional review boards, which ensure that the sub-
jects’rights are protected. Other ethical concerns have been raised about the availability
of treatments that have not been tested in clinical trials. On the other hand, conflicts
of interest in the clinical trials for testing safety and efficacy of new drugs, which are
required of pharmaceutical companies, have raised questions about the integrity of the
research. Drug companies, which have vast amounts of money at stake in the outcomes
of these trials, have found ways to manipulate the research to make drugs look better
than they are.

Despite its flaws, epidemiology is still of necessity the basic science of public health.
Epidemiologic data, when confirmed by repeated, well-designed studies and supported
by the results of biomedical experiments in the laboratory, provide the best certainty as
to the causes and cures of human disease.
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Chapter 7

Statistics: Making Sense of
Uncertainty

KEY TERMS

Adjusted rate False-negative Risk assessment
Biopsy False-positive Screening

Birth rate Fertility rate Sensitive
Congenital Gene Significance
Cost-benefit analysis Mammogram Specific
Cost-effectiveness analysis p value Statistics

Crude rate Rates

The science of epidemiology rests on statistics. In fact, all public health, because it is
concerned with populations, relies on statistics to provide and interpret data. The chap-
ter on the role of data in public health discusses the kinds of data governments collect
to assess the need for public health programs and evaluate public health progress. The
term statistics refers to both the numbers that describe the health of populations and the
science that helps to interpret those numbers.

The science of statistics is a set of concepts and methods used to analyze data in order
to extract information. The public health sciences discussed in this book depend on the
collection of data and the use of statistics to interpret the data. Statistics makes possible the
translation of data into information about causes and effects, health risks,and disease cures.

Because health is determined by many factors—genes, behavior, exposure to
infectious organisms or environmental chemicals—that interact in complex ways
in each individual, it is often not obvious when or whether specific factors are
causing specific health effects. There are ethical and logistical limits to the kinds
of studies that can be conducted on human populations and there are limits to the
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conclusions that can be drawn from biomedical studies on animals. Only by system-
atically applying statistical concepts and methods can scientists sometimes tease out
the one influence among many that may be causing a change in some people’s health.
Often, however, statistics indicates that an apparent health effect may be simply a
random occurrence.

The problems and limits of epidemiology are defined in large part by the uncertain-
ties that are the subject of the science of statistics. This chapter discusses the science of
statistics in more detail, describing how it is used to clarify conclusions from a study or
a test, to put numbers into perspective so that researchers can make comparisons and
discern trends, and to show the limits of human knowledge.

The Uncertainty of Science

People expect science to provide answers to the health questions that concern them. In
many cases, science has satisfied these expectations. But the answers are not as defini-
tive as people want them to be. Science has shown that the human immunodeficiency
virus (HIV) causes AIDS. But that does not mean that a woman will definitely contract
AIDS from having sex with an HIV-positive man. Her chance of becoming infected
with the virus from one act of unprotected intercourse is about one in 1000.' Similarly,
scientific studies show that as a treatment for early breast cancer, a lumpectomy fol-
lowed by radiation is as effective as a mastectomy. However, a woman who chooses
the lumpectomy still has a 10 percent chance of cancer recurrence.? Both the woman
who had unprotected intercourse and the woman who chose the lumpectomy would
dearly like to believe that they will be one of those in the majority of cases who will
have a positive outcome, but science cannot promise them that. It can only say, statisti-
cally, that if 1000 women like her have unprotected sex with an HIV-positive man, 999
probably will fare well while one will not, and if 100 women with early breast cancer
have alumpectomy with radiation, 90 probably will be cancer-free after 12 years while
10 will have a recurrence.

In many cases, there are not enough data even to give us that degree of certainty,
or the data that exist are too ambiguous to allow a valid conclusion. In 1995, the New
England Journal of Medicine published a report that the Nurses’ Health Study (a cohort
study), which had monitored 122,000 nurses for 14 years, found a 30 to 70 percent
increased risk of breast cancer in women who had taken hormone replacement therapy
after menopause.’ One month later, the Journal of the American Medical Association
published the results of a case-control study that found no increased risk from the
hormones. Some 500 women who had newly diagnosed breast cancer were no more
likely to have taken postmenopausal hormones than a control group of 500 healthy
women.* In The New York Times article reporting on the studies, each researcher is
quoted suggesting possible flaws in the other study.® There was little comfort in these
results for women seeking certainty on whether the therapy would improve their health.
According to one view, postmenopausal estrogen was clearly worth the possible risk of
cancer because it appeared to decrease a woman’s risk of heart disease and osteoporosis.
In the opposing argument, women could achieve similar benefits without the possible
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risk through exercise, avoiding smoking, eating a low-fat diet, maintaining a normal
weight, and taking aspirin. Now a clinical trial has contradicted some of the findings of
each of these studies; hormone replacement therapy has been found to increase cancer
risk and not to benefit the heart.

Contradictory results from epidemiologic studies are common. There are many pos-
sible sources of error in this kind of research, including bias and confounding, which are
factors irrelevant to the hypothesis being tested that may affect a result or conclusion.
Later in this chapter, additional factors to be considered in assessing whether to believe
a study’s conclusions are examined.

People sometimes demand certainty even when science cannot provide it, as
occurred in 1997 over the issue of whether women ages 40 through 49 should be
screened for breast cancer using mammography. Studies had shown that routinely test-
ing women aged 50 and over with the breast x-rays could reduce breast cancer mortality
in the population. However, studies done on younger women had not demonstrated a
life-saving benefit overall for this group. Routine screening of these women increases
their radiation exposure, perhaps raising their risk of cancer. It also yields many false
alarms, leading to unnecessary medical testing, and major expense. The follow-up
testing itself may cause complications, and many of the women remain anxious even
after cancer is ruled out.®

When Dr.Richard Klausner, the director of the National Cancer Institute (NCI), called
together a panel of experts in early 1997 to advise him on the issue, the panel concluded
that, for younger women, the benefit did not justify the risks and costs,and recommended
that each woman make the decision in consultation with her doctor, considering her own
particular medical and family history. The public and political response was heated: After
a barrage of media publicity, the Senate voted 98 to 0 to endorse a nonbinding resolution
that the NCI should recommend mammography for women in their 40s. A letter signed
by 39 congresswomen stated that, “without definitive guidelines, the lives of too many
women are at risk to permit further delay,” assuming that screening could save lives despite
the lack of evidence.”®!1% In the end, director Klausner, with the support of President
Clinton and Secretary of Health and Human Services Donna Shalala, recommended that
women in their forties should be screened. It seems clear that pressure from politicians
eager to get credit for supporting women’s health led to a pretense of scientific certainty
where none existed.

On this question, further analysis supported the politicians, although the benefit
is weaker for the younger age group. While the “melee that followed the meeting will
not qualify for a place in the history of public health’s most distinguishing scientific or
policy moments,” in the words of one analyst, there is now a far better understanding of
the issue and evidence that screening may be life-saving for some younger women.*®331
However, because the incidence of breast cancer is lower in women in their 40s, and the
effectiveness of mammography is also lower in the denser breasts of the younger women,
the benefit of screening is less for them. In a review of the evidence published in 2007, the
conclusion seems to echo the NCI's original recommendation that individual women,
in consultation with their doctor, should decide whether to be screened. The authors
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suggest that, “a woman 40 to 49 years old who had a lower-than-average risk for breast
cancer and higher-than-average concerns about false-positive results might reasonably
delay screening. Measuring risks and benefits accurately enough to identify these women
remains a challenge”*®2

Remarkably, the whole political uproar was repeated in 2009, when an indepen-
dent panel of experts, appointed by the Department of Health and Human Services,
issued a recommendation that routine breast cancer screening begin at age 50, not 40.
Because the recommendation was published in the midst of the public debate over
health care reform, conservative politicians cried “rationing.” As science reporter Gina
Kolata pointed out in a New York Times article, the dispute gives many people “a sense
of déja vu'® The data hadn’t changed much since the earlier debate, except that new
evidence was published in 2008 suggesting that some invasive breast cancers may
spontaneously regress, supporting the argument that screening may lead to unneces-
sary treatment.

Many people concerned about how to protect their health find it frustrating when
today’s news seems to contradict yesterday’s. As this example shows, science is a work in
progress. In the words of Dr. Arnold Relman, former editor of the New England Journal
of Medicine, “Most scientific information is of a probable nature, and we are only talk-
ing about probabilities, not certainty. What we are concluding is the best opinion at the
moment, and things may be updated in the future”!!®11

Probability

Scientists quantify uncertainty by measuring probabilities. Since all events, includ-
ing all experimental results, can be influenced by chance, probabilities are used to
describe the variety and frequency of past outcomes under similar conditions as a
way of predicting what should happen in the future. Aristotle said that, “the probable
is what usually happens.” Statisticians know that the improbable happens more often
than most people think.!® 19

One concept scientists use to express the degree of probability or improbability of
a certain result in an experiment is the p value. The p value expresses the probability that
the observed result could have occurred by chance alone. A p value of 0.05 means that if
an experiment were repeated 100 times, the same answer would result 95 of those times,
while 5 times would yield a different answer. If a person tosses a coin 5 times in a row,
it is improbable that it will come up the same—heads or tails—every time. However, if
each student in a class of 16 conducts the experiment, it is probable that 1 student will get
the identical result in all 5 tosses. The probability of that occurrence is 1 chance in 16, or
0.0625 (p = 0.0625). Thus a p value of 0.05 says that the probability that an experimental
result occurred by chance alone is less than the probability of tossing 5 heads or 5 tails in
arow. A p value of 0.05 or less has been arbitrarily taken as the criterion for a result to be
considered statistically significant.

Another way to express the degree of certainty of an experimental result is by cal-
culating a confidence interval. This is a range of values within which the true result
probably falls. The narrower the confidence interval, the lower the likelihood of random
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error. Confidence intervals are often expressed as margins of error, as in political polling,
when a politician’s support might be estimated at 50 percent plus or minus 3 percent. The
confidence interval would be 47 percent to 53 percent.'!

While p values and confidence intervals are useful concepts in deciding how seriously
to take an experimental result, it is wrong to place too much confidence in an experiment
just because it yields a low p value or a narrow confidence interval. There may be up to
10,000 clinical trials of cancer treatment under way at any time. If a p value of 0.05 is taken
to imply statistical significance, 5 out of every 100 ineffective treatments would appear to
be beneficial, errors caused purely by chance.!! Thus, large numbers of cancer treatments
could be in clinical use that are actually not effective. Other reasons that a low-p-value
study could lead to an erroneous conclusion could be bias or confounding, which are
systematic errors. The results of the study that linked coffee drinking with pancreatic
cancer were statistically significant with a p value of 0.001."* The conclusion is thought
to be wrong not because of random error but because the cancer was caused by smoking
rather than coffee drinking."?

The fact that the probable is not always what happens leads to the Law of Small
Probabilities."" The most improbable things are bound to happen occasionally, like
throwing heads 5 times in a row, or even—very rarely—99 times. This means, for
example, that a few people with apparently fatal illnesses will inexplicably recover.
They may be convinced that their recovery was caused by something they did, giving
rise—if their story is publicized—to a new vogue in quack therapies. But because their
recovery was merely a random deviation from the probable, other patients will not
get the same benefit.

Another consequence of the Law of Small Probabilities is the phenomenon of
cancer clusters. Every now and then a community will discover that it is the site of
an unusual concentration of some kind of cancer, such as childhood leukemia, and
everyone will be highly alarmed. Is there a carcinogen in the air or the drinking water
that is causing the problem? Could the cause be electromagnetic fields, which residents
blamed for the cluster of six cases of childhood cancer between 1981 and 1988 among
the pupils of an elementary school in Montecito, California?'* Under great political
pressure, the local and state government will investigate, but no acceptable explana-
tion will be found. In the case of the electromagnetic fields, it could not be proven that
they were not responsible for the cluster, but as more studies are done the evidence is
still ambiguous. Most such clusters are due to statistical variation, like an unusual run
of tails in a coin toss. Such an explanation tends to be unsatisfactory to community
residents, who may accuse the government of a cover-up; but after the investigation
the number of new cases usually returns to more or less normal levels, and the sense
of alarm subsides.

If a cluster is very large, it is likely not to be a random variation—just as in coin tossing,
50 heads in a row is a much less likely outcome than five heads unless there is something
wrong with the coin. A large number of cases is said to confer power on a study. Power
is the probability of finding an effect if there is, in fact, an effect. Thus, an epidemiologic
study that includes large numbers of subjects is more powerful than a small study, and the
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results are more likely to be valid, although systematic errors due to bias or confounding
can be present in even the largest studies.

In designing studies of any kind, statisticians can calculate the size of the study popu-
lation necessary to find an effect of a certain size if it exists. Studies with low power are
likely to produce false-negative results (i.e., to find no effect when there actually is one).
False-positive results occur when the study finds an effect that is not real (e.g., when arandom
variation appears to be a true effect). In a study of epidemiologic studies, a statistician
examined the power of each of 71 clinical trials that reported no effect. He concluded that
70 percent of the studies did not have enough patients to detect a 25 percent difference in
outcome between the experimental group and the control group. Even a 50 percent dif-
ference in outcome would have been undetectable in half of the studies." This common
weakness in epidemiologic studies is probably one reason for the contradictory results
so often reported in the news.

In the review of high-dose chemotherapy and bone marrow transplant for advanced
breast cancer, the authors addressed the question of whether the studies had enough
power to detect a significant improvement in survival for the treated women. They
concluded that at least one of the individual studies did have sufficient power, and that
the systematic review of all studies combined had the power to detect a 10 percent
difference after five years.”” Although some subgroups of women appeared to have
benefited slightly from the high dose treatment, further studies would be necessary to
demonstrate this, and no such studies are planned. The question remains of how much
difference would be clinically relevant. Would it be acceptable for a woman to undergo
the arduous treatment if her chance of survival was only 10 percent better? That is a
question that cannot be answered by statisticians.

The Statistics of Screening Tests

In public health’s mission to prevent disease and disability, secondary prevention—early
detection and treatment—plays an important role. When the causes of a disease are
not well understood, as in breast cancer, little is known about primary prevention. The
best public health measure is to screen the population at risk so as to detect the disease
early, when it is most treatable. Screening is also an important component of programs to
control HIV/AIDS by identifying HIV-infected individuals so that they can be treated
and counseled about how to avoid spreading the virus to others. As discussed later in
this volume in the section of genetic diseases, newborn babies are routinely screened for
certain congenital diseases that can be treated before permanent damage is done to the
infants’ developing brains and bodies.

While laboratory tests to be used in screening programs should ideally be highly
accurate, most are likely to yield either false positives or false negatives. Tests may be
highly sensitive, meaning that they yield few false negatives, or they may be highly specific,
meaning that they yield few false positives. Many highly sensitive tests are not very specific
and vice versa. For most public health screening programs, sensitive tests are desirable
in order to avoid missing any individual with a serious disease who could be helped by
some intervention. However, inexpensive, sensitive tests chosen to encourage testing of as
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many at-risk individuals as possible are often not very specific. When a positive result is
found, more specific tests are then conducted to determine if the first finding was accurate.
For example, if a sensitive mammogram finds a suspicious spot in a woman’s breast, the test
is usually followed up with a biopsy to determine whether the spot is indeed cancerous.

When screening is done for rare conditions, the rate of false positives may be as
high as or higher than the number of true positives,leading to a lot of follow-up testing
on perfectly normal people. Such a situation occurred in 1987 when the states of Illinois
and Louisiana mandated premarital screening for HIV.'® With the rate of HIV infec-
tion in the general, heterosexual population quite low, a great many healthy people
were unnecessarily alarmed and subjected to further tests, while very few HIV-positive
people were identified. Some couples went to neighboring states to marry to avoid the
nuisance. The programs were discontinued within a year. The problem of false positives
is also the reason why mammography screening is questionable for women in their 40s,
as discussed earlier.

There are other conditions for which screening may not be as beneficial as expected.
One of these is prostate cancer, discussed elsewhere in this text. Another is lung cancer
screening of smokers. Lung cancer is usually a fatal diagnosis; by the time most patients
suffer symptoms, it is too late for medicine or surgery to make a difference. The idea of
screening smokers so that cancers can be detected and treated earlier in the course of
the disease has been around since the 1970s and 1980s. However, at that time, the only
method of screening was to use chest x-rays, and it turned out that cancers detected by
x-ray screening were almost always too far advanced to be treatable.

In fall 2006, a paper published in the New England Journal of Medicine reported that
screening with spiral CT scans (a kind of three-dimensional x-ray) could detect lung
cancers early enough that treatment allowed 80 percent of patients to survive for ten
years, compared to a 10 percent survival rate for patients who had been diagnosed the
usual way.'” A few months later, the Journal of the American Medical Association published
another study, concluding that spiral CT scanning does not save lives and may actually
cause more harm than good.”® An analysis of the findings of the first trial revealed two
sources of bias: lead-time bias and overdiagnosis bias."”” The former may occur in all
cancer screening and must be taken into consideration before concluding that screening
saves lives. Lead-time bias occurs when increased survival time after diagnosis is counted
as an indicator of success. If early detection of a cancer does not lead to a cure, the only
result of early diagnosis is that patients will live longer with the knowledge that they are
sick before dying at the same time they would have died anyway. This appears to be the
case in the New England Journal of Medicine study of lung cancer screening. In fact, the
effects of the additional diagnostic tests and surgeries that follow the early diagnosis may
hasten the patients’ death.

Overdiagnosis bias occurs when the tumors that are detected by the screening are
not likely to progress to the stage that they cause symptoms and be life-threatening. Such
small tumors had also been found in the earlier lung cancer screening trials using x-rays.
Overdiagnosis bias is also a problem with prostate cancer screening, and perhaps with
breast cancer screening, as discussed earlier in this chapter. The only way to be sure that
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screening actually saves lives is to conduct randomized controlled trials, comparing mor-
tality among patients who are screened with that of patients who are not screened. Such
trials, together with data showing that breast cancer mortality overall has fallen in the
United States by 24 percent since 1990, have shown that mammography does save lives.>>

Rates and Other Calculated Statistics

Epidemiology makes extensive use of rates in studies of disease distribution and
determinants. Rates put the raw numbers into perspective by relating them to the size
of the population being considered. Vast quantities of health-related data are collected
on the American population, data that are used to assess the people’s health and to
evaluate the effectiveness of public health programs. For these purposes too, the raw
numbers are subjected to statistical adjustments that yield various rates useful in
making comparisons and identifying trends.

For example, knowing that a city has 500 deaths per year is not very informative unless
the population of the city is known. Death rates are generally expressed as the number of
deaths per 1000 people. Thus, 500 deaths per year is alow number for a city of 100,000, while it
is high for a city of 50,000. The overall death rate in the United States was 8.2 per 1000 people
in 2013.?' The same data may yield different rates depending on the population referred to.
Rates are usually calculated using the population at risk for the denominator. In the case of
death rates, the whole population is at risk. Birth rates are an exception; like the death rate,
the birth rate is defined as the number of live births per 1000 people. The fertility rate, by
contrast, does use the population at risk, giving the number of live births per 1000 women
ages 15 to 44. Two communities with the same fertility rate may have quite different birth
rates if one contains many young women and the other is older with a higher proportion
of men. Both rates start with the same raw number—the number of live births—but use a
different population for reference.In 2013, the birth of 3,932,181 babies in the United States

Florida’s Population is Older than Average
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led to a birth rate of 12.4 per 1000 people overall. The fertility rate ranged from 58.7 per 1000
non-Hispanic white women to 72.9 per 1000 Hispanic women.?

Other rates commonly used as indicators of a community’s health are the infant
mortality rate and the maternal mortality rate, as discussed later in this text. The infant
mortality rate is the number of infants that die before their first birthday in a year, divided
by the number of live births in that year. The maternal mortality rate is the number of
deaths among women associated with pregnancy and delivery in a year, divided by the
number of live births in that year.

For some purposes, the numbers can be made still more useful by converting crude rates
into adjusted rates. Death rates are often adjusted for the age of the population. The adjust-
ment uses a statistical calculation to make the populations being examined equivalent
to one another. For example, the crude mortality rate in Florida is much higher than the
crude mortality rate in Alaska. There is no cause for alarm in Florida, however. Since the
average age of the Floridians is significantly higher than the average age of Alaskans—in
fact many residents of other states retire to Florida and die there, while people who move
to Alaska are likely to be young—it is to be expected that a higher percentage of Florid-
ians die each year. After adjusting the mortality rate to what it would be if the average
ages of the two populations were the same, the age-adjusted mortality rate for Alaska is
higher than that in Florida, as seen in (Table 7-1). Rates may also be adjusted for other
factors relevant to health, such as gender, race, ethnicity, and so forth. For example, because
males have higher mortality rates at all ages than females, it may sometimes be useful to
calculate a gender-adjusted mortality rate for a population that has a higher proportion
than average of one gender.

Rates are also calculated on a group-specific basis. Researchers may calculate rates
for males alone or females alone, blacks, whites, Hispanics, members of other racial
or ethnic groups, and people in defined age groups. This kind of data informs us, for
example, that males have higher mortality rates than females in the same age group,
and that blacks have higher mortality rates than whites of the same sex and age. It is
common to break down death rates from various causes by age group, revealing that
different age groups are more likely to die of different causes. For example, death rates
from cancer, stroke, and heart disease increase steadily with age, except for a small peak
in deaths of infants because of congenital heart defects.?*(Tbles24-26) Death rates from
AIDS, however, are highest for the 45-to-54-year age group and fall to almost zero for
those older than 85 years.?*(™¢2*) Death rates from firearms injuries and motor vehicle
injuries are highest in the 20-to-24 age group, except that death rates from motor vehicle
injuries are higher for people over 85.23(Tbles 3139

Table 7-1 Mortality Rates for Florida and Alaska, 2013

Florida Alaska
Crude death rate per 100,000 926.3 543.7
Age-adjusted death rate per 100,000 663.4 724.4

Data from National Vital Statistics Reports 50(6) 2002, 61(4) 2013, and 64(2) 2015.
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Further calculations can be done using age-specific death rates to yield life expec-
tancies, data that is intuitively meaningful in describing the health of a population. Life
expectancy is the average number of years of life remaining to people at a particular
age, and it reflects the mortality conditions of the period when the calculation is made.
Life expectancies may be determined by race, sex, or other characteristics using age-
specific death rates for the population with that characteristic. The most common figure
used in comparing the health of various populations is the life expectancy at birth. As
seen in (FIGURE 7-1), life expectancies at birth in the United States have been increasing
since 1900. In Russia, however, life expectancies have declined since the fall of the Soviet
Union, reflecting many societal ills that have led to poorer health of the population there.
(Table 7-2) shows the life expectancy at birth for males and females of selected countries.

Another calculated concept that is sometimes used as a measure of premature mortal-
ity is years of potential life lost (YPLL). It gives greater weight to deaths of young people,
appropriate to the priorities of public health, which has the goal not of eliminating death
entirely but of enabling people to live out their natural lifespan with a minimum of illness
and disability.

Calculation of YPLL arbitrarily chooses 75 as the age before which a death is consid-
ered premature (age 65 was used before 1996). As an example, the death of a person 15 to
24 years of age counts as 55.5 YPLL before age 75. Unintentional injuries rank relatively
high in YPLL because they are likely to kill young people, who have more years to lose.
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FIGURE 7-1 Life Expectancy at Birth According to Race and Sex in the United States, Selected
Years, 1900-2013

Data from: National Vital Statistics Reports 50(6) 2002, 61(4) 2013, and 64(2) 2015.
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Table 7-2 Life Expectancy at Birth for Males and Females of Selected
Countries, 2012

Male Female
2012 2012

Country 1980 2012 Rank 1980 2012 Rank
Australia 71.0 79.9 3 78.1 84.3 7
Austria 69.0 78.4 18 76.1 83.6 12

Belgium 69.9 77.8 19 76.7 83.1 23

Canada 71.7 79.3* 11 78.9 83.6* 12
Chile — 76.3 12 — 84.0 9
Czech Republic 66.9 75.1 13 74.0 81.2 28
Denmark 71.2 78.1 19 77.3 82.1 26
Estonia 64.2 71.4 20 74.2 81.5 27
Finland 69.3 77.7 21 78.0 83.7 11

France 70.2 78.7 15 78.4 85.4 3
Germany 69.6 78.6 17 76.2 83.3 19
Greece 73.0 78.0 20 77.5 83.4 18
Hungary 65.5 71.6 21 72.8 78.7 32
Iceland 78.5 81.6 1 80.4 84.3 7
Ireland 70.1 78.7 15 75.6 83.2 21

Israel 82.1 79.9 3 75.7 83.6 12
ltaly 79.6 79.8 7 77 .4 84.8 5
Japan 73.4 79.9 3 78.8 86.4 1

Korea 61.8 77.9 4 70.0 84.6 6
Luxembourg 70.0 79.1 13 75.6 83.8 10
Mexico 64.1 71.4 33 70.2 77.3 33
Netherlands 72.5 79.3 11 79.2 83.0 24
New Zealand 70.1 79.7 8 76.2 83.2 21

Norway 72.4 79.5 9 79.3 83.5 17
Poland 66.0 72.7 10 74.4 81.1 30
Portugal 67.9 77.3 11 74.9 83.6 12
Slovak Republic 66.8 72.5 12 74.4 79.9 31

Slovenia — 77.1 13 — 83.3 19
Spain 72.3 79.5 9 78.5 85.5 2
Sweden 72.8 79.9 3 79.0 83.6 12
Switzerland 72.3 80.6 2 79.0 84.9 4
Turkey 55.8 72.0 3 60.3 77.2 34
United Kingdom 70.2 79.1 13 76.2 82.8 25
United States 70.0 76.4 14 77 .4 81.2 28

*2011 data
Modified from National Center for Health Statistics. Health, United States, 2014: With Special Feature on Adults Aged
55-64. Hyattsville, MD. 2015, Table 15.



Q4

Statistics: Making Sense of Uncertainty

Table 7-3 Years of Potential Life Lost (YPLL) Before Age 75 by Cause
of Death and Rank, 2013

Rank by
Cause of Death YPLL Rank by YPLL Number of Deaths
Cancer 1,329 1 2
Unintentional injuries 1,051 2 4
Heart Disease 952 3 1
Suicide 402 4 10
Homicide 230 5 >15
Chronic liver disease 177 6 12
and cirrhosis
Chronic lower respiratory 177 7 3
disease
Diabetes 168 8 7
Cerebrovascular disease 158 9 5
Influenza and Pneumonia 82 10 8
Nephritis, nephrotic syndrome, 66 11 9
and nephrosis
HIV disease 58 12 >15
Alzheimer's disease 11 13 6

Modified from U.S. Centers for Disease Control and Prevention, Health, United States, 2014, Table 19 and National Vital
Statistics Report 64(2), 2015, “Deaths: Final Data for 2013,” Table 9. http://www.cdc.gov/nchs/data/hus/hus14.pdf.

(Table 7-3) shows a comparison of the leading causes of death in the United States with
the leading causes of YPLL.

Risk Assessment and Risk Perception

While some statistical concepts may seem difficult and confusing, people have an intuitive
understanding of statistics affecting their everyday lives. They understand that the future is
full of uncertainties, and they intuitively try to minimize risks or at least weigh risks against
expected benefits. Their intuitive judgment of risks, however, often does not coincide with
the more scientific estimates of statisticians. It turns out that while judgments of risk by
the average person include statistical estimates that are often fairly accurate, they are also
influenced by psychological factors that should perhaps be taken into consideration by
the public health professionals.

Public health’s mission to protect the population from disease and injury requires
governments to minimize risks or at least weigh risks against expected benefits, just as
individuals do in their own lives. The formal process of risk assessment identifies events
and exposures that may be harmful to humans and estimates the probabilities of their
occurrence as well as the extent of harm they may cause.

Risk assessment is often done on the basis of historical data: For example, one may
predict that the number of motor vehicle crashes next year will be similar to the num-
ber this year, increasing or decreasing according to the trend established over the past
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several years. Risks that certain chemicals cause cancer in humans are usually estimated
by analogy with data obtained from animal studies. For many situations, however, there
is little basis on which to make comparisons. In such cases, assessing risks involves
making many assumptions, some of which may be little better than guesses. To estimate
the probability of a mishap in a new technology, various possible chains of events are
considered, and a risk for something going wrong is estimated for each step, perhaps
by analogy with conventional technology. Risks of the individual steps are then added
or multiplied to obtain a risk for the whole. This approach was used, for example, when
nuclear power plants were first introduced, and it helped engineers to identify what kind
of safety devices should be incorporated to reduce the probability of failure.** Still, the
assessment appears to have underestimated the risk at Three Mile Island, as discussed
later in this section.

Using such methods, scientists calculate probabilities that various injurious events will
occur and rank them in order, as shown in (Table 7-4). According to an analysis published
in 1987, experts said that the most risky activities and technologies were motor vehicles,
smoking, alcoholic beverages, handguns, and undergoing surgery. When the representa-
tives of the general public were asked for their perceptions of risks, however, they headed
their list with nuclear power, which was ranked 20th by the experts. Other risks that people
tend to rank higher than the experts do are electromagnetic fields, genetic engineering,
and radioactive waste.”

As a result of the apparent irrationality of the public in response to risks that the
experts estimated to be small, a field of study has developed concerning risk perception.
While experts assess risk on the basis of expected mortality as predicted from historical
data, the general public includes other considerations in its assessments. When these
additional criteria are analyzed, it appears that the public’s perception may not be so
irrational after all.

Risk perception researchers have found that people’s concern about a risk is affected
by certain associated factors. For example, familiar risks are more acceptable than unfa-
miliar ones. Risks that people perceive they have control over are more acceptable
than those that are uncontrollable. A risk with potentially catastrophic consequences
is unacceptable, even if it is highly unlikely to occur. People are more likely to accept a
risk from an activity that is perceived as beneficial, but they want the risks and benefits
to be distributed equitably.

Risk perception researchers classify risks on two scales: dread and knowability. The
more dreaded the risk, the less acceptable it is; similarly, unknown risks are less accept-
able than known risks. (FIGURE 7-2) maps various risks according to the concern they
evoke on the two scales. Thus although driving an automobile is, statistically, one of the
most risky activities, it does not arouse great anxiety because it is neither dreaded nor
unknown. Moreover, people perceive that they have control when they are driving, and
the benefit is obvious to them. Conversely, a nuclear reactor accident is highly dreaded,
and thus is perceived by the public as more risky than the experts believe it to be. People
perceive that they lack control over nuclear reactors, and the benefits of nuclear power
may not be clear to people who live in their vicinity.
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Table 7-4 Ordering of Perceived Risk for 30 Activities and Technologies

Activity or Technology
Nuclear power

Motor vehicles
Handguns

Smoking

Motorcycles

Alcoholic beverages
General (private) aviation
Police work

Pesticides

Surgery

Fire fighting

Large construction
Hunting

Spray cans

Mountain climbing
Bicycles

Commercial aviation
Electric power (nonnuclear)
Swimming
Contraceptives

Skiing

X-rays

High school and college
football

Railroads

Food preservatives
Food coloring

Power mowers
Prescription antibiotics
Home appliances

Vaccinations

League of
Women Voters

W N O O h W N —
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24
25
26
27
28
29
30

College Students

23
12
20
28
21
27
29

Experts
20

19
14
21
28
24
22
25

The ordering is based on the geometric mean risk ratings within each group. Rank 1 represents the most risky

activity or technology.

Reprinted with permission from P Slovic, “Perception of Risk,” Science 236:28. Copyright 1987, AAAS.
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Factor 2
Unknown risk

Laetrile ®

Microwave Ovens @

Water Fluoridation ®
Saccharin ®

Water Chlorination ..
Coal Tar Hairdyes ®

Oral Contraceptives ®
Valium @

Nitrites @
Hexachlorophene
Polyvinyl Chloride ®

@ Diagnostic X Rays

Darvon ® @ 1UD
Antibiotics ®
Rubber Mfg ®
® Caffeine Auto Lead ®
® Aspirin ® Lead Paint
@ Vaccines
Skateboards ®

Smoking (Disease) ®

Power Mowers ® Snowmobiles ®

Trampolines ® ® Tractors

Alcohol ®
Chainsaws ®

A ® Elevators
Home Swimming Pools ® @ Ejectric Wir & Appl (Fires)

Downhill Skiing ® @ Smoking (Fires)
Rec Boating ®
Electric Wir & Appl (Shock) ®
Bicycles ® Motorcycles @
Bridges ®

Fireworks @

® DNA Technology
® Electric Fields © ssT
® DES

® Nitrogen Fertilizers

® Cadmium Usage

. ® Radioactive Waste
® Mirex @ Trichloroethylene @ 2,45T

® Nuclear Reactor Accidents
@ Pesticides

® Asbestos Insulation

@® Uranium Mining
® PCB’s ® Nuclear Weapons Fallout
@ Mercury ® DDT @ Satellite Crashes
® Fossil Fuels

® Coal Burning (Pollution) Factor 1
Dread risk

® .AUBO_(%RBUS‘ (CO) ® LNG Storage & Transport g nerve Gas Accidents

@ Coal Mining (Disease)

@® Large Dams
® Skyscraper Fires
Nuclear Weapons (War) ®

® Underwater Const
@ Sport Parachutes
® General Aviation

® Coal Mining Accidents

® High Construction
@ Railroad Collisions
Alcohol Acmdents. Comm Aviation

@ Auto Racing

® Auto Accidents

Factor 2

® Handguns
® Dynamite

NOT OBSERVABLE
UNKNOWN TO THOSE EXPOSED
EFFECT DELAYED

CONTROLLABLE

NOT DREAD

NOT GLOBAL CATASTROPHIC

CONSEQUENCES NOT FATAL

EQUITABLE

INDIVIDUAL

LOW RISK TO FUTURE
GENERATIONS

EASILY REDUCED

RISK DECREASING

VOLUNTARY

NEW RISK

OBSERVABLE

RISKS UNKNOWN TO SCIENCE

KNOWN TO THOSE EXPOSED

UNCONTROLLABLE

DREAD

GLOBAL CATASTROPHIC

CONSEQUENCES FATAL

NOT EQUITABLE

CATASTROPHIC

HIGH RISK TO FUTURE  Factor 1
GENERATIONS

NOT EASILY REDUCED

RISK INCREASING

INVOLUNTARY

EFFECT IMMEDIATE

OLD RISK

RISKS KNOWN TO SCIENCE

FIGURE 7-2 Location of 81 Hazards on Factors 1 and 2
Reproduced from P. Slovic et al., in R. W. Kates et al., ed., Perilous Progress: Managing the Hazards of Technology (Boulder, CO: Westview Press, 1985), 108

The public’s perception about nuclear power gained credibility after the 1979 acci-
dent at the Three Mile Island nuclear reactor in Pennsylvania. According to the experts,
numerous safeguards were in place to prevent an accident, and the chance of a serious
breakdown was remote. In fact, the safety systems worked to the extent that there was no
disaster; no one was killed, and there was no significant radiation leak. Nevertheless, the
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fact that the breakdown occurred at all sent a signal that the experts may have underesti-
mated the risks. Public opposition to nuclear power increased dramatically, and stricter
requirements for reactor safety were imposed, raising construction and operating costs.
The 1986 reactor meltdown at Chernobyl, in the Ukraine, further squelched interest in
nuclear energy in the United States, as did the 2011 accident at the Fukushima Daiichi
plant in Japan. No new plants have been opened in the United States, although a handful
are under construction.” Concern about climate change caused by the burning of fossil
fuels alters the risk-benefit balance for nuclear power.

An interesting example of anomalous risk perception—one that is of great relevance
to public health—is the paradox that adolescents so often engage in activities that they
“know” to be dangerous, such as smoking, drunk driving, drug use, and unprotected
sex. Studies aimed at understanding why teens engage in health-threatening behaviors
can help to design interventions to prevent such behaviors. In the case of smoking, for
example, surveys have shown that teenagers can fairly accurately predict the probability
that smokers will die of lung cancer and other diseases. However, the same surveys have
found that teenage smokers perceive themselves to be at little or no risk. It turns out that
they plan to quit smoking in the next few years, an inaccurate perception because they
underestimate the addictive nature of nicotine and the difficulty of quitting once they are
addicted.” Tobacco control programs, then, can be focused on convincing adolescents
that tobacco companies are trying to lure them into addiction.

Cost-Benefit Analysis and Other
Evaluation Methods

Other types of statistical calculations are frequently carried out as part of public health
decision making. One of these is cost-benefit analysis, discussed earlier in this text in
relation to the controversy over setting occupational exposure limits to benzene.

Cost—benefit analysis weighs the estimated cost of implementing a policy against the
estimated benefit, usually in monetary terms. In the benzene example discussed previ-
ously, the industry argued that setting a low exposure limit would be very expensive and
that the benefit in lives saved would be small. Part of the difficulty in conducting such
an analysis is the determination of what monetary value to place on a life saved. In other
situations, the analysis provides a clearer justification for a program. For example, an
analysis of the costs and benefits of immunizing children against measles, mumps, and
rubella—comparing the costs of the immunization program with the costs of caring for
the thousands of patients whose disease would not have been prevented if no immuniza-
tions had been done—yielded a 13 to 1 ratio of benefits to costs.”

Another evaluation technique is cost-effectiveness analysis, which compares the effi-
ciency of different methods of attaining the same objective. For example, it may be so
expensive to prevent heart attacks in healthy men by prescribing cholesterol-lowering
drugs that a cost-effectiveness analysis would conclude that it is cheaper to skip the drugs
and provide cardiac care for the men who do suffer an attack. Cost-benefit analysis and
cost-effectiveness analysis “cannot serve as the sole or primary determinant of a health
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care decision,” according to a congressional report, but the process of identifying and
considering all the relevant costs and benefits can improve decision making.?®2!1)

Conclusion

The world is full of uncertainty. Science may not always be able to provide answers to
people’s questions. Statistics is a way to learn, at least, how certain people can be about
what they think they know.

Statistics is a tool widely used in public health. Most epidemiologic studies and
most studies in the other public health sciences depend on statistics to analyze data and
interpret findings. Statistical analyses can establish the probability that what was observed
occurred by chance alone. A measure commonly used to indicate the probability that a
study finding is the result of chance is the p value. Even when a low p value indicates that
aresult is statistically significant, there is still a chance that the result is not valid, even if
all sources of bias are ruled out. Studies with large numbers of subjects are more likely
to be valid than small studies, although sources of error other than random variation
are still possible in large studies.

Knowledge of statistics is also important in evaluating screening tests, used as a
secondary prevention approach to detect diseases so that they can be treated at an early
stage. Tests that are highly sensitive tend to yield false positives, while tests that are highly
specific tend to yield false negatives. Most screening programs use sensitive tests and
follow up positive results with more expensive tests that are both highly sensitive and
highly specific. For conditions that are rare in the population being screened, the rate of
false positives may be higher than the rate of true positives. Screening programs are also
subject to biases, such as lead-time bias and overdiagnosis bias, which may make them
less useful for saving lives than expected.

To put numbers into perspective, they are often converted into rates. Rates are useful
in epidemiology and as a way of understanding the importance of the vast quantities of
data used for assessment of the public’s health and evaluation of public health programs.
Rates commonly used as public health indicators are mortality (death) rates, birth rates,
fertility rates, infant mortality rates, and maternal mortality rates. Rates may be statisti-
cally adjusted to make them comparable from one population to another. Age-specific
rates can also be calculated. Other statistical concepts useful as public health indicators
are life expectancy and years of potential life lost.

Public health’s efforts to protect the population may require calculations of risk.
Risk assessment is a formal process of calculating probabilities of various injurious
events. The scientific assessment of risk sometimes conflicts with people’s perception
of risk.

Public health is based on science, including the science of statistics, which is the sci-
ence of uncertainty. To paraphrase statistician and author Robert Hooke, scientific studies
are often the only way to answer people’s questions, but the studies do not produce “unas-
sailable, universal truths that should be carved on stone tablets” Instead, they produce
statistics, which must be interpreted.!!®
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Chapter

The Role of Data in
Public Health

KEY TERMS

Access to health care Core functions of Public health informatics

Behavioral Risk Factor public health Surveillance systems
Surveillance Survey (BRFSS) Maternal deaths Unintended pregnancy

Just as a doctor monitors the health of a patient by taking vital signs—blood pressure,
heart rate, and so forth—public health workers monitor the health of a community by
collecting and analyzing health data. These data are called health statistics. Statistics are
a vital part of public health’s assessment function, used to identify special risk groups,
to detect new health threats, to plan public health programs and evaluate their success,
and to prepare government budgets. The statistics collected by federal, state, and local
government are the raw material for research on epidemiology, environmental health,
social and behavioral factors in health, and for the medical care system.

At the federal level, the primary agency that collects, analyzes, and reports data on
the health of Americans is the National Center for Health Statistics (NCHS), part of
the Centers for Disease Control and Prevention (CDC). The NCHS collects its data in
two main ways: First, states periodically transmit data they have compiled from local
records; vital statistics, including virtually all births and deaths, are routinely collected
this way. Second, the NCHS conducts periodic surveys of representative samples of the
population, seeking information on certain characteristics such as health status, lifestyle
and health-related behavior, onset and diagnosis of illness and disability, and the use of
medical care. Some of these surveys are conducted on a state-by-state basis, and the data
are thus useful to states and local communities. In addition, other federal agencies that
collect data for their own purposes share it with the NCHS.
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Vital Statistics

Births and deaths are the most basic, reliable, and complete data collected. Virtually every
birth and death in the United States is recorded on a birth certificate or death certificate.
Certificates are filed with the local registrar by the attending physician, midwife, under-
taker, or other attendant. The state health department is generally responsible for collecting
these reports and transmitting them periodically to the NCHS.

Birth certificates contain information supplied by the mother about the child’s
family, including names, addresses, ages, race and ethnicity, and education levels. Medi-
cal and health information is supplied by the hospital, doctor, or other birth attendant
concerning prenatal care, birth weight, medical risk factors, complications of labor
and delivery, obstetrical procedures, and abnormalities in the newborn. In the past
decades many states have added a question on the mother’s use of tobacco to the birth
certificate. Much of the information on the certificate is confidential, withheld even
from the person represented by the certificate. Its main use is for public health research,
providing the data that can be used to relate features of the mother and her pregnancy
to the health of the child.

The information on death certificates is subject to a number of uncertainties, depend-
ing on how well the informant knew the deceased and the circumstances of the death.
For example, information on parents, education, and occupation may not be known if the
decedent is an elderly person with no surviving relatives. There is often difficulty in the
accuracy and consistency with which causes of death are specified. Incorrect diagnoses
are common; in the absence of an autopsy, the exact cause of death may not be known. If
a number of conditions contribute to the fatal process, underlying causes and immediate
causes may be confused. For some conditions such as AIDS or suicide, the cause of death
may be misstated deliberately by the local official because of social stigma.

In addition to births and deaths, vital statistics include marriages and divorces, spon-
taneous fetal deaths, and abortions. Data on marriages and divorces are legal events that
require universal reporting, but they are not very interesting from a public health point of
view. Reporting of spontaneous fetal deaths is incomplete, especially for those that occur
relatively early in a pregnancy; many may be unrecognized. Induced abortions are also
probably somewhat underreported. In some states, the name of the woman who had the
abortion is not included in the report for reasons of confidentiality.

Because infant mortality is an important public health issue, the NCHS has set up a
special computer system that links vital records of infants born during a given year who
died before their first birthday. The linkage allows researchers to compare information
on the death certificates with that on the birth certificates, providing insight into factors
that contribute to infant deaths.

The Census

The data collected through the vital statistics system and other methods must be con-
verted into rates if they are to be useful for many public health purposes. The calculation
requires information on the number of people in the population being referred to, the



The Census

number that serves as the denominator when a vital statistic is used as the numerator. To
calculate age-adjusted or age-specific rates, it is necessary to know how many people are
in each age group. To determine sex-specific or race-specific rates, one needs to know how
many males and females there are and how many blacks, whites, Hispanics, and people
of other races in each sex and each age group. This information is collected by the U.S.
Census Bureau, part of the Department of Commerce. Without an accurate count of the
American population and all its characteristics, the government’s health statistics would
not be accurate.

As every schoolchild knows, the U.S. Constitution requires that the population of
the United States be counted every ten years to determine each state’s representation
in the House of Representatives. Based on that simple mandate, the Census Bureau
has developed a national survey that provides data not only on the geographical dis-
tribution of the population and its sex, age, and ethnic characteristics, but also on a
wide variety of social and economic characteristics, including education, housing, and
health insurance status. Furthermore, because the population is always in flux and its
circumstances tend to change fairly quickly, the Census Bureau tracks trends in the
population between the decennial censuses, using polls and surveys and other sources
of data such as birth and death records, immigration and emigration records, and
school statistics. Census Bureau data are vital for the operation of the nation’s social,
political, economic, and industrial systems, and they are essential for the practice of
public health.

Because census data can determine the political composition of the U.S. Congress
and the distribution of federal funds to states and communities, various interest
groups carefully monitor how the data are collected. An issue that was particu-
larly controversial in preparing for the year 2000 census concerned how a person’s
race is determined. The broad categories previously used in the census were white,
black, Hispanic, Asian and Pacific Islander,and American Indian and Alaska Native.
Individuals identify their own race and ethnic category. The issue has been further
complicated by the fact that interracial marriage and parenthood has become increas-
ingly common in the United States, and many of mixed racial parentage wanted an
“interracial” category to be included on the year 2000 census. After considerable
debate, the Census Bureau decided against such a category, but it allowed individu-
als to check more than one racial category for themselves.! This policy affects race-
specific health statistics, but the effect is still small. Only 2.4 percent of the population
chose to check more than one race in 2000. In 2010, 2.9 percent checked more than
one race.” Among children, the increase in the multiracial population was dramatic
between 2000 and 2010, reaching 4.2 million, with the most common combination
being black and white.?

An even more politically controversial issue is the chronic problem of how to count
every individual person in the United States. The census is mandated by the U.S. Consti-
tution, and the Supreme Court has interpreted the mandate to mean that every person
in the country must be enumerated; no statistical corrections are allowed.* The process
for the 2010 census began in March 2010, when a short questionnaire was mailed or
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delivered to every household. The head of household was asked to complete the form,
providing information on all the residents in the household, and return it to the Census
Bureau. If the form was not returned, a second questionnaire was mailed. If there was
still no response, the household was called or visited by a census worker to collect the
information.

Inevitably, people are missed or counted twice. The missing ones are likely to be the
poorest and most marginal members of the population—the homeless, illegal immigrants,
fugitives from the law. Wealthy people who own more than one home might be counted
twice. The Census Bureau estimates that the 2010 census missed about 10 million people
and counted about 36,000 people twice.® Such errors can lead to systematic inaccuracies
in health statistics. For example, blacks tend to be undercounted in the census, while
black births and deaths are more accurately recorded, meaning that birth and death rates
calculated for blacks tend to be higher than their true value would be if correct population
numbers were used for the denominator.

Preparations for the 2010 census, according to The New York Times, were a shambles.
The agency’s director and deputy director resigned in 2006 over the Bush administration’s
lack of support for the census, and it took over a year for a new director to be nominated
and confirmed.” There were partisan battles in Congress about how much effort should be
made to count racial and ethnic minorities: Republicans tend not to care that inaccurate
counts affect congressional representation, because hard-to-count groups, like minori-
ties, immigrants and the poor, tend to vote Democratic.® And because census numbers
determine allocation of hundreds of billions of dollars in federal funds, cities and states
whose populations are undercounted tend to suffer.

A major change in the way the 2010 census was conducted was that only the most
basic data was collected from everyone, using what used to be called the short form,
which asks for name, age, sex, race and ethnicity, and relationship of everyone living
in the household. Previous censuses have sought to gain a fuller understanding of
population characteristics by using a long form for about one in six addresses, asking
questions about education, housing, employment, transportation, language, ancestry,
and other issues useful for governments and businesses. In an attempt to make the
collection of this detailed information more efficient and more timely, the Census
Bureau in 2005 launched a new ongoing survey called the American Community
Survey (ACS), which collects the same kind of information previously collected on
the long form. The long form will no longer be used in the decennial census. The
ACS is sent each year to about 3 million households selected to be representative of
the populations of local jurisdictions. The ACS is designed to help communities plan
transportation systems, zoning, schools, healthcare facilities, and housing, as well as
the need for social services.’

Republican hostility to the census broke out again in May 2012, when the Republican-
led House of Representatives voted to eliminate the ACS entirely on the grounds that it
is too intrusive. A number of business groups, including the U.S. Chamber of Commerce
and the National Association of Home Builders, were able to save the ACS, which pro-
vides important economic data for business planning as well as government decision
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making.'” Again in 2015, however, Congressional Republicans declared their hostility
to the American Community Survey.! It is too early to know what the outcome of the
debate will be this time.

NCHS Surveys and Other Sources of Health Data

As noted previously, the NCHS, in addition to collecting data from the states, actively
conducts a number of surveys to gather additional information on the health of the
American population. Follow-back surveys are a way to expand on the vital statistics
data the NCHS has received. For example, in surveys conducted in 1988 and 1991, NCHS
chose a sample of birth certificates to investigate further, sending questionnaires to the
mothers, doctors, and hospitals to learn more about family characteristics as well as the
circumstances of the pregnancy and birth. Called the National Maternal and Infant
Health Survey, the surveys followed back a sample of fetal deaths and infant deaths,
allowing researchers to study factors related to poor pregnancy outcomes.'? Similar sur-
veys are periodically conducted on a sampling of deaths; the person who filled out the
death certificate is asked to provide more information on the lifestyle of the deceased
as well as what medical care he or she received. The most recent mortality follow-back
survey was conducted in 1993."

Two ongoing NCHS surveys aim to assess the health of the population as a whole,
estimate the prevalence of selected diseases and risk factors, and look for trends. Every
few years, interviewers for the National Health Interview Survey (NHIS) contact about
35,000 households and ask questions about illnesses, injuries, impairments, chronic
conditions, access to health care, utilization of medical resources,and other health topics."
The National Health and Nutrition Examination Survey (NHANES) is designed to obtain
even more detailed and accurate information; doctors and nurses are sent in vans to
conduct physical and dental examinations and laboratory tests on a carefully selected
sample of the population. Each year, 15 counties are visited, and about 5000 individu-
als of all ages are selected to undergo the tests. Data are collected on the prevalence of
chronic conditions, including cardiovascular disease, diabetes, kidney disease, respira-
tory disease, osteoporosis, and hearing loss, as well as risk factors for those conditions,
such as smoking, alcohol consumption, sexual practices, physical fitness and activity,
weight, and dietary intake."

The NCHS also collaborated with the National Institute on Aging on two follow-up
studies of the population surveyed in previous NHIS surveys. In one follow-up study,
over 7000 individuals who were 70 years of age or older in the 1984 NHIS survey
were re-interviewed in 1986, 1988, and 1990. In a similar follow-up study, over 9000
individuals who were 70 years or older in 1994 were re-interviewed in 1997-1998 and
1999-2000. The interview data are linked to Medicare records and death certificates.
The purpose of these Longitudinal Studies of Aging is to describe the process by which
older people progress from functioning in the community to becoming dependent,
being institutionalized, and dying. Information is also collected on use of medical care
and services. The information provided by these follow-up studies is very valuable in
relating the clinical, nutritional, and behavioral factors identified three decades ago
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to subsequent health status as people age, including their need for hospitalization or
institutionalization in a nursing home."

The Behavioral Risk Factor Surveillance Survey (BRFSS) conducted with the states is
another way of obtaining information on health-related behavior. It asks questions
about health; risk factors, including high blood pressure, high blood cholesterol,
diabetes, and weight; as well as about health-related behaviors such as diet and
physical activity, cigarette smoking, alcohol use, seat-belt use, and drinking and
driving. It also asks whether people get preventive medical care such as mammo-
grams, Pap smears, colon-cancer screening, and immunizations.'® The BRESS gathers
some of the same information as NHANES, but it has the advantage of surveying
many more people, and it allows analysis of how the factors vary from one state to
another. However, the information is self-reported and may be less reliable than
that obtained in NHANES. For example, the BRFSS found in 2011 that, according
to people’s own reports, about 28 percent of adults are obese,'” while the NHANES
survey, using direct measurements, found a rate of about 35 percent.'® This finding
accords with previous observations that overweight people generally report that
they weigh less than they do.

The NCHS conducts a variety of other surveys, including the National Youth Fit-
ness Survey, the National Survey of Family Growth, the National Immunization Survey,
and several surveys of hospitals, nursing homes, and other healthcare providers to gain
information on healthcare utilization. Some surveys are done in collaboration with other
agencies, such as the National Asthma Survey, in collaboration with the CDC’s National
Center for Environmental Health, the National Infant Feeding Practices Study, in col-
laboration with the Food and Drug Administration, and the National Health Interview
Survey on Disability, in collaboration with several other agencies including the Social
Security Administration.

Other governmental agencies collect health-related data according to the focus of
their responsibilities. For example, the Environmental Protection Agency carries out
surveillance for health hazards in the environment, including air pollutants and releases
of toxic chemicals. The National Cancer Institute coordinates a program called Sur-
veillance, Epidemiology, and End-Results (SEER), used to monitor long-term trends of
cancer incidence and mortality. The Centers for Medicare and Medicaid Services has
billing records for the Medicare program, which are useful for research on utilization and
outcomes of medical care. The Food and Drug Administration collects reports of adverse
reactions to drugs after they have been approved and are on the market, sometimes
recommending recalls if a serious problem appears that was not noted during preap-
proval testing. Surveillance for product-related injuries is conducted by the Consumer
Product Safety Commission.

Is So Much Data Really Necessary?

While it seems that the government collects enormous amounts of information on
its citizens, there is never too much. These data are critically important in making up
the surveillance systems that form the basis of effective public health practice as well as
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the planning and evaluation efforts that are increasingly being used in public health
programming.

The statistics collected by federal, state, and local agencies are used in all areas
of public health. Early notification of communicable disease cases is a classic use of
public health information to protect the public’s health. The need for public health
intervention to control other problems may not be obvious without an analysis of
data. This explains the Institute of Medicine committee’s insistence on the importance
of assessment as a core function of public health.”® Public health leaders are increasingly
stressing the importance of planning, setting goals, and managing public health
programs to meet these goals, a process that requires data at the local, state, and
federal levels. For example, a community may not recognize that it has a problem
with unintended pregnancy and low-birth weight unless it analyzes the data from birth
certificates, comparing local data with statewide or national averages. Recognition
of the problem might persuade local public health leaders to consider school-based
birth control education and services.

Throughout this book, during discussions of public health issues (including biomedi-
cal, social and behavioral, environmental, and medical care issues), problems are defined
according to the data that are available. In any area of public health, problems are identi-
fied in terms of statistics. The success of intervention programs to confront a problem is
evaluated based on whether they improve the statistics.

In an era when people tend to frown on “big government” and yearn for lower taxes,
there is always pressure to cut back fiscal support for data collection and analysis, activi-
ties that seem less urgent than fighting a known epidemic, for instance. Yet without data,
experts cannot recognize that an epidemic is beginning. Inspired by the recommendations
of The Future of Public Health," the CDC has taken a lead in coordinating and encourag-
ing the use of data in public health assessment. Recent events, including the emergence
and resurgence of infectious diseases and the fear of bioterrorism, have stimulated the
development of new surveillance systems within the United States and around the world.

With or without adequate data, decisions affecting public health policy and the allo-
cation of scarce resources from government budgets must be made. It is increasingly
important that these policy and fiscal decisions be made on the basis of timely and accu-
rate information.

Accuracy and Availability of Data

British economist Sir Josiah Stamp (1880-1941) wrote in 1929,“The Government [is] very
keen on amassing statistics. They collect them, add them, raise them to the nth power,
take the cube root and prepare wonderful diagrams. But you must never forget that every
one of those figures comes in the first instance from the village watchman, who just puts
down what he damn well pleases”

The process of data collection is always imperfect. Even data for births and deaths,
the most accurately reported health events, may be flawed. The census produces errors,

and there are political difficulties in trying to rectify them. Most other sources of health
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information, relying as they do on surveys or voluntary reports, are even more incomplete
or subject to bias. For example, the Youth Behavioral Factor Risk Survey of high school
students, conducted by states and reported to the CDC, misses adolescents who have the
highest risks—those who have dropped out of school.

Errors in reporting cause of death on death certificates, a prime example of the errors
about which Stamp warns, are especially worrisome for public health in that mortality
data have such a strong influence on planning and priority setting for public health
programs. Autopsies are being done with declining frequency, in part because of cost
concerns, but also because doctors may believe that sophisticated diagnostic technology
has rendered autopsies obsolete. In 1972, autopsies were performed in 19.3 percent of
deaths; in 2007 that number had fallen to 8.5 percent.?"* Cause-of-death information is
still subject to uncertainty in many cases, and several studies have found that evidence
obtained from an autopsy contradicted the clinical judgment of doctors in 15 percent
to 32 percent of cases. Information gained from an autopsy answers the question, did
the patient receive the correct treatment for the correct disease? This information can
improve the quality of medical care for future patients as well as improve the accuracy
of vital statistics.

Because some of the inaccuracies on birth and death certificates may result from
carelessness on the part of the busy health professionals who file them, new electronic
methods of filing that are being introduced in some states are expected to improve the
quality of the data. For example, maternal deaths are suspected of being underreported
because doctors often fail to check off on a women’s death certificate whether she was
pregnant or gave birth in the time period prior to her death. If an electronic death cer-
tificate is used, the computer will refuse to accept the form—will not “send” it—until that
question is answered.

Computers are extensively used in the analysis of public health data, of course,
and new applications are continually improving the timeliness and accessibility of the
data. Weekly reports of notifiable diseases from state and local health agencies are
transmitted electronically to the CDC, allowing prompt response to new outbreaks.
Laboratory results are also reported electronically, facilitating the rapid identification
of bacterial and viral strains that may be causing illness in scattered locations around
the country. Databases that are kept up-to-date by electronic filings can provide rapid
feedback on the effectiveness of new public health interventions as well as help detect
emerging problems.

The new information technology—or public health informatics as it is sometimes called—
has vastly improved the accessibility of public health information to public health workers
and the general public. The CDC and most other federal and state public health agencies
make information available over the Internet. For example, Morbidity and Mortality Weekly
Reports is searchable online, and articles can be downloaded from the CDC’s Web page.
The National Cancer Institute provides the latest information on cancer therapies and
prognoses tailored for doctors and for patients. Most of the information is freely avail-
able to all, although some data sets require users to have special passwords before they
are allowed access; others are available to authorized users only on CDs or other media.
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Confidentiality of Data

When anyone collects information on other people, questions always arise about how
the information is going to be used and who is going to be allowed access to it. In gen-
eral, all information collected from individuals by governments for whatever purpose is
considered confidential and cannot be divulged without the consent of the individual.
In most cases, the information is entered into a massive database from which individual
names and addresses are removed. For research purposes, an identifying number may
remain attached to the data to enable researchers to match information in one database
with that in another. This technique is used, for example, in matching birth and death
records as described above in order to learn more about the factors that contribute to
infant mortality.

There is always concern that a determined snoop who works in an agency or knows
an employee could obtain confidential information on an individual and use it to that indi-
vidual’s detriment. Agencies that handle confidential data impose stringent rules on access.
Researchers must explain and justify their need for the data and promise to safeguard
its confidentiality. Most agencies have an institutional review board or data protection
committee, often including members from the community, which weighs the researchers’
claims and decides whether to grant permission for access. Other than its use for research,
the only exception made to the promise of confidentiality is when people must be notified
that they have been exposed to a communicable disease.

The conflict between the need for confidentiality and the need for open access to
information has been played out over various aspects of the AIDS epidemic. Because HIV-
positive individuals feared, with good reason, that they might be discriminated against
if employers,landlords, and others learned of their infection, public health practitioners
were concerned that patients would refuse to be tested unless confidentiality was ensured.
Hence, the rules for reporting HIV were handled differently from other communicable
diseases: Anonymous testing was allowed, and the system for reporting cases to many state
health departments and the CDC was modified to maintain anonymity. More recently,
however, with the advent of new drugs that can clearly help AIDS patients and slow the
onset of AIDS in HIV-infected individuals, HIV’s exempt status has, for the most part,
been discontinued, and it is treated like other communicable diseases.

Conclusion

Statistics are the vital signs of public health. Local, state, and federal governments collect
data on their citizens, starting with birth certificates and ending with death certificates.
The U.S. census, conducted every 10 years, provides information on the age, sex,and ethnic
composition of communities, information that allows the calculation of birth rates, death
rates, infant mortality rates, life expectancies, and other data that form the basis for public
health’s assessment function.

The NCHS is the repository for the vital statistics data received from the states. The
NCHS also conducts a number of periodic and ongoing surveys to collect additional
information on Americans, including information on family structure, specific health
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conditions, behavioral risk factors, and other data useful in planning public health inter-
vention programs.

Health statistics are used for all aspects of public health policy development and

evaluation. Uses of the data include health needs identification, analysis of problems and
trends, epidemiologic research, program evaluation, program planning, budget prepara-

tion and justification, administrative decision making, and health education.*

Increasingly, electronic means are being used to collect, transmit, store, and analyze

data and to make the data available to public health workers and the general public. Strict
precautions are taken to ensure confidentiality of information about individuals.

References

1.

2.

PN

10.
11.
12,

13.

14.

15.

16.

S. A. Holmes, “People Can Claim One or More Races on Federal Forms,” The New York
Times, October 30, 1997.

U.S. Census Bureau, “Overview of Race and Hispanic Origin: 2010,” 2010 Census Briefs.
http://www.census.gov/prod/cen2010/briefs/c2010br-02.pdf, accessed March 16, 2015.
S.Saulny, “Census Data Presents Rise in Multiracial Population of Youths,” The New York
Times, March 24,2011.

. L.Greenhouse,“In Blow to Democrats, Court Says Census Must Be by Actual Count,” The

New York Times, January 26, 1999.

U.S. Census Bureau, “Census Bureau Releases Estimates of Undercount and Overcount
in the 2010 Census,” News Release, May 22, 2012. http://www.census.gov/newsroom
/releases/archives/2010_census/cb12-95.html, accessed March 16,2015.

Editorial, “Census Damage Control,” The New York Times, June 23, 2008.

Editorial, “The Census at ‘High Risk,” The New York Times, March 25,2008.

Editorial, “Rescue the Census,” The New York Times, December 4, 2008.

C.Holden,“New Annual Survey Brings Census into the 21st Century,” Science 295 (2002):
2202-2203.

C.Rampell,“The Beginning of the End of the Census,” The New York Times, May 19,2012.
Editorial: “Don’t Starve the Census,” The New York Times, March 10, 2015.

National Center for Health Statistics, “Summary of NCHS Surveys and Data Collec-
tion Systems, 20157 http://www.cdc.gov/nchs/data/factsheets/factsheet_summary.htm,
accessed September 10, 2015.

National Center for Health Statistics, “National Health Interview Survey: The Principal
Source of Information on the Health of the U.S. Population.” http://www.cdc.gov/nchs
/data/nhis/brochure2010january.pdf, accessed March 15,2015.

National Center for Health Statistics,“About the National Health and Nutrition Examina-
tion Survey.” http://www.cdc.gov/nchs/nhanes/about_nhanes.htm, accessed March 15,
2015.

National Center for Health Statistics, “Longitudinal Study of Aging (LSOA)” http://www
.cdc.gov/nchs/lsoa/lsoal.htm and “The Second Longitudinal Study of Aging (LSOA II)”
http://www.cdc.gov/nchs/lsoa/lsoa2.htm, accessed March 15, 2015.

U.S. Centers for Disease Control and Prevention, “About BRFSS: Turning Information
into Public Health?” http://www.cdc.gov/brfss/about/index.htm, accessed, March 15,
2015.


../../../../../www.census.gov/prod/cen2010/briefs/c2010br-02.pdf
../../../../../www.census.gov/newsroom/releases/archives/2010_census/cb12-95.html
../../../../../www.census.gov/newsroom/releases/archives/2010_census/cb12-95.html
../../../../../www.cdc.gov/nchs/data/factsheets/factsheet_summary.htm
../../../../../www.cdc.gov/nchs/data/nhis/brochure2010january.pdf
../../../../../www.cdc.gov/nchs/data/nhis/brochure2010january.pdf
../../../../../www.cdc.gov/nchs/nhanes/about_nhanes.htm
../../../../../www.cdc.gov/nchs/lsoa/lsoa1.htm
../../../../../www.cdc.gov/nchs/lsoa/lsoa1.htm
../../../../../www.cdc.gov/nchs/lsoa/lsoa2.htm
../../../../../www.cdc.gov/brfss/about/index.htm

17.

18.

19.

20.

21.

22.

23.
24.

References

U.S. Centers for Disease Control and Prevention, “Prevalence and Trends Data: Nationwide
(State and DC) - 2011, Overweight and Obesity” http://apps.nccd.cdc.gov/brfss/display.
asp?cat=08&yr=2011&qkey=8261&state=All, accessed March 22,2015.

C. L. Ogden et al., “Prevalence of Childhood and Adult Obesity in the United States,
2011-2012, Journal of the American Medical Society 311 (2014): 806-814.

U.S. Institute of Medicine, Committee for the Study of the Future of Public Health, The
Future of Public Health (Washington, DC: National Academy Press, 1988).

J. Stamp, Some Economic Factors in Modern Life (London, United Kingdom: P. S. King,
1929), 258-259, quoted in R. Goodman and R. Berkelman, “Physicians, Vital Statistics,
and Disease Reporting,” New England Journal of Medicine 258 (1987): 379.

D.L.Hoyert, National Center for Health Statistics,“The Changing Profile of Autopsied Deaths
in the United States, 1972-2007,” NCHS Data Brief No. 67. August 2011, http://www.cdc
.gov/nchs/data/databriefs/db67.pdf, accessed March 15,2015.

National Center for Health Statistics, “The Autopsy, Medicine, and Mortality Statistics,”
Vital and Health Statistics Series 3,No. 32 (October 2001). http://www.cdc.gov/nchs/data
/series/sr_03/sr03_032.pdf, accessed March 15,2015

Michael Zdeb and Mary Applegate, personal communication.

G. Pickett and J. J. Hanlon, Public Health: Administration and Practice (St. Louis, MO:
Times Mirror/Mosby, 1990), 151-153.


../../../../../apps.nccd.cdc.gov/brfss/display.asp@cat=O8&yr=2011&qkey=8261&state=All
../../../../../apps.nccd.cdc.gov/brfss/display.asp@cat=O8&yr=2011&qkey=8261&state=All
../../../../../www.cdc.gov/nchs/data/databriefs/db67.pdf
../../../../../www.cdc.gov/nchs/data/databriefs/db67.pdf
../../../../../www.cdc.gov/nchs/data/series/sr_03/sr03_032.pdf
../../../../../www.cdc.gov/nchs/data/series/sr_03/sr03_032.pdf




Biomedical Basis
of Public Health







Chapter 9

The “Conquest” of
Infectious Diseases
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Throughout history, until the beginning of the 20th century, infectious diseas-
es were the major killers of humans. Bubonic plague, the “Black Death,” is said
to have wiped out as much as 75 percent of the population of Europe and Asia in
the 14th century. Tuberculosis was the number one killer in England in the mid-
19th century. An example of the toll of infectious diseases is demonstrated in
(FIGURE 9-1), which provides death rates of the population of New York City over
the period 1804 to 2013. Epidemics of smallpox and cholera swept through the
city every few years, killing many people in each wave. In the mid-19th century,
background mortality rates—largely from tuberculosis, typhoid, and miscellaneous
respiratory and gastrointestinal diseases—were double what they became by 1930.

These infectious diseases were largely conquered through public health mea-
sures, including purification of water, proper disposal of sewage, pasteurization of
milk, and immunization, as well as improved nutrition and personal hygiene. The
discovery and introduction of antibiotics in the 1940s also played a role. In fact, by
the 1960s, the threat of infectious diseases seemed to have been reduced to a minor
nuisance.

In contrast to the fear, drama, and excitement that accompanied efforts to under-
stand and control infectious diseases in the late 19th and early 20th centuries, public
health in the 1960s and 1970s seemed to have become routine and boring. This period
in the history of public health corresponds to the time when, according to the Institute
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The conquest of pestilence in New York City
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Reproduced from Zimmerman, R. et al. Summary of Vital Statistics, 2013: Mortality. New York, NY: New York City Department of Health and Mental Hygiene, Office of Vital Statistics, 2015.

of Medicine, public health was falling into disarray because of complacency.' This chapter
will focus on the battles public health practitioners have won. It will discuss the causes
of infectious diseases, how they are transmitted, and how classic public health measures
have brought them under control.

Infectious Agents

The major epidemic diseases are caused by bacteria, viruses, or parasites. The fact that each
of these diseases is caused by a specific microbe was established in the 1880s and 1890s,
at a time of great scientific excitement, when almost every year marked a discovery of a
new disease-causing bacterium.

Robert Koch, a German physician, developed techniques to classify bacteria by their
shape and their propensity to be stained by various dyes. Since billions of bacteria—most
of them harmless to humans—inhabit the skin, throat, mouth, nose, large intestine, and
vagina, it was necessary to develop a set of rules that could be used to prove that a specific
organism caused a specific disease. These rules, called “Koch’s postulates,”are (1) the organ-
ism must be present in every case of the disease; (2) the organism must be isolated and
grown in the laboratory; (3) when injected with the laboratory-grown culture, susceptible
test animals must develop the disease; and (4) the organism must be isolated from the
newly infected animals and the process repeated.?

Koch applied these rules in his proof that tubercle bacilli were the cause of tuber-
culosis, the leading cause of death in Europe at that time. Bacilli are bacteria that
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Round-shaped bacteria, called cocci, include streptococci, which cause strep throat
and scarlet fever; staphylococci, which cause wound infections; and pneumococci, which
cause pneumonia. Syphilis is caused by a corkscrew-shaped bacterium called a spirochete.
All these bacteria were identified by the beginning of the 20th century.

For some infectious diseases, however, no bacterial agent could be found. Smallpox, for
example, was known to be transmitted from a sick person to a healthy one by something
in the pus of the patient’s lesions. Yet attempts to isolate a microorganism were unsuc-
cessful. The agent that caused the disease could pass through the finest available filters
and could not be observed in any existing microscope. Smallpox was recognized to be
one of a number of diseases caused by such “filterable agents” or viruses. It was not until
1935, when the American scientist W. M. Stanley crystallized tobacco mosaic virus, that
the nature of viruses was demonstrated.

While bacteria are living, single-celled organisms that can grow and reproduce outside
the body if given the appropriate nutrients, viruses are not complete cells. They are simply
complexes of nucleic acid and protein that lack the machinery to reproduce themselves.
Various kinds of viruses infect not only animal cells but also plant cells—as tobacco
mosaic virus infects tobacco—and even bacteria. They can survive extreme conditions
such as treatment with alcohol and drying in a vacuum and become active again when
they are injected into a living cell. They reproduce themselves by taking control of the
cell's machinery, often killing the cell in the process. The human diseases caused by viruses
include smallpox, yellow fever, polio, hepatitis, influenza, measles, rabies, and AIDS, as well
as the common cold.

Human diseases can also be caused by protozoa, or single-celled animals that can live as
parasites in the human body. Malaria, spread by mosquitoes; cryptospiridiosis, which caused
the Milwaukee diarrhea epidemic described earlier in this text; and giardiasis, also known
as “beaver fever” are examples of protozoal diseases. Other parasites, such as roundworms,
tapeworms, hookworms, and pinworms, are the most common source of human infection
in the world. Except for pinworms, they are not common in the United States today.

Means of Transmission

Infectious diseases are spread by a variety of routes, directly from one person to another
or indirectly by way of water, food, or vectors such as insects and animals. Bacteria and
viruses that cause respiratory infections, including colds, influenza, and tuberculosis, are
transmitted through the air on aerosols, water droplets produced when an infected person
coughs or sneezes. They can also be transmitted from an infected person to objects he or
she touches, such as doorknobs, utensils, or towels, to be picked up by the next person to
touch the contaminated object and transferred by hand to the nose. The early European
settlers made use of this route of transmission to inflict a primitive form of germ warfare
on the Native American people, giving them blankets that had been used by patients suf-
fering from smallpox. The disease decimated Native American populations because they
had no immunity to the virus.

Gastrointestinal infections such as cholera, cryptospiridiosis, and diphtheria are
generally spread by the fecal-oral route, by which fecal matter from an infected person
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reaches the mouth of an uninfected person. This may occur as a result of poor personal
hygiene or by contamination of drinking water because of inadequate sanitary systems.
Vector-borne diseases, including malaria, yellow fever,and West Nile encephalitis, gener-
ally use a more complex route from one person to another, most often through an insect.

Each disease has its own pattern of development after a person is infected, and the
time during which the patient is capable of transmitting the infection to others varies
from one disease to another. Some diseases are most likely to be transmitted during the
most symptomatic phase, for example, when a patient suffering from tuberculosis or the
common cold is most actively coughing and sneezing. Others, such as measles and mumps,
are most communicable during the day or two before noticeable symptoms develop. A few
diseases can exist in a carrier state, in which the infected person can transmit the disease
without having symptoms, as demonstrated by the infamous case of Typhoid Mary.?

Mary Mallon worked as a cook in a series of wealthy New York homes at the begin-
ning of the 20th century. After an increasing number of family members in these homes
became sick with typhoid fever, some of them fatally, suspicion fell on the cook. Because
she was healthy, and because cooking was the only way she knew to support herself, Mary
resisted medical tests and, when finally proven to be a carrier of the bacteria, refused to
accept the results. Eventually she had to be incarcerated to prevent her from taking jobs
where she spread the disease by the fecal-oral route. She remained in the custody of the
New York City Health Department for the rest of her life. It was Mary’s occupation, of
course, that made her such a threat to the public health. The discovery of antibiotics, too
late to help Mary, made it possible to eliminate the bacteria in typhoid carriers. However
some viruses, such as herpes and hepatitis B, can persist in carrier states,and no treatment
is known to eliminate them.

Chain of Infection

Control of infectious diseases is still an important component of public health. The public
health approach to controlling infectious diseases is to interrupt the chain of infection.
Many methods used to accomplish this interruption have now become routine, but vigi-
lance is always required.

The chain of infection, a term used to describe the pattern by which an infectious
disease is transmitted from person to person, is composed of several links, as illustrated
in (FIGURE 9-2). These are listed here:

1. Pathogen. The pathogen is a virus, bacterium, or parasite that causes the disease in
humans.

2. Reservoir. The reservoir is a place where the pathogen lives and multiplies. Some
pathogens spread directly from one human to another and have no other reservoir.
Others, however, may infect nonhuman species, spreading from them to humans
only occasionally. Plague, for example, is a disease of rodents that is transmitted
to humans by the bite of a flea. Rats are the reservoir of plague. Raccoons and
bats are reservoirs for rabies, which spreads to humans only through the bite of a
rabid animal. Contaminated water or food may also serve as reservoirs for some
human diseases.
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3. Method of transmission. The pathogen must have a way to travel from one host to
another, or from a reservoir to a new host. The flea is a vector for plague, transfer-
ring the plague bacillus from rat to human by sucking it up when it bites the rat
and then injecting it into a human host with a second bite. Food-borne diseases
are transmitted when a person eats contaminated food; water-borne diseases are
transmitted when someone drinks contaminated water. Many respiratory diseases
are transmitted by aerosol. AIDS, syphilis, gonorrhea, and a number of other dis-
eases are transmitted by sexual contact.

4. Susceptible host. Even if the pathogen gains entry, a new potential host may not
be susceptible because the host has immunity to the pathogen. Immunity may
develop as a result of previous exposure to the pathogen, or the host may naturally
lack susceptibility for a variety of reasons. Most microorganisms are specifically
adapted to infect certain species. Canine distemper virus, for example, does not
infect humans. Even within species, susceptibility to specific viruses varies among
individuals. Scientists have been puzzled why a very few people who have been
repeatedly exposed to the human immunodeficiency virus (HIV) do not become
infected; recent studies have found a genetic mutation that makes them resistant
to the virus.

Public health measures to control the spread of disease are aimed at interrupting
the chain of infection at whichever links are most vulnerable. At link 1, the pathogen
could be killed, for example, by using an antibiotic to destroy the disease-causing bac-
teria. Atlink 2, one could eliminate a reservoir that harbors the pathogen. For example,
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controlling rat populations in cities by picking up garbage is a way of preventing the
spread of plague to humans. Adequate water and sewage treatment prevents the spread
of water-borne diseases, and proper food-handling methods eliminate reservoirs of
food-borne pathogens.

Atlink 3, transmission from one host to another could be prevented by quarantin-
ing infected individuals, for example, or by warning people to boil their water if the
water supply becomes contaminated. Hand washing is an important way to prevent
the spread of disease: it prevents restaurant workers from contaminating food, hospital
workers from carrying pathogens from one patient to another, and allows all individu-
als to protect themselves against pathogens they may pick up from the environment
and put in their mouth. The spread of sexually transmitted diseases can be prevented
by use of a condom, a simple matter of blocking the movement of the pathogens to the
uninfected person.

At link 4, the resistance of hosts can be increased by immunization, which stimulates
the body’s immune system to recognize the pathogen and to attack it during any future
exposure. Vaccination not only keeps the individual from contracting a disease but also
makes it harder for the pathogen to find susceptible hosts. In some cases, it may even be
possible to completely eliminate a pathogen from the earth by eliminating the susceptibility
of its potential hosts. This was accomplished in the case of smallpox, as discussed below.

Other links are often included separately as part of the chain of infection when it is
useful to consider them as sites for public health intervention. For example, the port of
entry into the host for a mosquito-borne disease would be the skin, a link that could be
interrupted if the potential host wears long sleeves and gloves. Similarly, the place of exit
is the route by which the pathogen leaves the host.

Public health measures to control the spread of infectious disease include both routine
prevention measures and emergency measures to control an outbreak once it has begun.
Many of the measures referred to above—especially those concerning links 2 and 3—
come under the category of “environmental health” Immunization—link 4—is a major
weapon that has had great success against the dread diseases that created the epidemics
of the past. However, vaccines do not exist for all diseases—notably, a vaccine has not yet
been developed against AIDS. Even when vaccines do exist, some diseases are too rare
to justify the trouble and expense of vaccinating everyone. This is where surveillance is
especially important.

Epidemiologic surveillance is the system by which public health practitioners watch
for disease threats so that they may step in and break the chain of infection, halting the
spread of disease. In the early history of public health, the solution was often quarantine—
isolation of the patient to prevent him or her from infecting others. Quarantine is still used
occasionally, when the disease is serious and there is no effective vaccine. For example,
a patient diagnosed with tuberculosis—which is slow to respond to medication—might
be ordered to stay home for 2 to 4 weeks after treatment is started until the disease is no
longer infectious.

More often, the public health response when an outbreak is detected by surveillance is
to locate people who have had contact with the infected individual and to immunize them
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or give them medical treatment, as appropriate. For tuberculosis, contact tracing is used
in addition to quarantine: people who have been exposed to the patient are given prophy-
lactic doses of antibiotics. Tuberculosis has presented new and more difficult problems
to the public health system in recent years because of the development of drug-resistant
strains of the bacteria.

Contact tracing is also routinely used for controlling sexually transmitted diseases,
such as syphilis and gonorrhea. Syphilis, which tends to affect the poor, the homeless, drug
users, and prostitutes, can be diagnosed by a blood test. Because it has few symptoms in
the early stages, it may go untreated and is easily spread. The challenge for public health is
to identify those with the disease through screening programs carried out, for example, in
a city jail. Once a case is identified, public health workers try to discreetly alert those who
have been exposed. The public health worker asks the person who has been diagnosed to
identify sexual contacts; the worker then notifies the contacts that they have been exposed
without identifying the source of the exposure. Syphilis is readily cured by penicillin. If
untreated, it may cause long-term damage to the heart and brain; congenital syphilis in
infants born to infected mothers can be lethal.

The classic public health measures of surveillance and quarantine were key com-
ponents in combating severe acute respiratory syndrome (SARS), a highly infectious
new disease that first broke out in southern China in November 2002. Because China
did not at first report the disease, it was not recognized as a major threat until March
2003, when the World Health Organization (WHO) issued a global alert and a travel
advisory. WHO had been alerted by Dr. Carlo Urbani, an infectious disease specialist
working in Vietnam, who noticed that a patient who had recently arrived in Saigon
from Hong Kong was suffering from an atypical form of pneumonia. Dr. Urbani himself
soon contracted the disease and died. Epidemiologic detective work found that the
patient in Saigon, as well as patients soon identified in Toronto and Singapore, had
all stayed in the same hotel in Hong Kong where a traveler from southern China had
spent one night before falling ill with the syndrome. More than a dozen guests at the
hotel had been infected by that one traveler, and they carried the disease to several
other countries.*

By July 5, 2003, when WHO declared that SARS had been contained, the disease
had infected 8439 people in 30 countries and had killed 812 people.® Although a virus
was identified, lab tests could not diagnose the disease until weeks after a patient had
developed symptoms. No drug has been found effective against the virus, and treatment
requires intensive respiratory therapy during extended hospital stays. SARS was contained
by old-fashioned measures: quickly isolating patients who were suspected to have the
disease—because of fever, cough, and previous contact with a known SARS patient—and
quarantining anyone who had come in contact with them. The epidemic had severe eco-
nomic impact wherever it broke out, keeping business and vacation travelers from affected
areas and even scaring away visitors from Chinatowns in American cities.

There was concern that the disease would be seasonal and would break out again in
2004, but this did not occur. A few small outbreaks in 2004 stemmed from inadequate safety
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measures in research laboratories, but alert health workers kept the disease from spread-
ing. Since 2004 there have not been any known cases of SARS anywhere in the world.®

Rabies

Rabies, a fatal disease of the nervous system caused by a virus, kills an estimated 60,000
people around the world each year, usually contracted through a dog bite. In the United
States, transmission of the disease to humans is very effectively prevented by routine pub-
lic health measures. Although there is an effective human vaccine against rabies, routine
immunization of everyone is not recommended. Human exposure to the rabies virus in
this country is relatively rare, and the vaccine is expensive and inconvenient to deliver,
requiring several injections over a period of approximately a month.

The rabies virus infects only mammals, and it is almost always transmitted when a
rabid animal bites another animal or a human. Since the animal most likely to bite a human
is the dog, mandatory immunization of dogs against rabies is the first line of defense in
the protection of people. Wild animals serve as the reservoir of rabies, and dogs are most
likely to be exposed by being bitten by a rabid wild animal. Domestic cats are also at risk
for exposure to rabies from wildlife, and immunization is recommended for them as well.

The public health system has defined clear guidelines for responding to a report of a
person’s being bitten by a domestic or wild animal, depending on the likelihood that the
animal is rabid. Because immunization of dogs is widespread in the United States, less
than 100 cases of rabies occur annually in the 60 million dogs in this country, and a dog
bite is considered unlikely to transmit the disease. If the biting dog (or cat) appears to be
healthy, it need only be observed for 10 days to ensure that it remains healthy. Rabies virus
affects the brain and from there travels to the salivary glands and is secreted in saliva. An
animal capable of transmitting the virus in its saliva will already have brain involvement,
exhibit symptoms, and be dead within a few days. That is sufficient time for the bitten
person to be given the series of vaccinations that will protect him or her from the disease.

If the biting animal is wild, or if there is other reason to suspect that it is rabid, it must
be killed and its brain tested for signs of rabies virus infection. There is no way to determine
definitively whether a living animal has rabies. If the test shows the animal to be rabid,
the bite victim receives the vaccinations. If no sign of rabies is found, no vaccinations are
given. There is no room for error in these tests, because once symptoms of rabies appear,
it is too late to save the victim. Public health laboratories take this responsibility very
seriously. Generally, immunizations are given to anyone who is bitten by a wild animal
that cannot be captured and tested.

To control rabies, public health practitioners conduct surveillance for rabies in wildlife.
When raccoons, skunks, and foxes in a geographic area are infected with the virus, they
are likely to be a threat to humans and domestic animals. In Europe and in some parts
of the United States, public health officials are attempting to control rabies in wildlife by
distributing bait containing an oral rabies vaccine.

Bats are the most dangerous rabies threat to humans. Even in parts of the country
where the disease is not endemic among most wildlife, rabid bats are likely to be found.
Because the animals are nocturnal and elusive, contact with bats may go unnoticed. During
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the period between 2003 and 2013, 20 of the 36 cases of human rabies in the United States
were caused by a strain of the virus that is associated with bats. Many of these victims
were not aware of having been bitten by a bat and did not realize that any exposure to bats
might constitute a rabies risk. Of the 13 cases not attributable to bats, eight were caused
by dog bites outside of the United States, three were from a viral strain associated with
raccoons, one was from a fox bite in Mexico, and one was suspected to be caused by a feral
cat in California.” One patient who died in 2013 was found to have contracted the virus
through a kidney transplant. The donor’s cause of death was not recognized as rabies, but
later was found to have had the same raccoon strain as the transplant recipient. Three
other recipients of organs from the same donor were offered post-exposure prophylaxis.®
Remarkably, three people have survived rabies infection; all were young healthy people
who received intensive medical treatment.’

The rabies surveillance system has been remarkably successful. The cost of rabies
control is significant, however. Testing the brain of an animal for rabies costs about $100,
and the price of a series of vaccinations for a person suspected of being exposed may
amount to $1500. In 1994, after a kitten in a New Hampshire pet store tested positive for
rabies, 665 people received post-exposure treatment at a cost of over $1 million for the
vaccines alone.'® In 2008, a rabid puppy was among a group of 24 dogs and two cats that
were brought to the United States in a rescue mission aimed at reuniting American soldiers
with pets they had adopted in Iraq. By the time the puppy was diagnosed, the animals had
been dispersed to 16 states around the country. Concerned that the puppy might have
bitten other animals in the group, federal and state public health workers tracked them all
down, vaccinated them and placed them in quarantine for six months."' Asa result of this
incident, the Centers for Disease Control and Prevention (CDC) issued new regulations
on the importation of animals to the United States."

Smallpox, Measles, and Polio

While constant vigilance is required to protect people from rabies because wild animals
serve as a reservoir of the disease, some pathogenic viruses, including measles and polio,
have no nonhuman reservoir. It is a possibility, therefore, that universal immunization
against these diseases could eliminate the measles and polio viruses from the earth. This
has been achieved with smallpox, one of public health’s greatest victories.

Smallpox was a particularly feared disease that is believed to have first emerged in
Asia about the time of Christ and tended to spread in major epidemics that claimed mil-
lions of lives in China, Japan, the Roman Empire, Europe, and the Americas.? It was highly
contagious, spread by aerosol or by touch. The concept of vaccination originated with
smallpox: the observation that survivors of the disease were immune to future infection
inspired the idea that people could be protected against serious illness by inoculating
them with small amounts of infected matter from a person suffering a mild case. While the
procedure was not entirely safe, the practice became widespread in the American colonies,
and George Washington ordered his entire army to be inoculated. In 1796, the practice
of immunization became less risky when the British physician Edward Jenner—inspired
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by the observation that milkmaids appeared to be immune to smallpox—proved that
inoculation with cowpox matter, which was harmless to humans, provided immunity
against smallpox.

By 1958, routine immunization had eliminated smallpox in the United States and other
industrialized countries. However, it was still widespread in 33 underdeveloped countries,
killing two million people per year. With support from both the United States and the
Soviet Union, WHO developed plans for a program to eliminate smallpox. Between 1967
and 1977, medical teams traveled all over the world in search of outbreaks of the disease.
Local governments were mobilized to vaccinate residents of areas where an outbreak
was occurring. Because the lesions of smallpox were so conspicuous, it was possible for
the investigators to track outbreaks by showing pictures of victims and asking people
if they knew of anyone with this disease. Once a patient was located, he or she could be
quarantined and everyone in the vicinity vaccinated, sometimes by force. The last case
was found in Somalia in October 1977.2

Now the smallpox virus officially remains in only two places, stored in laboratories
at the CDC and in a Russian laboratory in Siberia. By international agreement, genetic
studies were being conducted, after which both stocks of the virus were scheduled to be
destroyed in 1999. The decision to destroy the virus was controversial, with some scientists
believing that valuable information might be gained in future studies using techniques that
were not yet known. In 1999, WHO decided to defer the destruction for a few more years.'*

Meanwhile, word was leaking out of the former Soviet Union that the Soviets had
been working on smallpox as a bioweapon. There were fears that they had shared their
stocks of the virus with rogue states such as Iraq and North Korea. The anthrax attacks of
2001 further raised fears about bioterrorism. Plans for destruction of the smallpox virus
were put on hold, and research priorities have focused on developing an improved vaccine
and finding drugs that would be effective against the virus.

As of 2014, the debate over smallpox virus destruction was still ongoing. Some scien-
tists believe that valuable lessons remain to be learned by studying the virus. Others agree
with D. A. Henderson, leader of the WHO’s eradication effort, who says, “Let’s destroy the
virus and be done with it... We would be better off spending our money in better ways.”
One concern is that the molecular sequence of the virus is publicly known, meaning that,
even if all smallpox viruses are eliminated, someone could synthesize it in a laboratory
and loose it on the world."

Poliovirus, like smallpox virus, infects human beings only, and polio similarly has the
potential to be eradicated. In 1988, at a time when 350,000 children were being paralyzed
each year, WHO set a goal of eradicating polio by the year 2000.'¢ This goal was not met,
but substantial progress has been made against this crippling disease: polio has been
essentially eliminated from the Western Hemisphere, Europe, Southeast Asia, and the
Western Pacific,and by 1999, annual polio cases were reduced by 99 percent worldwide."”

Only three countries continue to have endemic polio—Nigeria, Pakistan,and Afghani-
stan—but eradication from these countries has proven extremely difficult. Rumors spread
in 2003 among Muslims, especially in Nigeria, that the polio vaccine had been deliberately
contaminated to cause AIDS or infertility. Several Nigerian states halted vaccinations, the
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number of cases in Nigeria jumped to 800 in 2004, and the virus spread to several other
African countries that had previously been polio free. Under pressure from WHO, Nigeria
resumed polio immunizations the following year.'® However, as long as the disease exists
anywhere, it tends to spread to neighboring countries; several countries, including Cam-
eroon, Equatorial Guinea, Syria, and Iraq, have reestablished transmission.'s

There are several reasons why polio is proving more difficult to eradicate than small-
pox." Unlike smallpox, there are many “invisible” cases of polio, in which children may be
infected, able to spread the virus by the fecal-oral route but not show symptoms. Thus it is
not possible to focus on small outbreaks as was done with smallpox. The vaccine is imper-
fect and must be administered several times to become effective. India has made major
effort to vaccinate children with repeated rounds of National Immunization Days each
year, but in poverty-stricken areas of the country children suffering from other intestinal
infections tend not to develop immunity even after multiple doses of the vaccine. Politi-
cal upheaval has interfered with immunization campaigns in some countries. In Pakistan
and Nigeria, for example, polio vaccinators have been killed by Islamic extremists. Some
experts have argued that the goal of eradicating polio is unrealistic and that efforts should
be focused on “control” rather than eradication.” They say that other vaccine-preventable
diseases are being neglected because of the intensive effort on polio, that the campaign has
been going on too long and has become too expensive. However, India was removed from
the list of endemic countries in 2012, giving hope that success can be achieved elsewhere,
and the effort continues.

Measles, another viral disease that could in theory be eradicated, offers an example
of what happens when public health relaxes its vigilance. Before a vaccine was available,
almost all children contracted measles, causing 400 to 500 deaths a year in the United
States and 4000 cases of chronic disability from measles encephalitis.”® A vaccine became
available in 1963, and the number of cases in the United States dropped precipitously. In
1978, the U.S. Department of Health and Human Services set a goal to eradicate measles
from this country by 1982. That ambition proved overly optimistic.

One problem was that outbreaks of measles began to occur among high school and
college students who had been vaccinated as babies. It became clear that the immunity
conferred by vaccination in infancy wears off and that a booster vaccination is necessary
in older children, a practice that is now recommended at the age of 4 to 6. The booster
should be given to adolescents if they did not receive it earlier. Implementation of the new
recommendations was widespread in the 1990s, and measles cases in the United States
declined to low levels. In fact, measles was declared eliminated from the United States in
2000, meaning that all cases could be traced to individuals who contracted the disease
outside the country and brought it here.?

However, in 2011, 222 measles cases were reported to the CDC, compared to a
median of 60 per year during 2001 to 2010.2* Of the 2011 cases, 196 were American
residents, the majority of them children, and 86 percent of them were unvaccinated or
had unknown vaccination status. Of the 66 children who were unvaccinated but should
have been, 50 were unvaccinated because of philosophical or religious beliefs, discussed
later in this chapter.



Fear of Vaccines

The year 2014 proved to be a bad year for measles. Six hundred forty-four cases were
reported from 27 states, more than half of them among unvaccinated Amish children in
Ohio.” Then in December, a large outbreak began in California that spread across the
country.” The first reported case was an 11-year-old girl who had visited a Disney theme
park in southern California during the exposure period and was hospitalized. She had not
been vaccinated. The source of the exposure has not been identified, but the strain of the
virus was the same as one that had recently caused a large outbreak in the Philippines and
has also been detected in other countries. Disney theme parks attract many international
visitors, one of which presumably carried the virus to California in 2014.

Public health leaders had hoped that when and if polio is eradicated, the organizational
and medical resources that had been mobilized in that campaign could then be used in a
vaccination campaign against measles. Given the uncertainties with polio eradication and
the difficulties with achieving universal immunization in the United States, the prospect
for measles eradication worldwide is doubtful. Measles is still endemic in some European
countries as well as at higher levels in Africa and Southeast Asia. However, progress has
been made. The number of estimated deaths from measles has been reduced from 562,000
in 2000 to 122,000 in 2012.%

An attempt to eradicate an eradicable disease can backfire if it is not conducted with
sufficient political will, knowledge, and resources. This was the case with malaria, which
was the target of an international eradication campaign in the 1950s and 1960s. There is
no nonhuman reservoir for the malaria-causing parasites, but the route of transmission
is a vector, a certain species of mosquito. The primary weapon in the eradication effort
was the pesticide DDT. While the campaign produced dramatic results, funding ran out
before the objective was achieved, and there was a resurgence of the disease with greater
impact than ever. A combination of factors contributed to the calamity: DDT-resistant
mosquitoes emerged; the pathogen developed resistance to the main antimalarial drug,
chloroquine; and populations in former malarial areas lost their immunity to the disease
because of lack of exposure.”” Now, malaria is one of the most widespread potentially
fatal infectious diseases in the world, killing an estimated one million people annually,
mainly children.” The disease occurs mainly in tropical and subtropical areas and has
been largely eliminated in the United States, but global climate change and international
travel could contribute to the re-emergence of malaria as a public health problem in
the South.

Fear of Vaccines

The benefits of vaccination are obvious to public health and medical professionals. How-
ever, just as Muslim leaders in Nigeria resisted polio vaccination with the rumor of infertil-
ity, so suspicion has spread in the United States that measles immunization causes autism.
Autism often becomes apparent at about the age when the vaccine is given. Consequently,
some parents refused to allow their children to be vaccinated against measles. Similarly,
unfounded stories about side effects of the pertussis (whooping cough) vaccine—that
it might cause sudden infant death syndrome (SIDS)—led many parents to resist that
vaccine.”
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Suspicions about the safety of vaccines were exacerbated by the actions of British
surgeon Andrew Wakefield, who in 1998 published a fraudulent paper claiming that the
measles-mumps-rubella (MMR) vaccine was linked to the onset of autism. Wakefield’s
paper was published in a highly regarded journal, The Lancet. Many other scientists doubt-
ed the claims, however, and a thorough investigation eventually found that Wakefield was
guilty of misconduct. He had misrepresented the facts about the children he claimed to
have studied and had cooked up a scheme to profit by filing lawsuits against the drug
companies that manufactured the vaccine.”® The Lancet retracted the paper in 2010, stat-
ing that the journal had been deceived. Wakefield’s medical license was withdrawn and
he was barred from practicing medicine in the United Kingdom.

Because parental concerns became so widespread, the Institute of Medicine has con-
ducted periodic reviews of the latest evidence on vaccine safety. In 2003, it published
a review on SIDS and concluded that “the evidence favors rejection of a relationship
between some vaccines and SIDS* In 2004, the Institute of Medicine reviewed evidence
on a possible link between the vaccine and autism and again concluded that “the body of
epidemiological evidence favors rejection of a causal relationship between the MMR vac-
cine and autism.”*" In both cases, the review committees acknowledged that the concern
about the vaccines was understandable because the diseases are poorly understood, and
they recommended more research on the causes of SIDS and autism.

The evidence cited in the autism report included a major study done in Denmark,
in which records of a half million children were analyzed. About one in five children had
not received the vaccine, and the researchers found that these children developed autism
at the same rate as children who had been vaccinated.” Some vaccines do have real risks,
including fever and seizures that occur in a small number of infants after they are vacci-
nated for pertussis and rare cases of polio caused by the oral polio vaccine, which contains
the live, weakened virus. These risks are much smaller than the risks of the diseases in an
unvaccinated population. However, many American parents are too young to remember
the fears aroused by polio in the past, and they may be unaware that formerly common
childhood diseases such as measles and chicken pox sometimes have serious complica-
tions. Whooping cough can be fatal in infants exposed to unvaccinated older siblings who
contract the disease. Because of the success of vaccinations, people have never seen these
diseases and thus no longer fear them.

All states have laws requiring that children be immunized before starting school, but
there are always exemptions for children with medical conditions that make immuniza-
tion harmful to them. Some states also have exemptions for religious reasons or “personal
belief exemptions.”

The measles outbreaks in 2011 and 2014, discussed above, illustrate the dangers of
leaving children unvaccinated. Most of the cases were linked to people who had traveled
abroad or visited from another country and spread the virus to unvaccinated children in
this country. It is often in wealthy communities that parents refuse to subject their chil-
dren to the small risk of immunization. They count on the fact that most other children
are vaccinated to protect their own children from being exposed. However, much of the
protection afforded by a high rate of immunization in a population comes from “herd



Conclusion

immunity;” the phenomenon by which even infants too young to be vaccinated and people
with weakened immune systems for various reasons, as well as those who refuse to be
immunized, are unlikely to be exposed to a disease because the majority of the popula-
tion is immune. If the percentage of immunity in the population falls too low, however,
outbreaks are likely. Then even vaccinated people are at risk, because no vaccine is perfect.

In Orange County, California, where Disneyland is located, some private schools have
immunization rates as low as 60 percent. Parents of children with cancer and other condi-
tions that preclude vaccination are becoming increasingly angry at the risk their children
are being exposed to as a result of other parents’ refusal to vaccinate their children.”? The
news about the Disneyland measles outbreak led California to put an end to the personal
belief exemption in 2015.%

Another drawback of people’s fear of vaccines is that pharmaceutical companies
have become reluctant to invest in developing them. Parents’ tendency to blame a recent
immunization for any serious health problem suffered by their children leads them to sue
the company that made the vaccine. This experience, together with the fact that prices that
can be charged for vaccines tend to be low, has caused many companies to drop vaccine
production altogether. While immunization is considered the most effective intervention
for preventing disease and promoting health, it is not clear that even the current vaccines
will continue to be available. The example of the former Soviet Union stands as a warning
to us. Diphtheria is virtually unknown in the West now, but in the 1980s, when the public
health system in Russia was in chaos and immunizations stopped, the disease surged, with
200,000 cases and 5000 deaths there.”

Public health in the United States can celebrate success in the fight against many
common diseases. In 2007, the CDC reported that death rates for 13 infectious diseases
were at all-time lows; for nine of them, including whooping cough, polio, and diphthe-
ria, deaths and hospitalizations declined by more than 90 percent since vaccines against
them were approved.* However, it has become clear that infectious diseases are far from
being conquered. The development of resistance to the chemical arsenal for combating
disease is discussed elsewhere together with other new and emerging problems in infec-
tious diseases.

Conclusion

Public health has had great success in controlling infectious diseases. Classic public health
measures prevent transmission of disease-causing bacteria, viruses, and parasites by inter-
rupting the chain of infection. Measures employed at various links in the chain include
killing the pathogen, eliminating the reservoir that harbors the pathogen, preventing
transmission from one host to another or from reservoir to host, and increasing the
resistance of hosts by immunization.

Rabies is an example of a disease that has been successfully controlled in the United
States by public health measures. Immunization of dogs is the primary barrier protecting
humans from the reservoir of the virus, which is wild animals. By maintaining surveillance
and intervening with vaccination when a person has been exposed to a possibly rabid
animal, public health has kept the number of human deaths from rabies very low. SARS,
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a new, highly communicable disease first recognized in Asia in 2003, was successfully
controlled by the classic public health measures of surveillance, isolation, and quarantine.

Smallpox, measles, and polio are viral diseases against which effective vaccines have
been developed and which have no nonhuman reservoir. In theory, therefore, they could be
eliminated from the earth. This has been accomplished with smallpox, with only two known
stocks of the virus remaining. Polio has been eliminated from the United States and many
other parts of the world, and a campaign is underway to eradicate it, although progress has
been erratic and some experts doubt that the goal is realistic. The prospects for measles eradi-
cation are even less clear. The United States has had periodic epidemics of measles, including
one in 2014-2015, that occur when infected people enter this country from endemic areas.
Reluctance by some parents to vaccinate their children weakens herd immunity and threatens
to cause outbreaks of infectious diseases that could have been controlled.

Success in controlling infectious diseases requires adequate resources and political
will to maintain effective immunization programs and ongoing epidemiologic surveillance.

References

1. US. Institute of Medicine, Committee for the Study of the Future of Public Health, The
Future of Public Health (Washington, DC: National Academy Press, 1988), 19.

2. L.Garrett, The Coming Plague: Newly Emerging Diseases in a World out of Balance (New
York, NY: Farrar, Straus & Giroux, 1994), 403.

3. G. Pickett and J. J. Hanlon, Public Health: Administration and Practice (St. Louis, MO:
Times Mirror/Mosby, 1990).

4. ].M.Hughes,“The SARS Response—Building and Assessing an Evidence-Based Approach
to Future Global Microbial Threats,” Journal of the American Medical Association 290
(2003): 3251-3253.

5. K. Bradsher, “SARS Declared Contained, with No Cases in Past 20 Days,” The New York
Times, July 6,2003.

6. U.S. Centers for Disease Control and Prevention, “Severe Acute Respiratory Syndrome
(SARS)” http://www.cdc.gov/sars/index.html, accessed March 24,2015.

7. J.L. Dyer et al., “Rabies Surveillance in the United States During 2012,” Journal of the
American Veterinary Medical Association 243 (2013): 805-818.

8. U.S.Centers for Disease Control and Prevention,“Questions and Answers —- Human Rabies
Due to Organ Transplantation, 2013 http://www.cdc.gov/rabies/resources/news/2013
-03-15.html, accessed March 24,2015.

9. U.S. Centers for Disease Control and Prevention, “Recovery of a Patient from Clinical
Rabies—California, 2011,” Morbidity and Mortality Weekly Report 61 (2012): 61-65.

10. D.L.Noah etal.,“Mass Human Exposure to Rabies in New Hampshire: Exposures, Treat-
ment, and Cost,” American Journal of Public Health 86 (1996): 1149-1151.

11. U.S. Centers for Disease Control and Prevention, “Rabies in a Dog Imported from Iraq—
New Jersey, June 2008,” Morbidity and Mortality Weekly Report 57 (2008): 1076-1078.

12. U.S. Centers for Disease Control and Prevention, “Animal Importation: Issuance and
Enforcement Guidance for Dog Confinement Agreements.” http://www.cdc.gov
/animalimportation/lawsregulations/issuance-enforcement-guidance-dog-confinement
-agreements.html, accessed March 24,2015.


../../../../../www.cdc.gov/sars/index.html
../../../../../www.cdc.gov/rabies/resources/news/2013-03-15.html
../../../../../www.cdc.gov/rabies/resources/news/2013-03-15.html
../../../../../www.cdc.gov/animalimportation/lawsregulations/issuance-enforcement-guidance-dog-confinement-agreements.html
../../../../../www.cdc.gov/animalimportation/lawsregulations/issuance-enforcement-guidance-dog-confinement-agreements.html
../../../../../www.cdc.gov/animalimportation/lawsregulations/issuance-enforcement-guidance-dog-confinement-agreements.html

13.

14.
15.

16.

17.

18.

19.
20.

21.

22,

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.
34.

References

G. Rosen, A History of Public Health (Baltimore, MD: Johns Hopkins University Press,
1993).

L. Altman,“Killer Smallpox Gets a New Lease on Life,” The New York Times, May 25,1999.
L.Adelman,“Resurrecting Smallpox? Easier Than You Think,” The New York Times, October
15,2014.

L. Roberts, “Polio Eradication: Is It Time to Give Up?” Science 312 (2006): 832-835.

U.S. Centers for Disease Control and Prevention, “CDC’s Work to Eradicate Polio,”
September 2014. http://www.cdc.gov/polio/pdf/cdcs-work-to-eradicate-polio_508.pdf,
accessed March 26,2015.

D.G.McNeil, Jr.,“Polios Return After Near Eradication Prompts a Global Health Warning,”
The New York Times, May 5,2014.

I. Arita et al.,“Is Polio Eradication Realistic?” Science 312 (2006): 852-854.

U.S. Centers for Disease Control and Prevention, “Measles History,” November 3, 2014.
http://www.cdc.gov/measles/about/history.html, accessed March 18,2015.

U.S. Centers for Disease Control and Prevention, “Measles—United States,2011,” Morbidity
and Mortality Weekly Report 61 (2012): 253-257.

U.S. Centers for Disease Control and Prevention, “Measles Cases and Outbreaks,” March
23,2015. http://www.cdc.gov/measles/cases-outbreaks.html, accessed March 28,2015.

J. Zipprich et al., “Measles Outbreak—California, December 2014-February 2015,
Morbidity and Mortality Weekly Report 64 (2015): 153-154.

World Health Organization, “Measles Deaths Reach Record Lows with Fragile Gains
Toward Global Elimination,” February 6, 2014. http://www.who.int/mediacentre/news/
notes/2014/measles-20140206/en, accessed March 28,2015.

U.S. Centers for Disease Control and Prevention, “The History of Malaria,an Ancient Dis-
ease,” November 9,2012. http://www.cdc.gov/malaria/about/history/index.html,accessed
April 10,2012.

U.S. Centers for Disease Control and Prevention, “Impact of Malaria,” March 26, 2014.
http://www.cdc.gov/malaria/malaria_worldwide/impact.html, accessed April 20, 2015.
E.W.Campion, “Suspicions About the Safety of Vaccines,” New England Journal of Medicine
347 (2002): 1474-1475

E Godlee et al., “Wakefield’s Article Linking MMR Vaccine and Autism Was Fraudulent,”
BM]J 342 (2011): c7136.

U.S. Institute of Medicine, “Immunization Safety Review Committee, Vaccinations and
Sudden Unexpected Death in Infancy” (Washington, DC: National Academies Press,2003).
U.S. Institute of Medicine, “Immunization Safety Review Committee, Vaccines and Autism”
(Washington, DC: National Academies Press, 2004).

K.M.Madsen et al.,“A Population-Based Study of Measles, Mumps, and Rubella Vaccina-
tion and Autism,” New England Journal of Medicine 347 (2002): 1477-1482.

J. M. Sharfstein, “Of Mouse and Measles,” Journal of the American Medical Association 313
(2015): 1504-1505.

R.Rappuoli et al., “The Intangible Value of Vaccination,” Science 297 (2002): 937-939.

D. G. McNeil, Jr., “Sharp Drop Seen in Deaths from Ills Fought by Vaccine,” The New York
Times, November 14, 2007.


../../../../../www.cdc.gov/polio/pdf/cdcs-work-to-eradicate-polio_508.pdf
../../../../../www.cdc.gov/measles/about/history.html
../../../../../www.cdc.gov/measles/cases-outbreaks.html
../../../../../www.who.int/mediacentre/news/notes/2014/measles-20140206/en
../../../../../www.who.int/mediacentre/news/notes/2014/measles-20140206/en
../../../../../www.cdc.gov/malaria/about/history/index.html
../../../../../www.cdc.gov/malaria/malaria_worldwide/impact.html




Chapter 10

The Resurgence of
Infectious Diseases

KEY TERMS

Acquired immune deficiency Emerging infectious diseases Multidrug resistance (MDR)
syndrome (AIDS) Extensively drug-resistant Opportunistic infection

Antibiotic resistance tuberculosis (XDR TB) Outbreak

Antibody Highly active antiretroviral Prions

Bacteria therapy (HAART)

o Retrovirus
Directly observed therapy (DOT) ~ Injection drug use

The appearance of acquired immune deficiency syndrome (AIDS) in the early 1980s challenged
the widely held belief that infectious diseases were under control. However, there had
been intimations during the previous few decades that the microbes were not as control-
lable as generally believed. The influenza virus was proving stubbornly unpredictable,
deadly new variants of known bacteria were beginning to crop up, and the familiar old
bacteria were becoming strangely resistant to antibiotics. That trend has continued,
and the importance of public health in combating these growing problems has become
increasingly apparent.

The Biomedical Basis of AIDS

By the turn of the 21st century, the exotic disease that seemed to strike only gay men
has turned into a world-wide scourge: The human immunodeficiency virus (HIV) now
infects over 35 million individuals and kills more than 1.5 million a year." In the United
States as of 2012, some 658,500 people had died of AIDS.? Since the outbreak was first
recognized, a great deal has been learned about HIV, how it causes AIDS, and how it
is spread.
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HIV is a retrovirus, a virus that uses RNA as its genetic material instead of the more
usual DNA. Retroviruses have long been known to cause cancer in animals, and they were
extensively studied for clues to the causes of human cancer, research that proved help-
ful for understanding the immunodeficiency virus when it was identified. Two human
retroviruses—causing two types of leukemia—were known before HIV was discovered.
Retroviruses infect cells by copying their RNA into the DNA of the cell, penetrating
the genetic material like a “mole” in a spy agency. This DNA may sit silently in the cell,
being copied normally along with the cell’s genetic material for an indefinite number of
generations. Or it may take over control of the cell’s machinery, causing the uncontrolled
reproduction typical of cancer.

The target of HIV is a specific type of white blood cell called the CD4-T lympho-
cyte, or T4 cell. T4 cells are just one of many components of the complicated immune
machinery that is activated when the body recognizes a foreign invader such as a bac-
terium or a virus. The T4 cell’s role is to divide and reproduce itself in response to such
an invasion and to attack the invader. In a T4 cell that is infected with HIV, activation
of the cell activates the virus also, which then produces thousands of copies of itself in
a process that kills the T4 cell. The T4 cells are a key component of the immune system
because, in addition to attacking foreign microbes, they also regulate other components
of the immune system, including the cells that produce antibodies, the proteins in the
blood that recognize foreign substances. Thus destruction of the T4 cells disrupts the
entire immune system.’

The course of infection with HIV takes place over a number of years. After being
exposed to HIV, a person may or may not notice mild, flu-like symptoms for a few
weeks, during which time the virus is present in the blood and body fluids and may
be easily transmitted to others by sex or other risky behaviors. The body’s immune
system responds as it would to any viral infection, producing specific antibodies that
eliminate most of the circulating viruses. The infection then enters a latent period, with
the viruses mostly hidden in the DNA of the T4 cells, although a constant battle is tak-
ing place between the virus and the immune system. Billions of viruses are made, and
millions of T4 cells are destroyed daily.* During this time, the person is quite healthy
and is less likely to transmit the virus than during the early stage of infection (although
transmission is still possible). Eventually however, after several years, the immune
system begins to lose the struggle, and so many of the T4 cells begin to die that they
cannot be replaced rapidly enough. When the number of T4 cells drops below 200 per
cubic millimeter of blood, about 20 percent of the normal level, symptoms are likely
to begin appearing, and the person is vulnerable to opportunistic infections and certain
tumors. At the same time, the number of circulating viruses increases, and the person
again becomes more capable of transmitting the infection to others.” At this stage, the
person meets the criteria for AIDS, which is defined by the T4 cell count and/or the
presence of opportunistic infections.

The development and licensing of a screening test in 1985 was a major step forward
in the fight against HIV. The test measures antibodies to the virus, which begin to appear
3 to 6 weeks after the original infection. This test is relatively fast and inexpensive; it is a
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sensitive screening test, giving the first indication that the individual may be HIV positive.
The test is used for three purposes: diagnosing individuals at risk to determine whether
they are infected so that they may be appropriately counseled and, if necessary, treated;
monitoring the spread of HIV in various populations via epidemiologic studies; and
screening donated blood or organs to ensure that they do not transmit HIV to a recipi-
ent of a transfusion or transplant. A major drawback of the antibody screening test is the
absence of antibodies in the blood during the initial 3- to 6-week period after infection.
This “window” of nondetectability may give newly infected people a false sense of security.
More accurate tests that look for the virus itself in the blood are now available. These tests
are used to confirm infection in people who have tested positive in the screening test. In
the United States, they are also done on all donated blood to ensure that no virus-infected
blood is used for transfusions.

Tests that directly measure a virus in the blood have contributed a great deal to
understanding the biomedical basis of HIV infection. Measurement of “viral load”—the
concentration of viruses in the blood—is a valuable tool for evaluating the effectiveness
of therapeutic drugs. Viral load has also been found to influence the individual’s chances
of transmitting the virus by sexual and other means. Thus a therapy that is effective in
reducing viral load can help to control the spread of HIV.

The major pathways of HIV transmission vary in different populations. Homo-
sexual relations between men are still the leading route of exposure for men in the
United States. Injection drug use accounts for 10 percent of new HIV infections in Ameri-
cans.” Transmission by heterosexual relations, especially male to female, is becoming
increasingly common in this country; it is the leading route of infection for females. In
the developing countries of Asia and Africa, where HIV infection is spreading rapidly,
heterosexual relations are the most common means of transmission. Several studies
have found that circumcision protects men against contracting HIV from infected
women; circumcision does not appear to protect women against contracting HIV from
infected men. Studies of the effect of circumcision on male-to-male transmission have
yielded mixed results.®

The sharing of needles is a common route of transmission in developing countries
because of insufficient supplies of sterile equipment for medical use. In poor countries,
including Russia and some nations in Eastern Europe, medical personnel often use one
syringe repeatedly for giving immunizations or injections of therapeutic drugs. If one
of the patients is HIV positive, this practice may transmit the infection to everyone
who later receives an injection with the same needle. According to the World Health
Organization (WHO), 40 percent of injections worldwide are given with unsterile
needles.” Transfusion with HIV-contaminated blood is no longer a significant source
of HIV infection in the United States, but it still occurs in countries too poor to screen
donated blood.

A special case of HIV transmission occurs from mother to infant, in utero or
during delivery, in 25 to 33 percent of births unless antiretroviral drugs are given. The
virus can also be transmitted to breast-fed babies in their mother’s milk. All infants of
HIV-positive women will test positive during the first few months after birth. This is
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because fetuses in the womb receive a selection of their mothers” antibodies, provid-
ing natural protection against disease (though not HIV) during their first months
of life. Testing a baby’s blood for HIV antibodies provides evidence of the mother’s
HIV status. Many states in the United States routinely perform HIV screening tests
on newborns’ blood as part of their newborn screening programs. The special issues
raised by maternal-fetal transmission of the virus have been the subject of ethical,
legal, and political controversy at the national and state levels. Drug therapies are now
capable of preventing transmission of the virus from mother to infant in 99 percent
of cases.® Similar drug treatment of mothers and/or infants can prevent transmission
in breast milk.

In the United States, HIV/AIDS has become a disease of minorities. Although African
Americans make up only about 12 percent of the U.S. population, almost half of new cases
being diagnosed in recent years are among blacks. According to the Centers for Disease
Control and Prevention (CDC), in 2013, the rate of infection was almost seven times
higher in black men than in white men and 15 times higher in black women than white
women.’ Hispanics are diagnosed at three times the rate of whites. Among the factors
that contribute to the higher rates among minorities are the fact that people tend to have
sex with partners of the same race and ethnicity; minorities tend to experience higher
rates of other sexually transmitted diseases, which increase the risk of transmission of
HIV; socioeconomic issues associated with poverty; lack of awareness of HIV status; and
negative perceptions about HIV testing.'

Progress in treating HIV/AIDS over the past two decades has been dramatic. Early
therapy focused on treating opportunistic infections, which were often the immediate
cause of death in AIDS patients. The first antiretroviral therapy, zidovudine (AZT), was
approved by the Food and Drug Administration (FDA) in 1987." The drug interfered
with the replication of HIV by inhibiting the enzyme that copies the viral RNA into the
cell's DNA. However, the virus’s tendency to mutate rapidly leads to the development of
resistance to the drug, meaning that its effectiveness can wear off.

As scientists gained a better understanding of the virus, they developed drugs that
target different stages of viral replication. Protease inhibitors, which interfere with the
ability of newly formed viruses to mature and become infectious, were introduced in
1995.1 At the same time, scientists recognized that treating patients with a combination
of drugs that attack the virus in different ways reduces the opportunity for HIV to mutate
and develop resistance. The introduction of these drug combinations, called highly active
antiretroviral therapy (HAART),led to dramatic improvements in the survival of HIV-infected
patients. As a result, the number of AIDS deaths fell by more than half between 1996 and
1998 and has continued to decline since then."?

The development of effective treatments for HIV/AIDS has had many beneficial
consequences. HAART can reduce viral load to undetectable levels in the blood and body
fluids of many patients, which greatly reduces the likelihood that the virus will be transmit-
ted to others through sexual contact and other means. The availability of effective therapy
also encourages at-risk people to be tested and counseled on ways to protect themselves
and to prevent transmission of the virus to others. Scientists hoped that HAART would
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be able to completely eradicate HIV from the body, but this hope has not been realized.
The virus manages to survive in protected reservoirs of the body, rebounding into active
replication when the drugs are withdrawn. For some patients, side effects of the drugs
can be severe and even fatal; about 40 percent of patients treated with protease inhibitors
develop lipodystrophy, characterized by abnormal distributions of fat in the body, some-
times accompanied by other metabolic abnormalities."* Moreover, the virus can develop
resistance to these drugs if used improperly. A survey of blood samples taken between
1999 and 2003 found that 15 percent were resistant to at least one drug.™*

New drugs continue to be developed, including a class called “fusion inhibitors,”
introduced in 2003, which interfere with HIV’s ability to enter a host cell, and a class
called integrase inhibitors, introduced in 2002, which prevents the virus from integrat-
ing into the genetic material of human cells."® A totally new approach, published in 2014
but not ready for clinical application, uses genetic engineering to knock out a receptor
on the membrane of T cells, making them resistant to HIV.'® Thus for many patients,
HIV infection has become a chronic disease, necessitating life-long therapy but enabling
them to live a relatively normal life. The drugs are expensive however, costing an average
of $23,000 per year per patient, and many insurance plans cover only a limited portion
of the cost.!”!8

The greatest hope for controlling AIDS, especially in the developing world where
the new drugs are unaffordable, is to develop an effective vaccine. Prevention through
immunization has been the most effective approach for the viral scourges of the past,
including smallpox, measles, and polio. Early hopes for the rapid availability of a vaccine
against AIDS have faded, however. In fact, after several promising vaccine candidates
failed in clinical trials, the National Institutes of Health (NIH) held a meeting of vac-
cine researchers in March 2008, to reassess whether a vaccine will ever be possible and
what new approaches could be tried." It should perhaps not be surprising that a virus so
well adapted to disabling the immune system should be so effective at eluding attempts
to employ that same immune system against it. Part of the difficulty in developing an
effective vaccine is that the virus itself is constantly changing its appearance, making it
unrecognizable to the immune mechanisms that are mobilized against it by a vaccine.
This quality is common to RNA viruses. Another difficulty is that there is no good animal
model for studying HIV/AIDS.*

At present, the most effective way to fight AIDS is to prevent transmission (step 3 in
the chain of transmission). This requires education and efforts at motivating people to
change their high-risk behavior, an exceedingly difficult task.

HIV seems to have appeared from nowhere and to have spread over the entire world
within a decade. Where did the virus come from? Genetic studies of HIV show that it is
related to viruses that commonly infect African monkeys and apes, and it seems likely that
a mutation allowed one of these viruses to infect humans. There is evidence that this type
of event—cross-species transmission of viruses—may occur fairly frequently. Monkeys
and chimpanzees are killed for food in parts of Africa, which could explain how humans
were exposed.!! HIV is remarkable, however, for the speed with which it has spread into
the human population worldwide.
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Scientists conjecture that the human form of the virus may have existed in isolated
pockets of Africa for some time, but that its rapid spread was the result of social con-
ditions in Africa and the United States in the late 1970s. Because symptomatic AIDS
does not appear until several years after the original infection, the first victims of the
1980s were probably infected in the early and mid-1970s. Investigators trying to track
the early spread of the epidemic have gone back to test stored blood samples drawn in
earlier times, and they have found HIV-infected samples from as early as 1966, in the
blood of a widely traveled Norwegian sailor who died of immune deficiency. The sailor’s
wife and one of his three children later died of the same illness, and their stored blood,
when tested, was also found to be infected with HIV.?! An even older blood sample
drawn from a West African man in 1959 has been found to contain fragments of the
virus, but it is not known whether the man developed AIDS.* This evidence implies
that sporadic early outbreaks of the disease occurred in isolated African villages, going
undetected for decades.

The reasons for the recent emergence of HIV disease as a significant problem include
the disruption of traditional lifestyles by the movement of rural Africans to urban areas,
trends magnified by population growth, waves of civil war, and revolution. The appar-
ent worldwide explosion of AIDS then occurred because of changing patterns of sexual
behavior and the use of addictive drugs in developed and developing countries, together
with the ease of international air travel.

Ebola

In 1976, before the AIDS epidemic was recognized but while, as scientists now believe,
the virus was spreading silently into African cities, another viral illness broke out with
much more dramatic effect in Zaire and Sudan. Symptoms caused by the previously
unidentified Ebola virus include fever, vomiting and diarrhea, and severe bleeding from
various bodily orifices. Several hundred people became ill from the disease, and up to 90
percent of its victims died. The disease spread rapidly from person to person, affecting
especially family members and hospital workers who had cared for patients. Investigators
from the CDC and WHO identified the virus and helped devise measures, including
quarantine, to limit the spread of the disease, which eventually disappeared. The Ebola
virus broke out again in Zaire in the summer of 1995, killing 244 people before it again
seemed to vanish.? Since then, there have been repeated outbreaks in West and Central
Africa. According to CDC data, more than 800 Africans died of Ebola between 1996
and early 2013.

The Ebola virus infects monkeys and apes as well as humans, and on a number of
occasions infected monkeys have been imported into the United States. In 1989, a large
number of monkeys imported from the Philippines died of the viral infection at a pri-
mate quarantine facility in Reston, Virginia. In that episode, which served as the basis for
Richard Preston’s book, The Hot Zone, several laboratory workers were exposed to the
virus, which fortunately turned out to be a strain that did not cause illness in humans.”
Fruit bats, common in African jungles, are thought to serve as the reservoir for the virus
between outbreaks in the human population.” There are indications that, like HIV, Ebola
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Ready to treat an Ebola Patient.

may spread to humans when they handle the carcasses of apes used for food. Unlike HIV,
the Ebola virus kills the apes it infects, leading to significant declines in populations of
gorillas and chimpanzees; outbreaks in humans have been preceded by the discovery of
dead animals near villages where the outbreaks occur.”” There is now concern that Ebola
may be pushing West African gorillas to extinction. Attempts to develop a vaccine for
humans have had success in protecting monkeys in laboratory studies; whether such a
vaccine could be delivered safely to wild gorillas is uncertain.”®

In 2014,a major Ebola epidemic spread through the populations of several countries
in West Africa. Hardest hit were Liberia, Guinea, and Sierra Leone, poor countries that

have been plagued by political unrest and inadequate medical care systems. Ebola spread
easily to healthcare workers and to family members who cared for patients. Corpses of
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people who died of the disease teemed with the virus, and the West African funeral cus-
toms of touching and kissing the dead contributed to the contagiousness of the disease.
An explosion of cases in Sierra Leone was triggered by the funeral of a traditional healer
in early summer.” Medical workers learned to don protective clothing that covered all
surfaces of their bodies. However, in the heat of the West African summer, it was hard for
workers to spend much time in such cumbersome garb.

More than 28,600 cases, with about 11,300 deaths, have been reported in the West
African epidemic,and those numbers are thought to be undercounts.* This time, the virus
came to the United States. The first patient was a Liberian man who became ill while visiting
relatives in Dallas, Texas in September 2014. Thomas Eric Duncan was taken to a hospital,
examined, and sent home with antibiotics. Although hospital staft were told he had been
in Guinea, the information did not trigger alarm, and Ebola was not suspected. Three days
later, Duncan’s condition worsened and he was taken back to the hospital, where he died
on October 8.*° Two nurses who cared for him contracted the disease within days of his
death. They were treated at two of four hospitals in the United States that have special units
for treating dangerous infectious diseases: Emory University Hospital and the National
Institutes of Health Clinical Center. Both women recovered.’® Another American patient,
Dr. Craig Spencer, arrived in New York in late October after treating patients in Guinea
with Doctors Without Borders. He had been monitoring himself and was hospitalized at
Bellevue Medical Center when he developed a fever. Dr. Spencer also recovered.*

The better outcomes achieved by American patients, compared with the high death
rate among West Africans—which in some West African countries was more than 70
percent—is due in part to excellent supportive care provided them in U.S. hospitals. One
measure some of them received was transfusion with serum from survivors, which con-
tains antibodies to the virus. Some patients were treated with ZMapp, an experimental
drug. Whether either of these treatments contributed to their survival is not certain and
would need to be tested in a clinical trial. A surprising finding has been that, even after a
patient appears to be fully recovered, the virus may linger in his/her body. Male survivors
have been warned to use condoms because their semen contains Ebola virus for a still
unknown period after recovery. Dr.Ian Crozier, who contracted the disease when working
with WHO in Sierra Leone and was evacuated to Emory University Hospital in September
2014, learned after his discharge that one eye was badly infected with virus and he was
in danger of losing his sight. He was treated with an experimental drug and gradually
recovered his vision. Many of the survivors have also reported other aftereffects of the
disease, including extreme fatigue, joint and muscle pain, and hearing loss.”

Several drugs appear to show promise in treating Ebola, although none has yet proved
itself effective in a clinical trial. ZMapp, a combination of three antibodies, proteins that
can attach to the virus and neutralize them, has shown promise in monkey studies. It may
have helped the nine patients in the United States that were treated with it, many of them
healthcare workers returned from Africa. A drug called favipiravir, developed in Japan
as a treatment for influenza, works by interfering with the virus’s ability to copy itself. It
was given to a number of patients in Guinea and appeared to be helpful in patients whose
viral load was low to moderate. An older anti-Ebola drug, TKM-Ebola, created to fight the
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strain prevalent in an earlier outbreak in Central Africa, has been adapted to the current
West African strain and was found to be effective in treating monkeys infected with the
virus. In March 2015, a clinical trial of TKM-Ebola was launched in Sierra Leone, where
the disease was still spreading.***

Developing and testing these drugs has been difficult, time-consuming, and contro-
versial. They all require genetic engineering. Supplies of ZMapp were limited early in the
epidemic, and they were exhausted by their use for American patients. In response to criti-
cism that the drugs were not given to Africans, who suffered the brunt of the epidemic, one
South African researcher was quoted as saying, “It would have been a front-page scream-
ing headline: Africans used as guinea pigs for American drug company’s medicine.”* As
supplies of all three drugs became more plentiful and clinical trials were being planned,
the epidemic began to wane in West Africa. Several trials were cancelled, but the one on
TKM-Ebola in Sierra Leone was completed. Results are not yet available.

Trials of an experimental vaccine,by CDC and several institutions in Sierra Leone, is
under way, focusing on workers most likely to be exposed to Ebola including doctors and
nurses, cleaning staff, ambulance teams, and burial workers. Several other vaccines are
also being tested. The waning of the epidemic by the time the trials began in April, while
good news, makes it more difficult to determine the efficacy of the vaccines.”” While the
need for drugs and vaccines may be ending for now, all Ebola experts expect that there
will be more epidemics in the future.

Publicity about Duncan and healthcare workers who were exposed to Ebola through
him or in West Africa caused alarm in the United States. The fact that Dr. Spencer had
spent several days in New York City on his return from Africa, dining out, bowling,
and taking the subway before he began to feel ill raised concern, although no one was
infected by his actions.® In October 2014, the governors of New York and New Jersey
announced that all healthcare workers returning from West Africa would be quarantined.
The first person affected by this policy was Kaci Hickox, a nurse who had worked with
Doctors Without Borders in Sierra Leone treating Ebola patients. After a grueling two-
day journey from Africa, she was greeted at Newark Liberty Airport by a frenzy of fear
and disorganization. After being detained for hours among officials who had donned
coveralls, gloves, and face shields, Hickox was sent to a nearby hospital. There she was
placed in a tent with a toilet but no shower and told she would be kept there for a 21-day
mandatory quarantine.*

Hickox appeared on a Sunday talk show to criticize Governor Christie’s policy. She
noted that Ebola is infectious only after a patient begins to show symptoms and that she
had not had symptoms. Moreover, a blood test had found no evidence of Ebola infection.
Hickox hired a legal team to defend her civil rights, and Christie, after four days, freed her
from the quarantine and arranged for her to be driven to her home in Maine. She never
developed the disease.*

After the Hickox fiasco, policies on quarantine eased in most of the United States as
science began to guide policy. It was recognized that mandatory isolation would discourage
medical volunteers from going to West Africa to help eradicate the epidemic at its source.
Most returning workers were willing to endure a milder form of quarantine at home, being
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monitored by public health workers, taking their temperature twice a day, and keeping a
distance of three feet from others when in public.*

Other Emerging Viruses

Other new or resurgent viruses have appeared in various parts of the world, including
the United States, in the recent past. In May and June 2003, for example, public health
authorities in Illinois and Wisconsin received reports of a disease similar to smallpox
among people who had had direct contact with prairie dogs. Prompt investigation by state
officials and the CDC identified the cause as monkeypox virus, which was known from
outbreaks in Africa. Although known to infect monkeys, the primary hosts for monkey-
pox are rodents.*

The outbreak in the United States spread to 72 people in six Midwestern states. For-
tunately, monkeypox is not highly contagious in humans, and it is a less severe disease
than smallpox. No one died in the outbreak. However, the incident raised alarms about
exotic pets. The illness in the prairie dogs was traced back through pet stores and animal
distributors to an Illinois distributor, who in April had imported several African rodents,
including a Gambian giant rat that had died of an unidentified illness. In June 2003, the
U.S. government banned the import of all rodents from Africa. Careful surveillance and
isolation of exposed people and animals halted the outbreak by the end of July, and no
further cases of monkeypox have been reported since then.*

In 1993, the CDC was called in when two healthy young New Mexico residents living
in the same household died suddenly within a few days of each other of acute respira-
tory distress, their lungs filled with fluid. Within three weeks, biomedical scientists had
recognized that the illness, which had claimed several other victims in the Four Corners
area of the Southwest, was caused by hantavirus. Named after the Hantaan River in Korea,
the hantavirus had been responsible for kidney disease among thousands of American
soldiers in Korea during the 1950s. In New Mexico, the virus was found to be carried by
deer mice, which had been unusually plentiful in the Four Corners area because of an
unusually wet winter. All of the human victims of hantavirus had had significant exposure
to mouse droppings, either in their homes or in their places of work.*

The CDC declared hantavirus pulmonary syndrome (HPS) a notifiable disease in
1995,and as of the end of 2013, 606 cases had been reported in 34 states.* Over one-third
of the victims have died, often in a matter of hours. It was hoped that adding HPS to the
list of notifiable diseases would help medical workers to recognize it more readily. In the
case of a Rhode Island college student who may have contracted the disease in 1994 from
exposure to mouse droppings while making a film at his father’s warehouse, the hospital
did not recognize that he was seriously ill and sent him home from the emergency room
the first time he appeared there; two days later he returned much sicker, and he died five
hours after being hospitalized.*

Rodents are suspected as carriers of several hemorrhagic fevers with symptoms similar
to those caused by hantavirus or the Ebola virus: Bolivian hemorrhagic fever (caused by
the Machupo virus), Argentine hemorrhagic fever (caused by the Junin virus), and Lassa
fever in Sierra Leone are all carried by rats. Well-known, insect-borne viruses, such as
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yellow fever and equine encephalitis, are resurgent in areas of South and Central America
where they had been thought to be vanquished. Dengue fever, also spread by mosquitoes,
has taken on the new, deadly form of a hemorrhagic fever and is spreading north through
Central America, threatening people along the southern border of the United States.”

In the summer of 1999, the United States first experienced the effects of West Nile
virus, which spread rapidly across the country over the next few years. The first sign of the
new disease was a report to the New York City Health Department by an infectious disease
specialist in Queens, New York that an unusual number of patients had been hospitalized
with encephalitis, an inflammation of the brain. The disease was suspected to be St. Louis
encephalitis, a mosquito-borne disease that is endemic in the southern United States,
and the diagnosis was supported by the patients’ reports that they had been outdoors in
the evenings during peak mosquito hours. Soon, however, it became obvious that a great
number of dead crows were being found in the New York area, and a veterinarian at the
Bronx Zoo reported that there had been unprecedented deaths among the zoo’s exotic
birds. Lab tests confirmed that the virus causing the human disease was the same as the
one that was killing the birds, but St. Louis encephalitis virus was not known to infect birds.
West Nile virus was well known in Africa, West Asia, and the Middle East. It is known to
be fatal to crows and several other species of birds. It also infects horses. Fifty-six patients
were hospitalized in the New York epidemic, seven of whom died.**

How the West Nile virus came to New York is not known. The most likely explana-
tion is that it came in an infected bird, perhaps a tropical bird that was smuggled into the
country. The virus is easily spread among birds by several species of mosquitoes, some
of which also bite humans. Although the threat disappeared with the mosquitoes after
the first frost in the fall, the next summer saw a spread of the disease to upstate New York
and surrounding states. Carried by migratory birds, the virus has now arrived in all 48
contiguous states.*’ It appears that West Nile virus is here to stay. In 2013 it caused illness
in 2469 people.® While the infection proves fatal to a small percentage of human victims,
it often leaves patients with long-term impairments, including fatigue, weakness, depres-
sion, personality changes, gait problems, and memory deficits.!

Public health professionals fight the virus by educating the public about eliminat-
ing standing water where mosquitoes breed, wearing long sleeves, and using repellant.
A vaccine is available for horses, and scientists are working on developing a vaccine that
will be effective for humans.

A variety of environmental factors are responsible for the recent emergence of so
many new pathogens. Human activities that cause ecological changes, such as deforesta-
tion and dam building, bring people into closer contact with disease-carrying animals.
Modern agricultural practices, such as extreme crowding of livestock, intensify the risk
that previously unknown viruses will incubate in crowded herds and be widely dispersed to
human consumers. International distribution of meat and poultry may help to spread new
pathogens. The popularity of exotic pets in the United States also can lead to the spread of
pathogens, like monkeypox and perhaps West Nile virus, from animals or birds to people.
A breakdown of public health efforts such as mosquito control programs because of com-
placency or insufficient funding has resulted in the reappearance of insect-borne diseases.
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Spread of the viruses in developing countries is facilitated by urbanization, crowding, war,
and the breakdown of social restraints on sexual behavior and intravenous drug use. U.S.
residents will not be able to escape the effects of these new pathogens. The ease and speed
of international travel means that a new infection first appearing anywhere in the world
could traverse entire continents within days or weeks. This was dramatically illustrated by
the emergence and rapid spread of SARS. The SARS virus is believed to have been trans-
mitted to humans from an animal species used for food in China, possibly the civet cat.

Influenza

Influenza—the “flu”—may seem like an old familiar infectious disease. However, it can
be a different disease from one year to the next and has the capacity to turn into a major
killer. This happened in the winter of 1918-1919, when the flu killed 20 million to 40
million people worldwide, including 196,000 people who died in the United States in
October.” Even in the average year, influenza kills 250,000 to 500,000 people worldwide.*
Although normally most deaths from flu occur in people above age 65, the 1918 epidemic
preferentially struck young people.

Influenza virus has been studied extensively, and vaccination can be effective, but
constant vigilance is necessary to protect people from the disease. Like HIV, influenza is
an RNA virus, constantly changing its appearance and adept at eluding recognition by
the human immune system. Because of the year-to-year variability of the flu virus, flu
vaccines must be changed annually to be effective against the newest strain. Each winter,
viral samples are collected from around the world and sent to WHO, where biomedical
scientists conduct experiments designed to predict how the virus will mutate into next
year’s strain. These educated guesses form the basis for next year’s vaccine.

Atunpredictable intervals,however, a lethal new strain of the flu virus can come along,
as it did in 1918. A strain that caused the Asian flu emerged in 1957, and a third, called
Hong Kong flu, arrived in 1968. Neither of the latter outbreaks was as deadly as the 1918
epidemic, although a not insignificant 70,000 Americans died from the Asian flu.In 1976,
CDC scientists thought they had evidence that another deadly strain—swine flu—was
emerging, and the country mobilized for a massive immunization campaign. That time,
the scientists had made a mistake; the anticipated epidemic never occurred. Infectious
disease experts have for decades been expecting a new epidemic, which did occur in 2009,
as discussed later in this section.

New strains of influenza virus, especially those that have undergone major changes,
tend to arise in Asia, particularly China, and then spread around the world from there.
One of the reasons China is an especially fertile source of new flu strains is that animal
reservoirs for influenza—pigs and birds—are common there, living in close proximity to
humans. Human and animal influenza viruses incubate in a pig’s digestive system, form-
ing new genetic combinations, and are then spread by ducks as they migrate. While such
hybrid viruses, containing human and animal genes, are only rarely capable of infecting
humans, those that are able to do so are the most likely to be deadly.
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Until recently, little was known about what made the 1918 strain of influenza so
deadly, or how to predict the lethality of new strains that come along. Recently, however,
genetic studies have been possible using samples of the 1918 virus. Tissue taken from
soldiers who died in 1918 had been stored at the Armed Forces Institute of Pathology in
Washington, D.C.and from victims in an Alaskan village who were buried in permanently
frozen ground. Scientists have found that the 1918 virus has features in common with
avian flu viruses that make them especially dangerous to humans, and they also resemble
the human virus enough that they can spread easily among people.* Similar avian features
were found in the viruses that caused epidemics in 1957 and 1968.

Thus influenza experts were alarmed in 1997, when a 3-year-old Hong Kong
boy died from a strain of influenza virus that normally infected chickens. There had
been an epidemic of the disease in the birds a few months earlier. Antibodies to the
virus were found in the blood of the boy’s doctor, although he did not become ill,
and public health authorities watched for more cases with great concern. Two dozen
other people became sick by December, and six died. To prevent further transmission
from chickens to humans, the Hong Kong government ordered that all 1.5 million
chickens in the territory be killed. That action seems to have been effective in halting
the epidemic in humans.”

Bird flu emerged again in 2003 and has become widespread in Asia, Africa, Europe,
and the Middle East, despite efforts to eliminate it by killing millions of birds.* Between
2003 and the end of 2013, 649 human cases in 16 countries were reported and more than
half had died.”” Thus far it appears that most of the human victims of the bird flu caught
the virus from chickens, not from other humans. There is great concern that mixing of
the viral genes could occur in a person infected with both the bird virus and a human
flu virus, resulting in a much more virulent strain capable of spreading among humans.
The new virus could start a global pandemic of a lethal form of the disease, as in 1918.

An outbreak of avian influenza struck the United States in spring 2015. Millions of
turkeys and chickens have died or been culled in Midwestern states. No humans have
caught this flu, but there is concern that it might happen. This virus, which shares some
genes with the avian flu that infected poultry in Asia and Europe, is believed to have been
carried to this continent by migrating ducks, geese, and swans. When it arrived in the
new world, the virus then mixed with genes from North American viruses. The National
Institutes of Health developed an experimental vaccine against the bird flu when it first
affected humans in Asia. The CDC is considering whether it might provide some protec-
tion to workers dealing with infected flocks. It is also working on a vaccine against the
new virus.*

In late 2011, controversy arose over research funded by the National Institutes of
Health that created a highly transmissible form of the avian flu virus. The work was done
in ferrets, which are a good model of how flu viruses behave in humans. Two groups of
researchers, at the University of Wisconsin and a Dutch university, created mutations in
the virus that enabled it to spread by aerosol. The National Science Advisory Board for
Biosecurity asked that details of the experiments be withheld from publication to prevent
terrorists from replicating them.”
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However, a meeting of the WHO in February 2012 concluded that the risk of its use
by bioterrorists was outweighed by the danger that changes might occur naturally in the
wild that would give the virus the ability to cause a pandemic.® Full publication will allow
scientists to recognize warning signals that the virus is becoming more dangerous, which
also might lead to better treatments.

The public health approach to influenza control can serve as a model for how to pre-
dict and possibly prevent the spread of other new viral threats. As the AIDS epidemic has
shown, a new virus can come from “nowhere” and wreak havoc all over the world within
a few years. Complacency over the “conquest” of infectious diseases has led governments
to cut budgets and reduce efforts at monitoring disease. That should not happen again.
The public health information-gathering network is more important than ever.

New Bacterial Threats

Bacteria, which a few decades ago seemed easily controllable because of the power of anti-
biotics to wipe them out, have, like viruses, emerged in more deadly forms. Previously
unknown bacterial diseases such as Legionnaires disease and Lyme disease have appeared.
More baffling is the fact that some ordinary bacterial infections have turned unexpectedly
lethal. A great cause for concern is the development of resistance to drugs. Resistance can
spread among pathogens of the same species and even from one bacterial species to another.

Legionnaires’ disease and Lyme disease are not new, but only recently have they
become common enough to be recognized as distinct entities and for their bacterial
causes to be identified. Legionella bacteria were able to flourish in water towers used for air
conditioning. Regulations requiring antimicrobial agents in the water have been effective
in limiting the spread of Legionnaires’ disease. The conditions that promote the spread of
Lyme disease, however, are more difficult to change. The pathogen that causes Lyme disease
was identified in 1982 as a spirochete that is spread by the bite of an infected deer tick.®!
The reservoir for Lyme disease is the white-footed mouse, on which the deer tick feeds and
becomes infected. Deer, on which the ticks grow and reproduce, are an important step in
the chain of infection, and it is because of the recent explosion in the deer population in
suburban areas that Lyme disease has now become such a problem for humans.

Infection with streptococci, the bacteria that cause strep throat,had normally been eas-
ily cured with penicillin. However, for reasons that are not well understood, a more lethal
strain of the bacteria, called group A streptococci, has become increasingly common. The
sudden death of Muppets puppeteer Jim Henson in 1990 from fulminating pneumonia
and toxic shock was caused by this new, virulent strain. The headline-grabbing “flesh-eating
bacteria” that infect wounds to the extent of necessitating amputations and even causing
death are also group A streptococci. The group A strain, which produces a potent toxin, was
prevalentin the early part of the 20th century, when it caused scarlet fever, frequently fatal
in children, and rheumatic fever, which often caused damage to the heart. For decades,
the group A strain was superseded by strains B and C, which were much milder in their
pathogenic effects. But now, for reasons that are not clear, the group A strain has become
much more prevalent.*>%
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Another bacterium that has recently become more deadly is Escherichia coli, which
is normally present without ill effect in the human digestive tract.In 1993, the new threat
gained national attention when a number of people became severely ill after eating ham-
burgers at a Jack in the Box restaurant in Seattle, and four children died of kidney failure.
The culprit was found to be a new strain of E. coli, which had acquired a gene for shiga
toxin from a dysentery-causing bacterium. The toxin, against which there is no treatment,
causes kidney failure, especially in children and the elderly. The shiga toxin gene had
“jumped” from one species of bacteria to another while they were both present in human
intestines. The resulting strain, called E. coli serotype O157:H7, is now quite common in
ground beef, leading public health authorities to reccommend or require thorough cooking
of hamburgers.?'®42” The “jumping gene” phenomenon has also been found in cholera
and diphtheria bacteria, bacterial strains that can be benign or virulent depending on the
presence or absence of genes that produce toxins.

Since the finding that E. coli O157:H7 is common in hamburger, it has been discovered
to cause illness by a number of other exposures, including unpasteurized apple cider and
alfalfa sprouts.®®r10-160 I 1999, there was an outbreak in upstate New York among people
who had attended a county fair. The bacteria were found in the water supplied to food and
drink vendors. It turns out that E. coli O157:H7 is widespread in the intestines of cattle,
especially calves, which excrete large quantities of the bacteria in manure. The manure may
contaminate apples fallen from trees or other produce, which if not thoroughly washed
before being consumed, may spread the disease to people. At the New York State county
fair, the water was contaminated because heavy rain washed manure from the nearby
cattle barn into a well.® A vaccine against the toxic bacteria has been approved for cattle
in the hope of reducing the risk of human exposure.®

Perhaps the most disturbing development in infectious diseases is the antibiotic resistance
among many species of bacteria, a development that leaves physicians powerless against
many diseases they thought to be conquered. The process by which bacteria become
resistant to an antibiotic is a splendid example of evolution in action. In the presence of
an antibiotic drug, any mutation that allows a single bacterium to survive confers on it a
tremendous selective advantage. That bacterium can then reproduce without competi-
tion from other microbes, transmitting the mutation to its offspring. The result is a strain
of the bacteria that is resistant to that particular antibiotic. The mutated gene can also
“jump” to other bacteria of the same or different species by the exchange of plasmids,
small pieces of DNA that can move from one bacterial organism to another. Different
mutations may be necessary to confer resistance to different antibiotics. Some bacteria
become resistant to many different antibiotics, making it very difficult to treat patients
infected with those bacteria.

Improper use of antibiotics favors the development of resistance, and the current
widespread existence of resistant bacteria testifies to the carelessness with which these life-
saving drugs have been used. For example, since antibiotics are powerless against viruses,
the common practice of prescribing these drugs for a viral infection merely affords stray
bacteria the opportunity to develop resistance. Another example of improper use is the
common tendency of patients to stop taking an antibiotic when they feel better instead
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of continuing for the full prescribed course. The first few days’ dose may have killed off
all but a few bacteria, the most resistant, which may then survive and multiply, becom-
ing much more difficult to control. In some countries, antibiotics are available without a
prescription, increasing the likelihood that they will be used improperly.

A practice that significantly contributes to antibiotic resistance is the widespread use
in animal feeds of low doses of antibiotics for the purpose of promoting the growth of
livestock and to prevent disease among animals living in crowded, unsanitary conditions.
More antibiotics are used in this manner than in medical applications, and the practice has
clearlyled to the survival of resistant strains of bacteria that may not only contaminate the
meat but that may also spread the antibiotic resistance genes to other bacteria.”” Studies
have shown that these “superbugs” can be transmitted to humans.*® Because the agricultural
industry benefits from the practice and has fought restrictions, the government has found
it difficult to impose regulations on it. In 2013, the FDA took the step of asking antibiotics
manufacturers to modify their labels in a way that discourages overuse of the drugs. The
FDA also called for all use of antibiotics in farm animals to be overseen by veterinarians.*

The bacteria Salmonella and Campylobacter are estimated to cause 3.8 million cases
of food-borne illness in the United States each year. In a 1999 study, 26 percent of the
salmonella cases and 54 percent of the campylobacter cases were found to be resistant to
at least one antibiotic, probably because of antibiotic use in animal feed.” Resistance to
erythromycin and other common antibiotics is increasingly found in group A streptococci,
the lethal strain discussed previously.”! Infection with methicillin-resistant Staphylococcus
aureus (MRSA) is a major problem in hospitals, burn centers, and nursing homes, where
hospital staff may carry the bacteria from one vulnerable patient to another. Intensive
efforts have succeeded in reducing the rates of MRSA infections in hospitalized patients
by 54 percent between 2005 and 2011.72 Healthcare-associated infections, many of them
caused by drug-resistant bacteria, are estimated to contribute to some 100,000 deaths
annually in the United States.”

Multidrug-Resistant Tuberculosis (MDR TB)

Tuberculosis, which is spread by aerosol, used to be a major killer in the United States.
Between 1800 and 1870, it accounted for one out of every five deaths in this country.
Worldwide, it is still the leading cause of death among infectious diseases. It is a disease
associated with poverty, thought to be conquered in the affluent United States, where the
incidence of tuberculosis steadily declined between 1882 and 1985. Much of the success
came from the early public health movement, which emphasized improvement of slum
housing, sanitation, and pasteurization of cows’ milk, which harbored a bovine form of
the bacillus that was pathogenic to humans. Patients were isolated in sanatoriums, where
they were required to rest and breathe fresh air and, incidentally, were prevented from
infecting others. With the introduction of antibiotics in 1947, mortality from tuberculosis
was dramatically reduced, sanatoriums were closed, and tuberculosis seemed vanquished.

In 1985, however, the trend reversed. There were several reasons for the increase in
the incidence of tuberculosis, which was particularly concentrated in cities and among
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minority populations. The HIV epidemic was certainly a major factor. People with defec-
tive immune systems are more susceptible to any infection, but HIV-positive people are
especially vulnerable to tuberculosis. An increasing homeless population and the rise in
intravenous drug use, both of which are associated with HIV infection, were also factors
in increasing tuberculosis rates. Homeless shelters, prisons, and urban hospitals are prime
sites for the transmission of tuberculosis.

But tuberculosis is not limited to the “down and out” or those who participate in
high-risk behavior. “The principal risk behavior for acquiring TB infection is breathing;’
as one expert says.”* 1 People have been infected with tuberculosis bacilli in the course
of a variety of everyday activities: a long airplane trip sitting within a few rows of a person
with active tuberculosis,”” hanging out in a Minneapolis bar frequented by a homeless
man with active tuberculosis,”® and, most frighteningly, attending a suburban school with
a girl whose tuberculosis went undiagnosed for 13 months.”

When tuberculosis bacilli are inhaled by a healthy person, they do not usually cause
illness in the short term. Most often, the immune system responds by killing off most of
the bacilli and walling off the rest into small, calcified lesions in the lungs called tubercles,
which remain dormant indefinitely. Evidence that a person has been exposed shows up in
tuberculin skin tests, which cause a conspicuous immune response when a small extract
from the bacillus is injected under the exposed person’s skin. For reasons that are not well
understood, probably having to do with individual immune system variations, a small
percentage of people develop active disease soon after exposure; others may harbor the
latent infection for years before it becomes active, if ever. Infected people have a 10 per-
cent lifetime risk of developing an active case. The risk for people who are HIV positive
is much higher: up to 50 percent. Most cases of active tuberculosis are characterized by
growth of the bacilli in the lungs, causing breakdown of the tissue and the major symp-
tom—coughing—which releases the infectious agents into the air.

Before the introduction of antibiotics, about 50 percent of the patients with active
tuberculosis died. Antibiotics dramatically reduced not only the mortality rate, but the
incidence rate as well, since the medication relieved coughing and therefore inhibited the
spread of disease. However, the development of multidrug resistance (MDR), in some strains
of the bacilli, has meant that the disease is much more difficult and expensive to treat,and
the mortality rate is much higher.

The increased prevalence of the antibiotic resistant strains in all parts of this country
during the 1980s is thought to be due to the fact that many patients did not take their
medications regularly. The tuberculosis bacillus is a particularly difficult pathogen to deal
with because it grows slowly and because diagnostic testing can take several weeks. Once
the disease is diagnosed, even the most potent antibiotic must be taken for several months
to wipe out the pathogens. Patients commonly begin to feel better after 2 to 4 weeks of
taking an effective prescribed drug and, if they stop taking the medication at that point,
they may relapse with a drug-resistant strain.

That MDR TB can be a threat to all strata of society was made clear by an epidemic
that was finally recognized in a suburban California school in 1993. The source of the
outbreak was a 16-year-old immigrant student who had contracted the disease in her
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native Vietnam.”” She had developed a persistent cough in January 1991, but her doctors
had failed to diagnose the cause as tuberculosis until 13 months later. Even then, they did
not report the case to the county health department, as required by law, and when the
case was reported by the laboratory that had analyzed her sputum, the doctors refused to
cooperate with the health department. By the time the county authorities took over her
case in 1993, the girl had developed a drug-resistant strain. In accordance with standard
public health practice, the health department then began screening all the girl’s contacts
for tuberculosis infection. Some 23 percent of the 1263 students given the tuberculin skin
test were found to be positive for exposure to the infection. Of those, 13 students had active
cases of the drug-resistant strain of the disease. Fortunately, no one died.”®

It is clearly in the community interest to ensure that all tuberculosis patients be
properly diagnosed and provided a full course of medications, whether or not they can
afford to pay, to prevent them from spreading the disease. New York City has proven that,
by applying public health measures, it is possible to reverse the trend of increasing MDR
TB, a trend that had been worse in that city than anywhere else in the nation. In 1992, the
number of tuberculosis cases diagnosed in the city had nearly tripled over the previous
15 years, and 23 percent of new cases were resistant to drugs. The city and state began
intensive public health measures, which included screening high-risk populations and
providing therapy to everyone diagnosed with active tuberculosis. A program of directly
observed therapy (DOT) was instituted for patients who were judged unlikely to take their
medications regularly. Outreach workers traveled to patients’ homes, workplaces, street
corners, park benches, or wherever necessary to observe that each patient took each dose of
his or her medicine. As a result of these measures, the number of new cases of tuberculosis
fell in 1993, 1994, and 1995, and the percentage of new cases that were MDR also fell by
30 percent in a 2-year period.” New YorKk’s success has been echoed by national trends, as
shown in (FIGURE 10-1), giving hope that concerted public health efforts can eliminate
tuberculosis as a serious public health threat in the United States. DOT is recognized all
over the world as the most effective approach to dealing with tuberculosis.

As Figure 10-1 shows, the majority of tuberculosis cases reported in the United States
are found among foreign-born persons. This reflects the fact that tuberculosis infection is
widespread throughout the world, especially in developing countries and in countries with
high rates of HIV infection. The prevalence of MDR TB strains is a major concern; the
proportion of TB cases that are MDR can reach 20 percent in some countries, especially
those of the former Soviet Union.* In the United States, the proportion of multidrug-
resistant cases is only about 1 percent, mainly occurring among foreign-born persons.®
Because of immigration and international travel, the United States will need to continue
tuberculosis control programs at home and to actively participate in global efforts to
control the disease around the world to avoid future outbreaks in this country.

The CDC in 2007 revised its requirements for overseas medical screening of appli-
cants for immigration to the United States.® Federal agencies also developed measures
to prevent individuals with certain communicable diseases, including active tubercu-
losis, from traveling on commercial aircraft. Names of these individuals are placed on
a Do Not Board list by federal, state, or local public health agencies and distributed to
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FIGURE 10-1 Number of Tuberculosis Cases Among U.S.-Born and Foreign-Born Persons, by Year
Reported, for United States 1993-2013

Data from: “Reported Tuberculosis in the United States, 2013.” Atlanta, GA: U.S., Department of Health and Human Services, Centers for Disease Control and Prevention, October
2014, Table 5, www.cdc.gov/th/statistics/reports/2013 /pdf /report2013.pdf, accessed September 21, 2015.

international airlines. A similar list is distributed to border patrol authorities in order to
prevent individuals deemed dangerous to the public health from entering the country
through a seaport, airport, or land border. These lists are managed by the CDC and the
Department of Homeland Security.*®

In the 1990s, even more threatening strains of tuberculosis began to appear around
the world—extensively drug-resistant tuberculosis (XDR TB). While strains of MDR TB are
resistant to the most common anti-TB drugs, there are still some drugs that are effective
against them, although they are more expensive and are difficult to administer. XDR
TB is resistant to virtually all antituberculosis drugs, leading to a mortality rate of 50
percent or more. According to one expert, this raises “concerns about a return to the
pre-antibiotic era in TB control”#

In May 2007, an American lawyer, Andrew Speaker, caused an international health
scare when, after being tested for tuberculosis in Atlanta, he flew to Paris to be married
in Greece and spend his honeymoon in Europe. When the test results came in a few days
later, showing that he had XDR TB, the CDC contacted him in Rome and recommended
that he make arrangements for medical treatment there. Instead, he traveled to the Czech
Republic, took a flight from Prague to Montreal, and then drove to New York City where
he turned himself in at a hospital. He later explained that he preferred to be treated at
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home and was afraid he would not be allowed to board a plane bound for the United
States. The incident inspired headlines around the world as U.S. authorities tried to locate
Mr. Speaker and to track down passengers and crew members on the two trans-Atlantic
flights so that they could be tested for the infection. Back in the United States, Mr. Speaker
was held in isolation and eventually had surgery to remove the infected portions of his
lung. Further tests showed that he did not have XDR TB after all, although his infection
was MDR TB.* The incident presumably inspired the development of Do Not Board lists,
as described above.

Public health measures to protect airline passengers and American residents from
exposure are far from perfect. The CDC reports that despite the State Department’s require-
ment that immigrants and refugees undergo screening overseas, approximately 125 indi-
viduals with active TB arrive in the United States each year, mainly foreign visitors, foreign
students, and temporary workers. One example cited by the CDC occurred in 2011, when
the Ohio Department of Health reported to the CDC that a college student from China
had arrived with active TB. She had travelled from Japan on a flight to California that lasted
more than eight hours, and then taken two connecting flights to reach Ohio. As required
in such a situation, the airlines were asked to identify passengers who were potentially
exposed by sitting in the same row or two rows in front of or in back of the infected person.
The CDC then contacts state health departments, which are expected to notify individuals
in their jurisdictions of their potential exposures. In this case, 15 people were identified as
being at risk; the results of the notification process are not clear from the CDC report.*

It is clear that in the struggle between microbes’ ability to evolve new variations and
human ingenuity in devising new defenses against them, the microbes are gaining. In a
special issue of Science magazine devoted to emerging infections, a CDC scientist says
that a“post-antimicrobial era may be rapidly approaching,” when effective antibiotics will
no longer be available to treat bacterial infections.¥”®1% If so, that era will force public
health professionals back to more emphasis on prevention of disease transmission with
classical public health measures such as surveillance,immunization, sanitation, and infec-
tion control procedures.

Prions

As if new viruses and drug-resistant bacteria were not worrisome enough, a novel form
of infectious disease grabbed headlines in the 1990s. Creutzfeldt-Jakob disease (CJD) is
a rare and devastating disorder in which the patient becomes demented and ultimately
dies,and the brain appears spongy on autopsy because many brain cells have died. Similar
diseases in animals can be transmitted by injecting brain tissue from an infected animal
into the brain of a previously healthy one. However, no virus or bacteria has been found
responsible for causing the condition. In 1997, Stanley Prusiner, a scientist at the University
of California Medical School in San Francisco, won the Nobel Prize for his controversial
theory that this type of disease is caused by particles called prions, which contain protein
but no nucleic acid and thus no traditional genetic material.

In 1996, a paper appeared in a British medical journal reporting that ten persons in
the United Kingdom younger than 45 years of age had been diagnosed with a CJD-like
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condition, an unusually high incidence in a group much younger than those usually
struck by the disease.® The authors suggested a link with an epidemic of bovine spongi-
form encephalopathy (BSE), known as “mad cow disease,” which had killed over 160,000
cattle in Britain over the previous decade. The disease was spread by the practice, now
discontinued, of grinding up discarded animal parts and adding them to feed for other
cattle. A flurry of alarm and a European ban on British beef led the British government
in 1996 to order the mass slaughter of all at-risk cattle to prevent the possibility of human
exposure to infected beef.*

The evidence is strong that consumption of contaminated beef is the cause of new
variant CJD (vC]D). As of June, 2014, 227 cases had been reported worldwide, of which
177 were in the United Kingdom. Most of them had lived there during the years of the
BSE outbreak among cattle.” Four cases have been reported in the United States, two of
whom probably contracted the disease in the United Kingdom and one who probably con-
tracted it in Saudi Arabia.” The fourth case, confirmed after a patient died in Texas in 2014,
occurred in a man who had traveled widely in Europe and the Middle East.”> Americans
have little chance of being exposed to BSE in the United States. Regulations on cattle feed
have been tightened, and certain ruminant parts are prohibited from entering the food
supply. Restrictions have been introduced that prohibit importation of live ruminants,
such as cattle, sheep, and goats, except from Canada, which also implemented stricter
feed regulations. Although there was controversy about whether enough is being done to
protect American cattle from BSE, only four cases have been identified in American cows
since 2003.” No cases of vCJD have been attributed to consumption of American beef.

Other prion diseases have been identified in humans and animals. Two of them,
Gerstmann-Strausler-Schenk syndrome and fatal familial insomnia, are extremely rare
genetic diseases. The third, kuru, was endemic in certain tribes in Papua New Guinea, where
it was recognized and studied in the mid-20th century. The tribal custom was for mourners
to eat the internal organs of dead family members; thus kuru would spread within families.*
The only one of these diseases that could potentially threaten human health in the United
States is chronic wasting disease (CWD), which affects North American deer, elk and moose.
The CDC warns hunters to consult with their state wildlife agencies to identify areas where
CWD occurs. Where it does occur, the CDC recommends that hunters consider having an
animal tested before eating its meat and using care in handling carcasses.”

Public Health Response to Emerging Infections

The American public health system, criticized in 1988 for being in disarray, has taken
many steps toward responding to the emerging threats of infectious diseases. While still
underfunded and challenged from all sides, American public health agencies have devoted
significant resources to developing plans and priorities for confronting the threats.

The Institute of Medicine has undertaken several studies to address the environmen-
tal, demographic, social, and other factors leading to the emergence or re-emergence of
infectious diseases. One of its conclusions is that most of the emerging infectious disease
events have been caused by zoonotic disease pathogens—those infectious agents that are
transmitted from animals to humans. Factors that contribute to the risk of this animal to
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human transmission include human population growth, changing patterns of human-
animal contact, increased demand for animal protein, increased wealth and mobility,
environmental changes, and human encroachment on farmland and previously undis-
turbed wildlife habitat. Clearly, these diseases are an international problem, and dealing
with them requires an international response.*

Global surveillance for infectious diseases is critically important for identifying
potential epidemics early enough to bring them under control. Diseases that went unno-
ticed in animals but have spread to humans include AIDS, Ebola, avian influenza, and
SARS. Effective control of emerging infectious diseases requires worldwide disease surveil-
lance focusing not only on human populations, but also on domestic animals and wildlife.
Thus, the CDC is collaborating with, in addition to the World Health Organization, the
World Organization for Animal Health, and the Food and Agricultural Organization of
the United Nations. In addition, the CDC has established the International Emerging
Infections Program, which has laboratories in China, Egypt, Guatemala, Kenya, and
Thailand.

Other priorities that the Institute of Medicine has identified for controlling emerg-
ing infections include reducing inappropriate use of antibiotics by banning their use for
growth promotion in animals and by developing improved diagnostic tests for infectious
diseases so that antibiotics are not used for viral diseases. The Institute of Medicine also
recommends developing new vaccines, new antimicrobial drugs, and measures aimed at
vector-borne diseases.””

Public Health and the Threat of Bioterrorism

In the late 1990s, concern increased in the United States about the possibility that bio-
logical organisms could be used as agents of warfare and terrorism. The anthrax attacks
of 2001 demonstrated that the concern was well founded. Earlier incidents had raised
awareness of the possible threat, including revelations by a Russian defector that the
Soviets had developed systems for loading smallpox virus on ballistic missiles.”® Concern
was heightened by evidence that Iraq had produced missile warheads and bombs con-
taining anthrax spores and botulinum toxin. The Aum Shinrikyo cult that released sarin
gas in a Tokyo subway was found later to have experimented with releases of aerosolized
anthrax and botulinum toxin throughout the city.”” Closer to home, a 1984 outbreak of
salmonellosis that sickened 751 people in The Dalles, Oregon was eventually traced to
intentional contamination of salad bars in several restaurants, details of which were
revealed much later in a criminal prosecution of the Baghwan religious cult that was
responsible for the incident.'®

Even before the anthrax attacks of 2001, the CDC had developed plans for dealing with
biological terrorism. After 2001, awareness of the possibility of biological attacks increased,
and planning has continued. It is clear that, in contrast with bombings or chemical attacks,
dissemination of biological agents is likely to be done in a covert way. Thus, the first signs
of an attack are likely to be seen by physicians and hospital emergency rooms. Local
health departments will carry out the initial investigations of unusual disease outbreaks,
and good surveillance is vital for recognizing outbreaks as early as possible. In sum, the
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approach to bioterrorism preparedness is much the same as the response to an epidemic
of any other origin. Although concerns about bioterrorism have subsided in recent years,
a strong public health system remains vital to our national security.

Conclusion

Infectious diseases have increasingly threatened the health of Americans over the past few
decades, in a challenge to the earlier view that infectious diseases were under control. The
appearance of AIDS in the early 1980s was an early sign that a new disease could appear
out of “nowhere” and rapidly become a lethal, worldwide epidemic. Other viruses such as
Ebola and other hemorrhagic fevers have emerged in tropical areas and have threatened
the United States when conditions were right. A deadly hantavirus appeared in the United
States in 1993 and has been reported in 34 states. West Nile virus was first recognized in
New York City in 1999 and has spread across the country to almost all states. Monkeypox,
avirus similar to smallpox that primarily infects rodents, was brought to the United States
in exotic pets imported from Africa and sickened a number of people in 2003. Influenza
is a highly infectious disease that can spread rapidly all over the world. While the public
health system has worked internationally, adapting vaccines to keep up with the rapidly
mutating viruses, everyone is frightened by the prospect of another worldwide flu epidemic
like the one in 1918 that killed 20 to 40 million people.

New bacterial diseases have also been appearing in the United States as ecological and
cultural conditions change. Lyme disease and Legionnaires’ disease have been significant
problems in the past few decades. Streptococci and E. coli have become much more deadly
in recent years. Many bacteria, including Mycobacterium tuberculosis, have developed
resistance to antibiotics, making them much less vulnerable to treatment.

To combat today’s emerging infectious threats, public health professionals must
update measures successful in the early part of the 20th century. Plans are in place to
fortify the public health system to improve surveillance and response to the new threats.
As with many other aspects of public health, however, political controversy and economic
concerns tend to impede the implementation of effective measures, such as those needed
to deal with antibiotic resistance stimulated by agricultural practices. Concerns about the
threat of biological terrorism have added urgency to the call for strengthening the public
health system in the United States.
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Chapter 11

The Biomedical Basis of
Chronic Diseases

KEY TERMS
Atherosclerosis Cholesterol National Institutes of Health
Cancer Diabetes (NIH)
Cardiovascular Hypertension Sensitivity
disease Mutation

The early successes of public health against infectious diseases led to a change in the
major causes of illness and death beginning in the 1920s. Chronic degenerative dis-
eases, especially heart disease and cancer, are now the leading causes of death in the
United States. While they are primarily diseases of old age—when everyone must die
of something—they also strike people in their prime, robbing them of productive years
of life. Cancer is the leading cause of death among Americans aged 45 to 65, and car-
diovascular disease runs a close second. Cardiovascular disease kills the most people
overall. Other significant diseases of current public health concern include diabetes,
arthritis,and Alzheimer’s disease, which may not be as deadly in the short run but have
severe impacts on the quality of life. It is the mission of public health to prevent such
premature death and disability.

Prevention of disease usually requires some understanding of the cause, a require-
ment that is generally much more difficult to fulfill for chronic diseases than for infec-
tious ones. There is no single pathogen that causes cancer or heart disease, nor is there
one for arthritis, diabetes, or Alzheimer’s disease. In most cases, chronic diseases have
multiple causes, making it more difficult for scientists to recognize significant risk
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factors and establish preventive measures. Moreover, these diseases tend to develop
over long periods of time, further complicating the task of pinning down causes. In
some cases, however, the gradual onset provides the advantage of early detection,
permitting secondary prevention—interventions early in the disease process that can
mitigate its impact.

As chronic degenerative diseases became a growing problem during the 20th cen-
tury, scientists began to focus on efforts to understand their causes. The growth of the
National Institutes of Health (NIH), which sponsors most biomedical research in the United
States, has reflected the growth of concern about these diseases. In its early days as a
one-room Laboratory of Hygiene that opened in 1887, the NIH conducted research
primarily on infectious diseases. Congress created the National Cancer Institute in
1937 and the Heart Institute—now called the National Heart, Lung, and Blood Insti-
tute (NHLBI)—in 1948. Currently there are 27 different institutes and centers, each of
them focused on a different organ or problem, mostly chronic diseases. One institute,
for example, is concerned with arthritis, one with diabetes, and one with neurological
disorders and stroke.

Research into the causes of chronic disease, like research into the causes of infec-
tious disease, relies on epidemiologic methods and laboratory research, which usually
includes studies of animals as models, or stand-ins for human patients. The importance
of research on animal models to the understanding of human disease cannot be overem-
phasized. Epidemiology is generally limited to observation and analysis of events that
occur spontaneously. Ethical concerns severely limit the experiments that can be done
on humans. In experiments on laboratory animals, scientists can carefully control the
conditions so that cause-and-effect relationships can be clearly proven. Mice and rats are
the most commonly used laboratory animals; as mammals, they share the majority of
biochemical and physiological processes with humans. Because of their short life spans,
the effects of various exposures and interventions can be studied over the lifetime of
the animals. However, mammals can differ in unpredictable ways in their susceptibil-
ity to infectious or toxic agents. Different experimental animals have proven useful for
studying different diseases, and extrapolation of results from any particular mammal
to humans is not always valid.

The identification of an animal model can significantly improve progress toward
understanding a disease. It is not always easy to find an experimental animal that is sus-
ceptible to the disease one wishes to study. For instance, there is no good animal model for
AIDS, a fact that has hampered progress in developing drug therapies or vaccines. Asian
macaque monkeys, which can be made sick by simian immunodeficiency virus, a relative
of human immunodeficiency virus (HIV), are the closest substitute. Only chimpanzees
can be infected with HIV, and chimps are no longer used for research for ethical reasons
and cost.! Animals also differ in how they metabolize some chemicals; a dose of dioxin
that would kill a guinea pig has no effect on a mouse or rat, and it is difficult from this
evidence to predict the chemical’s toxicity to humans.

Scientists have been increasingly successful in devising methods of growing cells and
tissues in laboratory glassware for studying biomedical processes. Such laboratory cultures



Cardiovascular Disease

are commonly used to investigate the cancer-causing potential of various chemicals. Much
of the research on HIV has been done using cultured human cells, and a great deal has
been learned. However, such experiments provide oversimplified conditions that may lead
to invalid conclusions about the complex interactions that occur in intact animals. In the
case of HIV, for example, a number of drugs that appeared to inactivate the virus in test
tube experiments have proved to be ineffective in human patients.

Cardiovascular Disease

Cardiovascular disease encompasses two of the three leading causes of death in the
United States: heart disease and stroke. Risk for dying from cardiovascular disease
increases with age, is higher in men than in women, and is higher in blacks than in
whites.

The causes of cardiovascular disease have been relatively well established through
epidemiologic studies, including the Framingham Study, which identified high blood
cholesterol, high blood pressure, and smoking as major risk factors. Animal experiments
and examination of the bodies of people who have died of the disease have also contrib-
uted to an understanding of how it develops. Knowledge about cardiovascular disease
has been facilitated by its prevalence in the United States and the fact that it follows a
similar progression in many of its victims. The important role of blood components
in determining individual risk was readily established because blood is easy to study;
it can be drawn from patients and experimental subjects without major discomfort or
ethical objections.

It has been known for decades that atherosclerosis—hardening of the arteries—is
part of the development of cardiovascular disease. Pathologists performing autop-
sies on people who died of heart attacks found, within the inner-wall lining of the
deceased’s arteries, a buildup of plaque composed of fat and cholesterol, blood cells,
and clotting materials. The formation of plaque begins at an early age in the United
States. Fatty streaks, the first stage in the development of plaque, have been found on
autopsy in half the children aged 10 to 14 who died of accidental causes.? A classic
study, published in 1955, examined the arteries of American soldiers killed in the
Korean War and found that 77 percent of the men, whose average age was 22, showed
some signs of atherosclerosis.> More recent studies have confirmed these findings and
have shown that plaque was more likely to be found in adolescents and young adults
with risk factors such as smoking, hypertension, obesity, and high levels of low-density
lipoprotein cholesterol.*

Animal studies showed that diet plays a role in the formation of plaque. Rabbits
fed milk, meat, and eggs instead of their normal vegetarian diet were found to develop
atherosclerotic plaque very similar to that found in humans.® It was easy to deduce that
the American diet was responsible for the high rate of cardiovascular disease in the
United States.

Experiments on rats, rabbits, and monkeys have clarified the process by which
high cholesterol and fat in the blood interact with other risk factors such as smoking,
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high blood pressure, and diabetes to form plaque in the arteries. These factors cause
chronic injury of the artery’s inner wall, which the body attempts to repair, leading to
a “healing” process that runs wild, becoming a disease in itself. The higher the levels of
cholesterol and other fats in the blood, the more they are incorporated into the scab-
like buildup, and the faster the plaque forms. A heart attack or stroke results when the
plaque ruptures, releasing clots that may block an artery in the heart or brain, cutting
oft the blood supply.®

Recent evidence suggests that atherosclerosis may also have an infectious compo-
nent caused by bacteria that are often found in plaque.” The blood cells in plaque are
characteristic of an immune response, and a number of chemicals in the blood suggest
that atherosclerosis is an inflammatory condition like arthritis. These findings may lead
to new approaches to prevention, diagnosis, and treatment of atherosclerosis.

With the major risk factors for cardiovascular disease well established, much of
the recent epidemiologic and biomedical research has focused on trying to understand
what determines the relative presence or absence of these risk factors. A great deal has
been learned about the various lipids (fats) in the blood, each of which plays a role in
the individual’s risk of cardiovascular disease, and how their concentrations may be
increased or decreased. Factors that affect blood pressure have also been extensively
studied. Diabetes, which has its own research institute at NIH, greatly increases the risk
of cardiovascular disease (see later in the chapter for a discussion of the biomedical
basis of diabetes). All of these risk factors are determined in part by genetics, but they
can be significantly modified by individual behavior and are thus susceptible to public
health intervention.

High blood cholesterol is a well-known risk factor for atherosclerosis and heart dis-
ease. Cholesterol levels of 200 mg/dL (milligrams per deciliter of blood) or below are
considered desirable: Persons with that level of cholesterol have less than one-half the
heart attack risk of those with levels above 240 mg/dL.* Most of the cholesterol in the
blood is bound up with protein in various forms, and some forms are more harmful
than others. For example, if a high percentage of a person’s cholesterol is in the form of
high-density lipoprotein (HDL), sometimes called “good cholesterol,” the person’s risk of
heart disease is much lower than that of someone with a high percentage of cholesterol
in the form of low-density lipoprotein (LDL),“bad cholesterol” Many current studies try
to identify factors that affect not only total cholesterol, but also the relative concentra-
tions of HDL and LDL.

Although previous expert advice was that people limit their consumption of eggs and
other cholesterol-containing foods, recent evidence suggests that cholesterol-containing
foods are not the source of cholesterol in the blood .The greater concern is saturated fat
and trans fat, as well as a deficiency of fruit and vegetables.® In humans, as in rabbits,
vegetarians have lower cholesterol levels than meat eaters. Vigorous exercise lowers total
cholesterol and increases HDL. Moderate consumption of alcoholic beverages has a simi-
lar effect, although heavy drinking damages the heart. Other dietary substances such as
fish, olive oil, and oat bran also appear to have favorable effects on blood lipids. Smoking
lowers HDL levels. Genes play an important role in the HDL-LDL balance. Some people
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can eat lots of fat with very little effect on their blood cholesterol, while others must work
much harder to maintain favorable levels.

In the past decades, the use of cholesterol-lowering drugs called statins has increased
dramatically. The number of Americans who took the drugs grew from about 11 million
in 1999 to almost 41 million in 2011."*" Epidemiologic studies have clearly shown that
statins can prevent heart attacks, even in people with cholesterol levels previously con-
sidered normal and, for the most part, they appear to be safe for long-term use. However,
from a public health perspective, the trend toward prescribing drugs for healthy people
to take for the rest of their lives is troubling. Moreover, some statins can be expensive.
As a spokesman for the American Heart Association is quoted as saying, “If you're going
to increase my health insurance because my next door neighbor has borderline high
cholesterol, and if he’s sitting around and watching TV and eating and getting fat, do you
want me to pay for that?”"!

While the availability of statins appears to be good news for secondary prevention
in people who already have atherosclerosis or who have risk factors that put them at high
risk, the preferable public health approach to preventing heart disease is primary preven-
tion. This means promoting healthy behavior, including exercise, not smoking, and eating
a healthy diet. Eating a healthy diet is not easy in American society.

High blood pressure—hypertension—is a major risk factor for cardiovascular disease,
especially stroke, contributing to the injury in the artery walls that is part of athero-
sclerosis. It also increases the risk of kidney disease. While some medical conditions
are known to cause high blood pressure, most cases occur without known cause, and
these people are said to have “essential hypertension.” Factors that have been linked with
essential hypertension are obesity, smoking, lack of exercise, and stress. In the United
States, 140/90 is generally considered the borderline above which blood pressure is
considered too high. In this reading, 140 is the systolic pressure, that pressure exerted
by the blood on the artery walls during the heart’s contraction when the pressure is
greatest. The diastolic pressure—90 in this case—occurs between contractions, when
the heart is relaxed. New evidence prompted the NHLBI to issue guidelines in 2003
that classified blood pressure as “normal” only if it is below 120/80. Pressures between
this level and 140/90 are classified as “prehypertension,” meaning that individuals with
these readings are at risk of developing hypertension.’* A more recent cohort study of
about 4500 participants found that over a 22-year period, the risk of cardiovascular
events such as heart attack, stroke, or death was no higher in participants with systolic
pressure between 120 and 140 than those whose pressure was below 120. The authors
concluded that it is most important for people to keep their systolic pressure below
140." Then, in September 2015, the NHLBI announced that a new study of over 9300
older men and women had been halted early because it clearly showed that 120 was a
safer upper limit for systolic pressure. The researchers found that risks of heart attack,
heart failure, or stroke were reduced by one third among subjects assigned to reach
a pressure of 120 or below compared with those assigned a target of 140 or below.
Risk of death was reduced by one quarter at the lower limit.”” The apparent contradic-
tion between the two recent studies has not been explained.
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The U.S. government launched a major blood pressure awareness program in 1972;
since then, the annual rate of fatal strokes has been cut by more than half. Many people
can keep their blood pressure under control by eating a healthy diet, exercising, and
abstaining from smoking, the same behaviors that promotes healthy cholesterol levels.
Secondary prevention is important: People should know their own blood pressure and
take appropriate measures, including drugs, if it is too high.

Dietary salt (sodium chloride) is believed to be a factor in causing some cases of
essential hypertension, but sensitivity to salt is variable and is probably determined by
genetics. Laboratory studies have found that some strains of rats get high blood pressure
when fed large amounts of salt, while rats of other strains do not seem to react to salt.
Rats of one sensitive strain tend to have strokes when subjected to salt and stress, while
rats of some other strains are unaffected.' The NHLBI recommends that everyone limit
their salt intake to about a teaspoon a day, but the question of whether this measure
would reduce blood pressure in the average person is controversial. Some researchers
have argued that high dietary salt damages the heart and kidneys even in people with
normal blood pressure."”

At a population level, it is clear that hypertension has a higher prevalence in
groups that consume greater amounts of sodium, and that sodium intake is higher in
the United States than in many other countries. The prevalence of hypertension in the
United States is high; one in three adults have high blood pressure; about 65 percent of
those age 60 or older have it.'® Therefore public health experts have noted that reducing
the amount of salt in the American diet would be expected to reduce the prevalence
of hypertension. They estimate that, for example, if the average systolic blood pres-
sure could be reduced by five points, mortality due to stroke would be reduced by 14
percent. Because Americans tend to get most of their salt from packaged foods and
restaurant meals, the American Public Health Association together with an interagency
committee coordinated by NHLBI, has recommended that the food industry, includ-
ing manufacturers and restaurants, reduce sodium in the food supply by 50 percent
over the next decade."”

Smoking is believed to increase the risk of cardiovascular disease through the
actions of two components of tobacco smoke: nicotine and carbon monoxide. Nicotine,
the addictive component of tobacco, is a stimulant that raises blood pressure, increases
the pulse rate, stimulates release of stress hormones, and increases irritability of the
heart and blood vessels. Carbon monoxide, a poisonous gas, binds to hemoglobin in
the blood, blocking the hemoglobin’s ability to carry oxygen throughout the body.
Both nicotine and carbon monoxide place stress on the heart and blood vessels, with
the long-term effect of contributing to atherosclerosis. In the short term, the effects
of nicotine and carbon monoxide can provoke irregularities in heartbeat, which may
result in sudden death.

Tobacco is especially significant as a cause of heart attack in younger adults. While
heart attacks are relatively rare among people in their 30s and 40s, those that do occur are
likely to be caused by smoking. One epidemiologic study found that smokers in this age
group have a five times greater rate of heart attacks than nonsmokers."
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Cancer

Cancer has proven much more difficult to understand than cardiovascular disease, in part
because it has so many different manifestations. It is sometimes said that cancer is not one
disease, but 100 diseases. In many ways, breast cancer is different from lung cancer, which
is different from leukemia. They typically differ in terms of risk factors,appearance under
a microscope, response to various forms of treatment, and so forth. For the biomedical
scientist and the public health professional trying to understand the cause and preven-
tion of cancer, each kind of cancer must be studied separately. What all cancers have in
common is that they arise when the activities of a cell are transformed and the cell begins
to grow out of control.

Understanding cancer, therefore, requires understanding normal cell function, so
that it is possible to recognize what goes wrong in a cancer cell. In general, a normal cell
turns cancerous through a mutation in the genetic material, DNA—usually a mutation in
one of the genes that regulate cell growth and differentiation. When that cell divides, the
mutation is transmitted to the daughter cells, which, because of the disruption in control
caused by the mutation, tend to divide more rapidly than normal. As the cells continue to
divide abnormally, errors tend to occur as the DNA is copied, leading to additional muta-
tions and more abnormalities in the cells that are becoming a tumor.?*?' Other changes
that may accompany the formation of a tumor are the stimulation of the growth of blood
vessels that feed the tumor and the tendency to metastasize—a process by which cancer
cells detach from the main tumor and spread to distant parts of the body. Understand-
ing the molecular mechanisms through which tumors form and grow can lead to the
development of effective therapies, specific approaches to halting the process or killing
the cancerous cells.

To achieve the public health goal of preventing disease, it is important to know what
causes the mutations that initiate the cancer. It turns out that mutations in DNA can be
caused by many different types of agents, including chemicals, viruses, and radiation.
Other factors, such as hormones and diet, play a role in determining whether a muta-
tion progresses to the development of a tumor. Hormones, which function in the body
to stimulate or inhibit cell growth, may have an enhanced effect on a mutated cell. The
mechanisms by which dietary factors influence the development of cancer—in addition to
the fact that some foods may contain carcinogens, or cancer-causing chemicals—are less
well understood. There is some evidence that dietary fiber protects against some cancers,
perhaps because it speeds the passage of possible carcinogens through the digestive tract,
lessening the likelihood that they will be absorbed. High fat in the diet increases the risk
of many forms of cancer, but it is not clear why. Diets high in fruits and vegetables seem
to be protective.

Exposure to certain kinds of radiation has long been known to cause cancer in humans.
Many of the early scientists who unsuspectingly worked with radioactive materials died
of the disease, including Marie Curie, the Nobel Prize winner who discovered radium.
Curie died of leukemia in 1934 at age 66.2 Laboratory studies demonstrated clearly that
ionizing radiation was capable of damaging DNA and causing mutations in all forms of
life, from bacteria to plants to mammals. Later, exposure to certain chemicals was observed
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to cause some of the same kinds of genetic damage as did radiation, and many of these
same chemicals could be demonstrated to cause cancer in laboratory animals.

Viruses have long been known to cause some cancers in plants and animals, but
only recently have some human cancers, including liver cancer and cervical cancer, been
shown to be of viral origin. Cancer viruses transform cells by integrating themselves into
the DNA of the host cell; the viral genes may override the host’s genes, for example, by
turning on inappropriate cell division. In fact, viruses that cause cancer in humans have
been found to carry altered forms of human genes.

The knowledge gained by studying cancer viruses has helped scientists to understand
more generally how mutation of the cell's own genes can turn a normal cell into a cancer cell
by inappropriately turning on cell division. Some of the genes that, when mutated, lead to
cancer—known as oncogenes—stimulate cell division; others, known as tumor suppressor
genes, normally function to keep cell division turned off. The new genetic understanding
of cancer causation also helps to explain why some families are more susceptible to some
kinds of cancer. Since in most cases more than a single mutation is required before a cell
is fully malignant, a member of a family that carries one mutation in a gene might need
only one additional event to develop a tumor.

The public health approach to primary prevention of cancer is to prevent human
exposure to the agents that cause mutation. In the case of ionizing radiation, the danger
of which was recognized early, government standards have been developed to protect the
population against exposure from various sources such as nuclear power plants, medical
and dental x-rays, and radon gas. Sunlight, another proven cause of cancer, cannot be
regulated: Education in the importance of sunscreen and hats is the favored approach.
Because viruses have only recently been recognized to cause cancer in humans, the pub-
lic health response to these agents is evolving. Immunization is one approach: Hepatitis
B vaccination is now recommended for all children, not only to prevent acute hepatitis
infection but because chronic infection with hepatitis B virus has been shown to lead to
liver cancer. A recently developed vaccine against human papilloma virus has been shown
to be effective for the prevention of cervical cancer. It is controversial, however, because
it must be given to young girls before they become sexually active.

The extent to which chemicals in the environment cause cancer is one of the most
difficult and controversial questions in public health. The tars in tobacco smoke are clearly
amajor cause,and the American Cancer Society estimates that almost one-third of cancer
deaths in the United States are due to tobacco use.? In addition to being the major cause
of lung cancer, smoking increases the risk of cancer in many other organs, including the
mouth, lips, nose and sinuses, larynx, pharynx, esophagus, stomach, pancreas, kidney,
bladder, uterus, cervix, colon and rectum, ovary, and some kinds of leukemia. Although
Americans are greatly concerned about the possibility of cancer-causing chemicals in their
food, water, or air, little is known about whether these sources contribute significantly to
the number of cases diagnosed each year. Most industrial chemicals have not been tested
for carcinogenicity. Chemicals added to food, however, must be tested.

The testing of chemicals for carcinogenicity in humans is fraught with difficulties.
The standard, most definitive approach is a controlled experiment in which a large group
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of rats, mice, or guinea pigs is fed a diet containing the suspect chemical over their whole
lifetime—about two years for these animals—and the incidence of tumors in this group
is compared with that in an equivalent group of animals that did not receive the chemical.
If the exposed animals have more tumors than the unexposed, the chemical is labeled a
carcinogen. Aside from the potential frustration of the experiment by some unpredict-
able factor—for example, an outbreak of mouse flu that kills off all the animals after the
first year, necessitating a new start—there are many reasons why this approach may not
accurately predict carcinogenicity in humans. Differences in metabolism between mouse
and human sometimes mean differences in carcinogenicity of a chemical in the two spe-
cies; or the dose of the chemical necessary to produce a detectable increase in tumors
may be so high that it disrupts the animals’ metabolism, making the results meaningless.

Another approach to determining carcinogenicity—one that is much faster, simpler,
and cheaper—is to test whether the chemical can cause mutations in a colony of cells grow-
ing in a laboratory dish. This test has its own drawbacks. While mutation is necessary for
the development of cancer, not all chemicals that cause mutations are carcinogens. These
test-tube experiments ignore the role of hormones and other secondary influences that
determine whether a mutated cell will actually grow into a tumor.

Diabetes

The number of Americans diagnosed with diabetes is rising rapidly, having more than
tripled in the past 20 years.* Officially, diabetes ranks seventh overall as a cause of death in
the United States; it is fourth among American Indians and fifth among blacks, Hispanics,
and Asians.” However, there are reasons to believe that diabetes contributes to premature
death more often than reported by death certificates. Examination of death certificates of
people known to have diabetes have found that only 35 percent to 40 percent of them had
diabetes listed anywhere on the certificate. Many deaths listed as caused by heart disease
may be linked with diabetes. Heart disease death rates are two to four times higher for
people with diabetes than for those without it. Overall, the risk of death for people with
diabetes is double the risk for people of the same age who do not have diabetes.*

Diabetes is a major cause of disability. Although it is usually treatable and can be
controlled over long periods of time, there has been little that public health could do to
prevent the disease except to make unpopular recommendations for changes in lifestyle.
The Centers for Disease Control and Prevention (CDC) has referred to twin epidemics of
diabetes and obesity, because obesity greatly increases the risk of diabetes, and the number
of Americans who are obese has been increasing rapidly.?’

Diabetes is a deficiency in the body’s ability to metabolize sugar, a function that is nor-
mally controlled by the hormone insulin. There are two major forms of diabetes: Type 1
diabetes, which usually has its onset in childhood, is caused by a failure of the insulin-
producing cells of the pancreas; type 2 diabetes, more common with increasing age, is a more
complex mix of impaired insulin production and resistance to the hormone’s action. Both
forms of diabetes are significantly affected by genetics. Research on the causes of diabetes has
thus far yielded very little information on how type 1 diabetes could be prevented. Type 2
is closely correlated with obesity, and is largely preventable with proper diet and exercise.



The Biomedical Basis of Chronic Diseases

However, public health has not been very successful in persuading most people to adopt
such healthy behaviors, which could prevent a number of other chronic diseases as well.

While public health may not be able to prevent diabetes, it is concerned with prevent-
ing the disability that is inevitable when the disease is not well controlled. An estimated
one out of four people with diabetes are unaware that they have it.? This is a major public
health problem because the high blood sugar that is typical of uncontrolled diabetes
causes damage to blood vessels throughout the body, especially the eyes and kidneys.
Complications of diabetes include blindness, kidney failure, cardiovascular disease, poor
wound healing, and amputations of the extremities. Secondary prevention requires early
diagnosis of the disease so that treatment can begin at an early stage. Lack of access to
routine medical care—a common problem in the United States—contributes to the seri-
ousness of diabetes as a public health problem. The necessary long-term monitoring and
treatment required to manage a case of diabetes can be complicated and expensive, and
those who need it the most may have the greatest difficulty in receiving care.

Other Chronic Diseases

There is much more to learn about other diseases that have a major impact on the health
of the population. Mental illness is a major cause of disability in this country,and yet very
little is known about its causes and prevention. Alzheimer’s disease and other forms of
dementia in older people cause anguish to their families and force affected people into
nursing homes at a tremendous cost to society. The NIH and other funding sources are
supporting a great deal of research on understanding genetic and other factors that affect
peoples risk of developing dementia as they age, but not much is known yet on how people
can protect themselves. Arthritis, while not a major killer, can severely impact the quality
of life for many older people, causing great pain and suffering in their last years.

Conclusion

Chronic diseases are the leading causes of death and disability in the United States, with
cardiovascular diseases and cancer leading the list. Diabetes is becoming increasing preva-
lent and is a major cause of disability. Preventing these diseases—an important public
health priority—is based on understanding their causes. The success of biomedical science
and epidemiology in understanding causes of cardiovascular disease and how to prevent or
delay its onset serves as a model for what society would hope to achieve for all the diseases
that cause premature death or disability. Progress in understanding the functioning of
normal cells and what goes wrong when they turn malignant gives researchers hope that
they will eventually learn to prevent many kinds of cancer.

Despite the tremendous progress made by biomedical science in the understanding of
the bases of chronic diseases, a great deal is left to learn about what can go wrong with the
human body and how to prevent it. People cannot expect, and maybe would not wish, to
live forever, but biomedical research holds the key to preventing many premature deaths,
as well as much of the pain and anguish that many people suffer toward the end of their
lives. Because it offers such hope, NIH’s work is generally well supported by Congress
and the American people.
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Chapter 12

Genetic Diseases and Other
Inborn Errors

KEY TERMS

Autosomal dominant disorder Genomics Prenatal testing
Autosomal recessive disorders Genetic diseases Teratogens
Carcinogens Minamata X-linked disorders
Chromosomes Newborn screening

Correlation Premature birth

Congenital defects are a major cause of death and disability in infants and children.
Some 3 percent to 4 percent of newborns have a major abnormality apparent at birth.
Other problems show up later; up to 7.5 percent of children are diagnosed with a
congenital defect in their first five years.! Such abnormalities may be inherited in the
child’s genes, or they may be caused by birth injury or by the mother’s exposure to an
infectious agent or toxic substance during pregnancy. Genes also play a role in many
diseases of later life.

Because the birth of healthy children has been a high priority traditionally for
public health, education and prenatal care for pregnant women have been encouraged.
As more has been learned about how certain infectious agents, drugs, and chemi-
cals can cause birth defects, greater public health efforts have been directed toward
preventing women’s exposure to these substances. Until the past few decades, little
could be done to prevent genetic abnormalities. Now, however, technological devel-
opments have opened up vast possibilities in the detection of defective genes. These
discoveries have had many clear benefits, but they have also raised many difficult
ethical questions.
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Environmental Teratogens

Birth defects may be caused by a variety of environmental agents, called teratogens, which
include some bacteria and viruses, various drugs and chemicals, and radiation. Many
teratogens are also carcinogens, capable of causing cancer. In some cases, the teratogenic
effect, like the carcinogenic effect, is known to be the result of mutation in the DNA.
However, much less is known about the disruptions of fetal development that lead to birth
defects than is known about carcinogenesis.

Infectious diseases known to damage the fetus include syphilis, rubella (German
measles),and toxoplasmosis. Congenital syphilis, caused by bacteria passed from a mother
to her fetus through the placenta, was a devastating disease of newborns before penicillin
was discovered. The disease damaged the infants nerves, bones, and skin and often resulted
in blindness and mental retardation. Beginning in the 1930s, many states required blood
tests for syphilis—the Wasserman test—for all couples about to be married in an effort to
identify and treat infected people before they could transmit the disease to a child.? Most
states have discontinued that requirement.

Rubella, ordinarily a mild disease of childhood, causes profound deafness in children
whose mothers were infected by the virus while pregnant. Routine vaccination of children
against rubella accomplishes the longer-term purpose of immunizing childbearing women,
and the incidence of congenital deafness has been dramatically reduced. Toxoplasmosis,
a parasitic disease that may go unnoticed in adults, can cause major neurological damage
in the fetus. Since cats are a reservoir for the parasite and the route of transmission is most
commonly through cat feces, toxoplasmosis is best prevented by education—warning
pregnant women about the risks of contracting the disease through gardening and contact
with litter boxes.

A pregnant woman’s exposure to teratogenic drugs and environmental chemicals can
have very obvious results because the effects become apparent within nine months, dra-
matically altering a young life. One memorable tragedy occurred in the 1950s at Minamata,
Japan, where a plastics factory contaminated the bay with high levels of mercury. A highly
toxic form of the mercury accumulated in the fish, the staple of the community’s diet.
While adults were relatively unaffected, many children were born with severe neurologi-
cal deformities, including profound brain damage. The tragedy of Minamata, captured
by the famous photographs of W. Eugene Smith and Aileen M. Smith, accessible on the
Internet, alerted the world to the dangers of environmental pollution.* Laws controlling
air and water pollution and disposal of toxic wastes have been effective in preventing
such disasters in the United States, but they continue to occur in other parts of the world,
including the former Soviet Union.

Another famous teratogenic event was the epidemic of limb deformities that occurred
in Europe and Australia in the early 1960s that was caused by the sedative thalidomide.
Women who took the drug to relieve morning sickness gave birth to babies whose arms
and legs were drastically shortened into flipper-like appendages.® The United States
escaped the epidemic because one skeptical Food and Drug Administration (FDA) official,
Dr. Frances Kelsey, was suspicious of the drug and resisted great pressure from the
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manufacturer before the dangers became apparent. In 1998, in a controversial deci-
sion, thalidomide was approved by the FDA as an effective treatment for leprosy and
some forms of cancer. However, it can be used only under very strict regulations that
require women taking it to undergo monthly pregnancy tests and to use two forms of
birth control.

One of the FDA’s most important missions is to protect American citizens against
such tragic side effects of drugs by prohibiting them entirely if their value is not judged to
be worth the associated risks or by mandating clear communications about risks when
there are also clear benefits. The antibiotic tetracycline, the anti-epilepsy drug Dilan-
tin, the hormone diethylstilbestrol, and the acne medication Accutane are among the
common prescription drugs that have been found by painful experience to cause birth
defects. Pregnant women are now advised to refrain from taking any medication that is
not absolutely necessary.

Alcohol was recognized to be a teratogen only in the 1970s. Although most cases
of fetal alcohol syndrome have been identified in children of heavy drinkers, no level of
alcohol has been judged safe for the fetus, and pregnant women are advised not to drink
at all. Tobacco smoke increases the risk of premature birth and low birth weight, as well
as sudden infant death syndrome. Cocaine and heroin use by pregnant women causes
addiction in the fetus, bringing about painful withdrawal symptoms in the newborn and
sometimes leaving permanent neurological damage.

Genetic Diseases

Essentially all the information required for the development of a new human being is
contained in the genetic material located in the 46 chromosomes, half of which come from
the mother’s egg and half of which come from the father’s sperm. Mistakes are common in
the reproductive process. The most visible are chromosomal abnormalities, which can be
seen under a microscope. Such defects cause a variety of malformations in the developing
fetus, many of which are incompatible with survival. More than half of pregnancies in
healthy women end in spontaneous abortion,and chromosomal abnormalities are obvious
in many of these aborted fetuses.! When the affected fetus does survive, the disability is
usually profound, almost always including mental retardation and often leading to early
death. Down syndrome, caused by an extra copy of chromosome 21, is the best-known
disorder of this type, largely because its effects are less lethal than those of other chromo-
somal defects, and most affected infants survive.

The majority of genetic diseases are caused by defects that are not visible under a
microscope. Those that are best known and understood are caused by a defect in a single
gene inherited more or less according to classical Mendelian genetics (see FIGURE 12-1).
In the first part of the figure, the pattern of inheritance of a dominant gene is shown.
The father carries the gene for Huntington’s disease on one of a pair of chromosomes.
The mother carries two normal genes. Half of the children will inherit the disease
from the father. In the second part of the figure, the pattern of inheritance of a reces-
sive gene is shown. Both parents carry one recessive gene, but neither parent has
symptoms, and the parents may be unaware that they are carriers. One-quarter of
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Pattern of Inheritance of a Dominant Gene: Huntington’s Disease
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H= dominant gene for Huntington’s disease
h=normal gene

The father carries the gene for Huntington’s on one of a pair of chromosomes.
The mother carries two normal genes. Half of the children will inherit the disease from
the father.

Pattern of Inheritance of a Recessive Gene: Sickle-Cell Disease
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Father and mother both carry one recessive gene. Neither parent has symptoms and they
may be unaware they are carriers. One-quarter of the children will inherit two recessive
genes and have the disease. One-half the children will be carriers.

FIGURE 12-1 Mendelian Genetics

the children will inherit two recessive genes and will have the disease. One-half the
children will be carriers.

In sum, of the two copies of each gene that an individual inherits, one from each par-
ent, the gene for a disease may be dominant or recessive. When the presence of a single
copy is sufficient to cause the disease—an autosomal dominant disorder—the affected person
will transmit that gene on average to half of his or her children. (Autosomal genes are on
a non-sex chromosome.) Examples of autosomal dominant disorders are Huntington’s
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disease, a midlife deterioration of the brain whose best-known victim was the folk singer
Woody Guthrie; achondroplasia, a type of dwarfism made famous by the French painter
Toulouse-Lautrec; and Marfan syndrome, characterized by extreme height and cardio-
vascular abnormalities, which occasionally makes the news after the sudden death of an
unsuspecting basketball player.!

Autosomal recessive disorders do not become obvious unless the individual inherits two
copies of the gene. The disease may appear unexpectedly in a child of two parents who
were unaware that they each carried one copy of the gene. The best-known autosomal
recessive disorders tend to predominate in certain ethnic groups: Tay-Sachs disease in
Jews of Eastern European descent, sickle-cell disease in Africans and African Americans,
cystic fibrosis in people of northern European ancestry, and thalassemia in populations
of Mediterranean or Asian descent.'

X-linked disorders, such as hemophilia and Duchenne’s muscular dystrophy, are caused
by a defective gene on the female sex chromosome, called the X chromosome. These dis-
eases occur predominantly in males. Since females have two X chromosomes, inheritance
of the defective gene has minimal impact on them because of the second, normal gene’s
presence. Males, who inherit an X chromosome from the mother and a Y chromosome
from the father, can inherit the disease only from the mother.

While the patterns of inheritance are well established for many genetic diseases,
new mutations may sometimes occur, affecting a child whose family has no history of
the disease. Many autosomal dominant conditions cause such severe handicaps that
the affected individuals are unable or unlikely to reproduce; for these conditions, the
majority of cases arise from mutations. With recessive and X-linked genetic defects,
birth of an affected infant into a family that lacks a history of the condition may or may
not indicate that a new mutation has occurred. A recessive gene would not be appar-
ent unless someone who carried it married another carrier. X-linked genes might not
appear for several generations in small families or those in which most of the children
happened to be girls.

Some genetic conditions vary in their impact depending on environmental factors.
For example, anencephaly—the absence of a brain—and the related spinal-cord defect,
spina bifida, appear to be the result of a combination of genetic and environmental fac-
tors. The incidence of these disorders has been found to vary by geographical area, a
hint that further research will provide evidence that environmental factors are involved.
One important finding is that if a woman takes dietary supplements of folic acid before
conception and during early pregnancy, her infant’s risk of these devastating conditions
is substantially reduced.

Genetic makeup also influences people’s susceptibility to most of the common diseases
of adulthood; most of these diseases involve complex interactions between genes and the
environment. Genes for cholesterol and other blood lipids affect an individual’s risk of
cardiovascular disease. High blood pressure has a genetic component. A variety of genes
affect people’s risk for various forms of cancer, including breast cancer and colorectal cancer.
Susceptibility to diabetes is strongly influenced by genes. Knowing individuals’ family health
history can help determine whether they need more intensive screening for these diseases.
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Mental disorders including schizophrenia, manic depression,and Alzheimer’s disease
are also believed to be affected by genetics, although the evidence is fragmentary. While
it is well known that people with high cholesterol can lower their risk of heart disease or
diabetes by exercising, eating a healthier diet and, if necessary, taking appropriate medica-
tions, current knowledge offers little guidance about how to counteract a family history
of Alzheimer’s disease or other mental disorders. One can only hope that, with advances
in biomedical research, prevention will someday be possible.

Genetic and Newborn Screening Programs

Short of performing surgery on the genetic material, the public health mandate of prevent-
ing death and disability from many genetic diseases can be fulfilled only by predicting
and preventing the birth of affected children. The process involves various methods of
prenatal diagnosis and, when an affected fetus is identified, termination of the pregnancy.
One of the most common genetic abnormalities, Down syndrome, is caused by an extra
copy of chromosome 21. Affected individuals have a distinctive appearance and are likely
to have heart defects and mild to moderate mental retardation. The risk of bearing an
infant with the syndrome is well known to increase with the mother’s age and, in the past,
women age 35 and older were advised to undergo prenatal testing by amniocentesis, using
a needle to sample fetal cells from the uterus. With the option of abortion available, this
practice reduced the number of Down syndrome births by about 25 percent.! However,
even though younger women have a lower risk, the number of infants born to them is
much higher overall, and they bear most of the affected infants. The American College of
Obstetricians and Gynecologists now recommends that all pregnant women be screened.®
In the United States, about 90 percent of women who are found to be carrying an infant
with Down syndrome choose to have an abortion.”

There is a more significant role for public health in the prevention of disorders that
are caused by recessive genes. When the gene is known, members of populations that have
a high incidence of a disease, such as Jews of Eastern European descent, can be screened
for carrier status, allowing young people to make informed decisions about marriage and
child bearing. In the 1970s, after the gene for Tay-Sachs disease was identified, a major
voluntary program offered screening to Jewish people. The response was enthusiastic
because the horror of the disease was well known: Apparently healthy infants begin to
deteriorate soon after birth, developing paralysis, dementia, and blindness, and die by age
3 or 4. Couples who are both Tay-Sachs carriers can choose to undergo prenatal testing
by amniocentesis, allowing for termination of an affected pregnancy.®

However, religious Jews are opposed to abortion. An alternative approach is offered
by an organization called Dor Yeshorim, established in the 1980s by a rabbi who had
lost four children to Tay-Sachs. The organization offers Jewish high school students
in the United States, Israel, and other countries blood tests to determine if they are
carriers. To maintain anonymity, and to avoid the stigma of being labeled a carrier,
each student is given an identification number and a telephone number that couples
can call to learn whether they are genetically “compatible” In ultra-orthodox com-
munities that practice arranged marriage, a confidential registry was established that
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allows matchmakers to avoid arranging marriages between carriers of Tay-Sachs and
several other debilitating or lethal genetic diseases.” As a result of the availability of
screening, the incidence of Tay-Sachs has been reduced by more than 90 percent in
the United States and Canada.?

Another public health approach to preventing the death and disability caused by
genetic diseases is provided by newhorn screening for metabolic disorders that can be treated
if diagnosed soon after birth. An estimated 5000 of the 4.1 million infants born in the
United States each year have a potentially severe or lethal condition for which screening
and treatment could prevent many or all of the complications.® The first such condition
to be recognized was phenylketonuria (PKU), which was identified as the cause of mental
retardation in a significant number of institutionalized adults. Biomedical scientists found
that the problem was a genetic inability to metabolize the amino acid phenylalanine,
which therefore accumulates in the blood with toxic effects on the brain. They recognized
that if affected infants could be identified early they could be put on a special diet low in
phenylalanine, and the damage would be prevented.

Dr. Robert Guthrie, a pediatrician from Buffalo, New York, who is considered the
“father of newborn screening,” developed a simple, inexpensive test that could diagnose
PKU from a drop of a baby’s blood placed on a piece of filter paper. Routine newborn
screening for PKU began in the 1960s and is now mandated in all states and most developed
countries. Before each baby is discharged from the hospital, the blood sample is obtained
by a prick of the baby’s heel. Filter paper specimens bearing the dried blood spots are sent
to state public health laboratories for testing."

A number of other inborn metabolic errors can be identified from testing the same
dried drop of blood, and tests for these conditions are mandated by various states depend-
ing on the characteristics of their populations. In addition to PKU, all states screen for
congenital hypothyroidism, a deficiency of thyroid hormone leading to mental retarda-
tion and dwarfism that can be easily treated with regular doses of the hormone. All states
now screen for sickle-cell disease, prevalent in African American populations,a program
that raised ethical issues when first implemented, as discussed below. The newborn blood
samples are used in some states to identify infants who may have been exposed to the
human immunodeficiency virus (HIV) prenatally.

Laboratory tests used for newborn screening have become increasingly sophisticated.
A method called tandem mass spectrometry searches for more than 20 metabolic disorders
in one process, using the dried blood-spot specimen.'> However, the technical ability to
detect these disorders has confronted states with dilemmas of how extensively to imple-
ment screening for them. Resources are needed to follow up on an abnormal test result,
including further testing to confirm the presence of a disease and counseling of parents
and pediatricians about a condition that may be extremely rare. There are concerns about
who is responsible for treating a disease that has been identified through screening. For
example, the special diet required for infants with PKU may be considered a food rather
than a drug and thus not be covered by a family’s health insurance. For some conditions,
no treatment exists. States differ not only on which conditions they screen for, but also
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on whether parental consent is required before screening, whether a fee is charged, and
the extent of services provided for follow-up."

The information gained from a genetic test or the screening of a newborn is not
always so unambiguous as a fatal diagnosis of Tay-Sachs disease or a clear need for a
special diet, as in PKU. With many conditions, uncertainties in the test results as well as
in the prognosis complicate decision making. For example, cystic fibrosis (CF), which
causes abnormal secretions of the lungs, pancreas, and sweat glands, is the second most
common potentially lethal genetic diseases in the United States.* About 1 in 25 Caucasian
Americans, the group at highest risk, carries the recessive gene, which has been identified.
The screening test, which measures an enzyme in the blood, yields many false positives.
Scientists learned that the accuracy of the diagnosis could be improved by following up
the enzyme test with a test on the DNA. As scientists studied the gene, however, they
found hundreds of different mutations that could cause CF, and there seemed to be little
correlation between the mutation and the symptoms. While many patients with CF die young
of breathing problems associated with thick mucus in the lungs, some individuals identi-
fied by genetic tests have much milder symptoms. Although there were questions about
whether to include CF in newborn screening programs, a major clinical trial found that
early identification of affected infants helped to prevent some of the nutritional deficits
and deterioration of lung function suffered by children who were identified only when
they developed symptoms at an older age.' All states now screen for CE'®

The identification of the CF gene allows prospective parents to be tested for carrier
status, as in Tay-Sachs disease. However, in the case of CF, test results are not as clear. Each
of the many possible mutations must be tested for individually, and it is not feasible for
laboratories to test for all of them. Currently, the accepted approach for white Americans
is to test for the 23 most common mutations. Most carrier couples can be identified this
way, but there is still a small risk that couples with a normal test result could bear a child
with CF The frequencies of mutations are lower in other ethnic groups, but identification
of carriers is less reliable.'® Scientists are learning more about the relationship between
certain mutations and different symptoms, although there is significant variability among
affected individuals in the severity of symptoms.

In addition to the conditions that can be identified using the blood spot, the Cen-
ters for Disease Control and Prevention (CDC) recommends screening for hearing loss
using computerized equipment now available in many hospitals. Profound and permanent
congenital hearing loss is estimated to occur in approximately one in 1000 births. About
half of these cases are thought to be due to genetic mutations, and about half are due to
environmental factors, including prenatal drug exposures and infections such as rubella.””

Because of the variation from state to state in the number of disorders included in
newborn screening programs, a federal advisory committee in 2006 recommended a panel
of 29 disorders that all states should include in their newborn screening programs.’* As of
2009, all the states had implemented the full screening panel.'® An additional three condi-
tions have been added since then: severe combined immunodeficiency in 2009, critical
congenital heart disease in 2010, and Pompe disease in 2013." A list of the conditions for
which the CDC recommends screening is shown in Table 12-1.
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Table 12-1 Recommended Newborn Screening Panel and Estimated
Number of U.S. Children Who Would Have Been Identified

with Disorders in 2006

Disorder

Amino acid disorders

Phenylketonuria (PKU)

Maple syrup urine disease

Citrullinemia type |

Homocystinuria

Argininosuccinic acidemia

Organic acid metabolism disorders
3-methylcrotonyl-CoA carboxylase deficiency
Methylmalonic acidemia

Glutaric acidemia type |

Isovaleric acidemia

Propionic acidemia

Methylmalonic acidemia

Beta-ketothiolase deficiency
Hydroxymethylglutaric aciduria

Multiple carboxylase deficiency
Hemoglobinopathies

Hemoglobin SS (sickle cell anemia)
Hemoglobin SC (sickle C disease)
Hemoglobin S/beta thalassemia

Fatty acid oxidation disorders

Medium-chain acyl-CoA dehydrogenase deficiency
Carnitine uptake defect

Very long-chain acyl-CoA dehydrogenase deficiency
Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency
Trifunctional protein deficiency

Other disorders

Hearing loss (2009 data)

Primary congenital hypothyroidism

Cystic fibrosis

Classical galactosemia

Congenital adrenal hyperplasia

Biotinidase deficiency

Total all disorders

Estimated Number of
Cases in 2006

215
26
24
11

7

100
50
38
32
15
12

1,128
484
163

239
85
69
13

5,073
2,156
1,248
224
202
62
11,691

Reproduced from U.S. Department of Health and Human Services, “Recommended Uniform Screening Panel,” March
2015. http://www.hrsa.gov/advisorycommittees/mchbadvisory/heritabledisorders/recommendedpanel/index.html,
accessed September 13, 2015; and U.S. Center for Disease Control and Prevention, Morbidity and Mortality Weekly

Report 61(21) (2012): 390-393.
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Genomic Medicine

The science underlying human genetics has made great advances over the past decade,
facilitated by the federally sponsored Human Genome Project, which aims to analyze the
whole of human DNA and make a map of all human genes. The successful identification
of key genes has enabled many couples cursed with a family heritage of crippling disease
to bear a healthy child. Most diseases of later life are more complex, not single-gene
defects,and thus the presence or absence of a specific gene does not provide any definite
predictions. Nevertheless, an individual’s risks of developing some cancers, heart disease,
diabetes, Alzheimer’s disease, and other major afflictions of adulthood are closely tied
to his or her genetic makeup. Knowledge of the genes can potentially provide benefits
in preventing the diseases as well as better treatments when the individual becomes
sick with one of these diseases later in life. The study of how genes act in the body, and
how they interact with environmental influences to cause disease is called genomics, a
science that promises to transform the prospects of medical practice and has major
implications for public health.

There are many potential benefits of identifying genetic risks early in life. For example,
scientists are investigating ways to prevent the onset of type 1 diabetes in children whose
genes put them at high risk. Antibodies detectable in the blood of these children attack
and ultimately destroy the insulin-producing cells of the pancreas, but there is hope of
disrupting this process with appropriate drugs or immune modifiers. If these experiments
are successful, diabetes risk could be included in newborn screening programs, and treat-
ment could avert the need for lifelong insulin therapy and lifestyle modifications.

Genes have been identified that significantly increase a womanss risk of breast cancer.
The BRCAI and BRCA2 genes can be screened for, but they account for a relatively small
percentage of breast cancer; these genes also increase the risk of ovarian cancer. Genetic
screening may benefit women who have a family history of breast cancer, especially when
the cancer occurs at an early age, as tends to happen with inherited BRCA mutations.
Women who inherit these mutations are advised to undergo more intensive and fre-
quent breast exams than average and to begin this screening when they are younger. The
most effective intervention currently available for BRCA carriers is the surgical removal
of a woman’s breasts and ovaries. The actress Angelina Jolie, for example, had a double
mastectomy in 2013 after testing positive for the BRCAI gene.! Scientists hope that, in
the future, a better understanding of the genes’ actions may lead to less drastic therapy.?

Scientists have mapped more than 3 million places along the human genome where
individuals or populations may differ in a base pair. These places are known as single-
nucleotide polymorphisms (SNPs), and the chart of where they are located is called the
HapMap. Numerous studies are underway attempting to find links between specific SNPs
and risks of various diseases. In most cases, the difference in risk is relatively small. This has
not stopped companies from patenting and commercializing the tests. Several companies
are now offering “gene profiles,” promising that if a customer sends a cheek swab and a fee,
he or she will receive a readout of his or her risk of diseases such as diabetes, heart disease,
and various forms of cancer. Most knowledgeable scientists believe that these promises
are overblown, for several reasons.”
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First, because these tests are not regulated, their validity and accuracy are unreliable.
Second, the science of predicting susceptibility to these complex diseases based on the
presence of specific genes is still at an early stage. The risk detected by the tests does a poor
job of distinguishing people who will develop the disease from those who will not. Third is
the question of what can be done for a person who has been found at increased risk. There
is an argument that knowledge of an increased susceptibility to a disease might motivate
people to practice a healthier lifestyle. For example, a person with a genetic susceptibility to
lung cancer might be more likely to quit smoking, or individuals at risk of diabetes might
increase their physical activity. However, there is little evidence that people do respond in
this way. Certainly, a concerned individual would be better off spending his money on a
gym membership than a genetic profile. From a public health perspective, it makes more
sense to promote healthy behaviors for everyone.*

Findings from the Human Genome Project are expected to have major implica-
tions for the use of drugs in the treatment of diseases. A great deal is being learned about
how genes affect the metabolism of various drugs. It has been known for some time that
different individuals may respond to some drugs in different ways. Medicines that are
dramatically effective in some patients may be ineffective in others with the same disease
and may cause major side effects in still others. It is becoming possible to predict which
patients will respond to a drug and even to determine that some patients may require
higher or lower doses of the drug than others. Scientists are also able to design drugs for
specific patients depending on their genetic makeup. Cancer therapy is especially suitable
for targeted drug therapy: Already there have been successes in blocking tumor growth
using specially designed drugs that attack cellular mechanisms specific to certain muta-
tions. Lives of patients with leukemia, gastric cancer, melanoma, and colon cancer have
been extended with such drugs.”

Ethical Issues and Genetic Diseases

There has been great excitement about the potential uses of genetics and genomics in
preventing and treating disease. However, the discoveries have opened a Pandora’s box
of ethical, legal, social, and scientific questions.

There are lessons to be learned from the mistakes made in early attempts to screen
for sickle cell disease, a disorder of hemoglobin, the oxygen-carrying protein in the
blood. In this disease, painful crises of impaired blood circulation occur in individuals
who have inherited two copies of the recessive gene, which was identified in the 1970s.
However, well-meaning attempts to initiate screening programs for sickle-cell disease,
inspired by the success of Tay-Sachs screening in Jews, caused widespread confusion and
ill feeling among African Americans, the group at highest risk for carrying the sickle-
cell gene. The meaning of the tests was not understood, and many people who were
healthy carriers of one gene were discriminated against in school and in employment
and were denied health insurance. Many African Americans became suspicious that
the intent of the program was genocidal.” Considerable time, effort, and money were
required to overcome the early mistakes. Now, most states include sickle-cell disease in
their newborn screening programs. While there is no cure for sickle-cell disease, infant
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and childhood mortality is reduced by prophylactic treatment with penicillin, which
prevents infections associated with the crises.?”

Difficult questions always arise when a serious disorder is diagnosed in a fetus or the
genetic potential for such a problem is recognized in the parents. Aborting a fetus with a
genetic or teratogenic abnormality is often the only alternative to the birth of a child with
ahandicap. Many Americans are uncomfortable with, if not morally opposed to, abortion.
However, attitudes vary with the severity of the abnormality: Most people would support
the parents’ decision to abort a fetus with anencephaly, the absence of a brain, a condition
that is rapidly and inevitably lethal. The acceptability of a Down syndrome child varies
significantly among prospective parents; some couples choose abortion, while others are
happy to have the child.

Matters become even more complicated when the genes being identified are those
that are known to cause diseases of later life. One of the cruelest of these is Hunting-
ton’s disease, a single-gene defect in which symptoms first appear between the ages of
30 and 50. During the next 10 to 20 years, the disease progresses toward death, with
symptoms that include extreme involuntary movements, intellectual deterioration,
and psychiatric disturbances. Because Huntington’s disease is inherited in an autoso-
mal dominant fashion, each child of an affected individual has a 50 percent chance of
developing the disease. Although a test is now available that allows individuals to learn
whether they carry the gene and are thus destined to develop the symptoms, many
people who are at risk have decided they would prefer not to know. The psychologi-
cal impact of such knowledge can be devastating, and the potential for being denied
insurance or employment is significant. On the other hand, individuals with a family
history of Huntington’s disease may wish to know whether they carry the gene before
deciding whether to beget children.?®

There is a fine line between the worthy goal of preventing disease and disability and
the use of genetic screening and abortion to select desirable traits and eliminate undesirable
ones from the gene pool. The former is part of the mission of public health, but the latter
comes dangerously close to the kind of eugenics practiced by Nazi Germany. The Human
Genome Project set aside 3 percent to 5 percent of its funding to study the many social,
ethical, and legal dilemmas that result from better understanding of human heredity. Since
genetic screening first became possible in the 1960s, various groups have proposed guide-
lines for how screening should be done and who should be screened. Most of the principles
are consistent with the recommendations proposed by an Institute of Medicine committee,
which include the following:

* Newborn screening should be done only when there is a clear indication of benefit
to the newborn, when a system is in place to confirm the diagnosis, and when
treatment and follow-up are available for affected infants.

* Carrier identification programs should be voluntary and confidential, and they
should include counseling about all choices available to the identified carriers.

* Prenatal diagnosis should include education and counseling before and after the
test, informing the parents about risks and benefits of the testing procedure and
the alternatives available to them.



Conclusion

* All tests should be of high quality, because life and death decisions are based on
the results. New tests should be evaluated by the FDA, and there should be more
government oversight of laboratory proficiency.

¢ There should be more education for the general public about genetics.”’

With the increasing availability of genetic tests, there is great concern about how the
information will be used. The knowledge can help individuals and their doctors make
informed decisions about their lifestyle and medical care. However, there has been great
concern about harmful consequences, for example if insurance companies use the informa-
tion to deny coverage or prospective employers deny employment to individuals who may
be more vulnerable in the work environment or who may potentially be more expensive
to insure. According to some estimates, every individual carries at least 5 to 10 genes that
could make him or her sick under the wrong circumstances or could adversely affect
his/her children.” All people have an interest in ensuring that any knowledge about their
genetic makeup will be used to do them good and not harm.In 2008, Congress passed and
President Bush signed the Genetic Information Nondiscrimination Act, which prohibits
discrimination by health insurers or employers on the basis of DNA. Part of the justifi-
cation for the law was that some people might otherwise avoid getting genetic tests that
could benefit their health. Another benefit is that the law would encourage people to be
more willing to participate in research studies without fear that their genetic information
might be used against them.*

From a public health perspective, there is danger that the enthusiasm for genomics
may deflect attention and resources from the important mission of preventing disease
in the population. Although individuals differ in their genetic susceptibility to the most
common diseases, these diseases are associated with well-known environmental and
behavioral risks that are traditional targets of public health intervention. Smoking, for
example, increases risk for heart disease, several kinds of cancer, and a number of other
diseases. To reduce smoking in the whole population is a far more efficient and effective
approach to improving the population’s health than attempts to identify risk genes in
individual smokers. There is a place for genomics in understanding the biological basis
of diseases that cannot be prevented with existing knowledge, such as breast cancer,
type 1 diabetes, and Alzheimer’s disease. However, many public health advocates believe
that resources would be better spent on research and interventions aimed at modifying
health-related behaviors, including smoking, diet and physical activity patterns, and
sexual behavior.”!

According to one skeptical epidemiologist, the benefits of genomics are likely to be
greatest for treatment rather than prevention, and “our resources allocated to treatment
already massively outweigh those spent for disease prevention.”*

Conclusion

People’s health is determined significantly by their genes, and sometimes by prenatal
exposure to infectious agents and toxic substances. Public health measures can sometimes
prevent unfortunate health outcomes caused by genes or by exposures before birth.
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A number of bacteria, viruses, and parasites are known to damage a developing fetus.
Immunization of children against some of these infectious agents prevents infections from
affecting future generations. Some chemical substances, including several well-known
prescription drugs as well as alcohol and illegal drugs, can also cause birth defects. Public
health efforts to prevent these exposures include environmental protection and regula-
tion by the FDA.

With increasing knowledge about the genetic basis of some diseases, public health
is able to take some actions to minimize their impact. Some conditions, such as Down
syndrome, can be easily detected during pregnancy, permitting parents to choose whether
to bear an affected child. For a few notorious diseases in children who receive a defective
gene from each parent, such as Tay-Sachs and sickle-cell disease, prevention involves
screening at-risk populations, allowing potential parents to choose whether to conceive
an affected child. A major public health effort is focused on diagnosing severe metabolic
disorders that can be treated if detected soon after birth. All states have newborn screening
programs that test dried spots of blood taken from each infant soon after birth.

The increasing knowledge about the role of genetics in health and the growing capacity
to test for individuals’ genetic makeup raise many ethical issues concerning how the infor-
mation should be used and whether application of this knowledge will divert resources
from public health’s mission of preventing disease in the whole population.
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Part IV

Social and Behavioral
Factors in Health







Chapter 13

Do People Choose Their
Own Health2

KEY TERMS

Social norms approach

Early successes of public health, in its mission to prevent death and disability, often came
from focusing on specific diseases or groups of diseases, seeking particular causes, and
finding ways to interrupt the cause-and-effect relationships. This approach was validated
in the early 20th century by victories over infectious diseases. Public health professionals
learned to break the chains of infection, most often by removing etiologic agents (bac-
teria, viruses, parasites) from the environment (water, food) or by developing vaccines
to immunize potential hosts.

As infectious diseases were brought under control and as chronic diseases became
more significant as causes of death and disability, it became increasingly apparent that
the challenges faced by public health regarding chronic diseases would be more complex.
Compare the leading causes of death in the United States in 1900 with those in 2013,
as shown in (Table 13-1) and (Table 13-2). The top three killers of 1900, which were of
infectious origin, have moved down or disappeared from the 2013 list, while heart disease
has moved from fourth to first and cancer from eighth to second. The diseases at the
top of the 2013 list have complex causes and most have no clear etiologic agent. Despite
decades of biomedical research, there are no vaccines or environmental solutions to the
problems of cancer and heart disease.

In 1990, a group of public health experts from the Centers for Disease Control
and Prevention (CDC) decided that they should look at the data in a different way.
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They observed that the leading causes were not, in fact, root causes but were merely
the diagnoses identified at the time of death. These diseases result from a combina-
tion of inborn (largely genetic) and external factors. The panel of experts undertook
to identify, where possible, the underlying causes of death from each of the leading

Table 13-1 Leading Causes of Death in the United States, 1900

Cause Number of  Percent of
Deaths  All Deaths
Pneumonia and influenza 40,362 11.8
Tuberculosis (all forms) 38,820 11.3
Diarrheaq, enteritis, ulceration of intestines 28,491 8.3
Diseases of heart 27,427 8.0
Intracranial lesions of vascular origin 21,353 6.2
Nephritis 17,699 5.2
All accidents 14,429 4.2
Cancer and other malignant tumors 12,769 3.7
Senility 10,015 2.9
Diphtheria 8056 2.3 Denominator

for percent 343217

Data from National Center for Health Statistics, “Death and Death Rates for Leading Causes of Death, 1900-1940,”
page 67, http://www.cdc.gov/nchs/data/dvs/lead1900_98.pdf, accessed September 16, 2015.

Table 13-2 Leading Causes of Death in the United States, 2013

Cause Number of  Percent of
Deaths All Deaths
Diseases of heart 611,105 23.5
Malignant neoplasms (cancer) 584,881 22.5
Chronic lower respiratory disease 149,205 57
Unintentional injuries 130,557 5.0
Cerebrovascular disease 128,978 5.0
Alzheimer’s disease 84,767 3.3
Diabetes 75,578 2.9
Influenza and pneumonia 56,979 2.2
Nephritis, nephrotic syndrome 47,112 1.8
and nephrosis
Suicide 41,149 1.6 Denominator

for percent 2596993

Data from U.S. Centers for Disease Control and Prevention, “Leading Causes of Death,” http://www.cdc.gov/nchs
/faststats/leading-causes-of-death.htm, February 6, 2015, accessed May 29, 2015.
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diseases. They came up with a list of nongenetic factors that they called the leading
actual causes of death.! While the mortality figures were only estimates, they were
based on the best data available. These factors are highly significant for public health
because they are preventable causes of death and disability and because they provide
targets for public health intervention. In 2000, CDC scientists repeated the analysis
with new data and found some changes, although the order of importance is almost
the same.? (Table 13-3) shows the leading actual causes of death in 2000, which are
still presented as valid on the CDC’s website.’

Tobacco was found to be the leading actual cause of death in the United States.
According to the study, tobacco accounts for 30 percent of all cancer deaths and 21
percent of cardiovascular disease deaths. In addition, it causes chronic obstructive
lung disease, infant deaths due to low birth weight, and burns due to accidental fires.
Of the 435,000 deaths attributed to tobacco smoking, 35,000 were caused by second-
hand smoke.

Poor diet and physical inactivity are listed as the second most important actual
cause of death. These two factors are closely related to each other, with overeating and
inactivity combining to lead to obesity. Dietary fat, sedentary behavior, and obesity
have all been associated with heart disease, stroke, several forms of cancer, and diabe-
tes. The number of deaths attributed to this factor increased by 22 percent from the
1990 estimates, the largest change among all actual causes of death. The prevalence of
overweight and obesity among Americans increased dramatically during the 1990s
and continues to increase.

In 2005, an analysis by scientists from the CDC and the National Cancer Insti-
tute found fault with the calculations of obesity as a leading cause of death.? The new

Table 13-3 Actual Causes of Death in the United States, 2000

Cause Number of Deaths Percent of All Deaths
Tobacco 435,000 18.1
Poor diet and physical inactivity 365,000 15.2
Alcohol consumption* 85,000 3.5
Microbial agents 75,000 3.1
Toxic agents 55,000 2.3
Motor vehicle 43,000 1.8
Firearms 29,000 1.2
Sexual behavior 20,000 0.8
Illicit drug use 17,000 0.7

*16,653 deaths from alcoholrelated crashes are included in both alcohol consumption and motor vehicle death
categories.

Reproduced from A. H. Mokdad, J. S. Marks, D. F. Stroup, and J. L. Gerberding, “Actual Causes of Death in the United
States, 2000,” © Journal of the American Medical Association 291 (2004): 1238-1245; 298, Table 1.
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calculations, using different statistical methods, led to the conclusion that being mod-
erately overweight was actually protective, especially in older people, although obesity
still caused premature deaths. The publication of this study prompted great glee among
critics of the “health police” and libertarians who object to being told what to do by the
government. It is not clear why this analysis produced such different conclusions from
the previous ones. In fact, the authors, troubled by the contradictions, revisited the issue
in 2010, investigating several possible systematic biases that might explain them. They
concluded that the differences could not be explained by illness-induced weight loss or
residual confounding by smoking, and they reaffirmed the findings of the 2005 study.®
The evidence is still strong that excess weight increases risks for heart disease, diabetes,
high blood pressure, and some kinds of cancer. One possible explanation for the findings
is that medical care has become increasingly effective in preventing deaths from these
diseases. Despite the controversy, public health professionals continue to regard excess
weight and obesity as a major threat to people’s health.

Misuse of alcohol was listed as the third actual cause of death, causing 35 percent to
40 percent of motor vehicle fatalities, as well as chronic liver disease and cirrhosis, home
injuries, drowning, fire fatalities, job injuries,and 3 percent to 5 percent of cancer deaths.
Alcohol consumption by people under 21, the legal drinking age, is associated with many
health and social problems, including alcohol-impaired driving, physical fighting, poor
school performance, sexual activity,and smoking. Underage drinking to excess is respon-
sible for more than 4300 deaths in the United States each year.®

Number four on the list—microbial agents—encompasses the top three killers of
1900. The fact that mortality from infectious diseases has become so much less signifi-
cant is testimony to public health’s successes. As discussed previously, however, infectious
diseases have by no means been conquered, and they could move to a higher position on
the list in the future.

The fact that toxic agents are listed fifth as an actual cause of death is evidence of
successes in environmental health. The list’s authors call this figure the most uncertain;
environmental threats may actually belong farther up the list. Certainly, environmental
pollution is much more significant as a cause of death in the former Soviet Union, where
environmental health has not been given the priority it has in the United States.

Firearms, sexual behavior, motor vehicles, and the illicit use of drugs round out the
list. The authors, recognizing that some deaths may have multiple causes, choose what
they believe to be the most significant. For example, they attribute most AIDS deaths to
sexual behavior or drug use, although they recognize of course that a microbial agent is
involved. The number of deaths attributed to these actual causes has declined since 1990
because of improved treatments for human immunodeficiency virus (HIV). Deaths from
alcohol-related motor vehicle crashes have also declined since 1990, largely due to better
enforcement of drunk-driving laws.

These nine actual causes of death account for approximately 50 percent of all deaths in
the United States. The other half includes genetic factors, which were specifically excluded
from the analysis, and other less clearly identifiable causes. Lack of access to health care was
cited as a significant factor. This problem should be alleviated by the new health care law
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passed during the Obama administration. Presumably, many deaths could legitimately be
attributed to old age. The nine identified factors are of particular public health significance
because they cause premature deaths; they are often preceded by impaired quality of life;
and many could be prevented by public health measures.

In trying to prevent premature death and disability, public health must focus on these
nine factors. Two of them—microbial agents and toxic agents—have traditionally been
public health issues. The other seven are rooted in the behavioral choices of individuals.
This is the biggest challenge now faced by public health. How can people be persuaded to
behave in healthier ways in a democratic society, where every step is fraught with political,
economic, and moral controversy?

There are two obvious approaches that the government has traditionally taken to
promote healthy behavior: education and regulation. Both of these approaches have had
successes and both have had failures. Both continue to be important components of public
health’s struggle to accomplish its mission.

Education

Most simply, education informs the public about healthy and unhealthy behavior. Many
people who are concerned about their health and that of their families do in fact adjust
their behavior in accordance with new information. For example, the 1964 Surgeon
General’s report called Smoking and Health,” the first authoritative statement from the
federal government that smoking caused cancer and other life-threatening diseases, had
a significant impact on the prevalence of smoking in the United States. Many people quit
the habit after learning the information, and the prevalence of smoking began to decline
for the first time after 1964.

Information on healthful eating habits has traditionally been provided by the federal
government. In the early 20th century, concern focused on nutritional deficiencies, and
the government conducted research on requirements for various vitamins and minerals,
leading to listings of recommended dietary allowances or daily values. The educational
process was furthered by Food and Drug Administration (FDA) requirements for label-
ing of prepared foods, which must accurately identify the percentage of the daily value
provided by each serving.

While the prevention of nutritional deficiencies is still a valid concern, especially
among the poor, the focus of government educational programs on nutrition has shifted
to the prevention of the major killers—cancer, cardiovascular disease, and diabetes, which
tend to be associated with nutritional excesses. Research over the past several decades has
led to a greater understanding of the importance of overall dietary pattern in the onset of
these diseases. The government’s educational efforts have stressed the importance of eating
less fat (especially saturated fat),less salt,and more fruits, vegetables, and grains. The FDA
has revised its labeling requirements to provide consumers with the information that will
allow them to follow its guidelines. There is evidence that Americans have responded to
the message that they should cut down on fat in their diet and that this behavior may have
helped bring down the high rates of heart disease over the past 40 years.
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Results of efforts to modify dietary and smoking behaviors, while showing some
success, also illustrate the limitations of the educational approach. The impact of both
messages has been limited. While the percentage of Americans who smoke has declined,
almost one in five adults maintains the habit despite widespread knowledge about the
dangers of tobacco.® Evidence of dietary improvement is difficult to verify, since surveys
of people’s eating habits are notoriously unreliable. While the decline in heart disease is
encouraging, the prevalence of obesity has increased, casting doubt on the extent to which
Americans have really improved their eating habits.

Educational efforts to modify health-related behavior can be controversial, even
when the messages seem benign and obvious. For decades the tobacco industry used
all its political and economic power to dispute the evidence that smoking was harmful.
Even the government’s policy on diet has generated opposition, for example, from the
meat industry, which has fought to delay the release of proposed recommendations
that people eat less meat and more fruits, vegetables, and grains—recommendations
that, if widely followed, would financially harm the industry.” Similarly, the sugar
industry has fought government recommendations that people should reduce sugar
in the diet."

The educational messages most guaranteed to generate controversy, however, are
those concerning sexual behavior. American attitudes about sex are notoriously ambiva-
lent. Though movies and television shows frankly depict sexual activity, many people
are puritanically reluctant to talk about how people can protect themselves against the
natural consequences of that activity: unintended pregnancy and sexually transmitted
diseases. For example, the tenure of Joycelyn Elders as President Clintons Surgeon
General was extremely controversial because she spoke out openly on these issues,
recommending condom use and masturbation, until she was forced by political pres-
sures to resign her office.

Schools are naturally a prime site for health education programs. The goal is to teach
children from an early age how to live healthy lives, providing information, for example,
on diet, exercise, and the dangers of smoking, alcohol use, and drug abuse. Studies have
shown that school education programs are effective in teaching children the facts about
health and safety. It is less clear, however, that they actually influence young people to
behave in healthier ways.

Sex education in the schools is highly controversial. Opponents have argued for
years that teaching young people about sex encourages them to indulge in immoral
behavior. When AIDS came along, the controversy became more intense because it
meant that sexual behavior could be a matter of life and death. Many proponents of
explicit education about safe sex argue that young people have sex no matter what
they are taught and that they should be informed about how to protect themselves.
Opponents argue that condoms are only partially effective in preventing pregnancy
and sexually transmitted diseases and that young people should be taught that they
can protect themselves only by abstinence. This was the policy of the George W. Bush
administration, which allocated hundreds of millions of dollars of federal funds for
abstinence-only education. Many of these programs commonly contained multiple
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scientific and medical inaccuracies. According to Richard Daines, the New York State
Commissioner of Health, “the Bush administration’s abstinence-only program is an
example of a failed national health-care policy directive, based on ideology rather than
on sound scientific evidence that must be the cornerstone of good public health-care
policy”"!

In fact, a number of studies have shown that students who have received compre-
hensive sex education in school delay initiation of sex, reduce the number of partners,
and are more likely to use contraception when they do have sex. And while the use of
condoms cannot guarantee protection against pregnancy and HIV transmission, con-
doms do reduce risk. Nevertheless, the controversy continues in many communities. The
decision on what students should be taught about sex is made by local school boards and
depends on “community standards.”

An extension of the educational approach to changing behavior is the use of
advertising to reinforce the public health message. Most people are subjected to large
doses of media messages promoting unhealthy behavior, including cigarette ads in
magazines, beer commercials on television, and movie portrayals of unsafe sex. The
occasional public service announcements meant to convey countervailing messages are
feeble weapons in the battle for public health, although there is evidence that counter
advertising about the dangers of smoking helped to reduce smoking rates in the 1960s.
The “Just Say No” antidrug campaign during the Reagan administration was strong
enough to make an impression; whether it persuaded people to change their behavior
is doubtful. Recently there have been efforts to develop more effective approaches to
conveying public health messages in the media. One of these was the successful Harvard
School of Public Health campaign to persuade several television producers to write
“designated drivers” into their sitcom scripts as a way of advocating an alternative to
drinking and driving.'?

Another variation on health education that has become popular with college adminis-
trators to curb high-risk student drinking is the social norms approach. This approach is based
on an influential study from the 1980s, which surveyed students about their perception
of the frequency and amount of drinking among their peers. It turned out that students
generally believed that other students drank more than they actually did. The remedy to
the misperception that “everyone is doing it” is to advertise the actual norms on campus.
Institutions could reduce high-risk drinking by up to 20 percent over a relatively short
period of time by conducting surveys on campus and advertising the results.”* Although
use of the social norms approach is in an early stage, its proponents believe it can be used
for a variety of other issues, such as tobacco prevention, seat-belt use, and prevention of
high-risk sexual activity.

Health education messages may also be delivered by a medical professional during
an office visit. Doctors who care for people with chronic diseases such as diabetes and
asthma know that they can keep their patients healthier if they include a health education
component in their treatment plans. Studies have shown that, while patients do not always
follow the doctor’s orders, a physician’s recommendation can increase the likelihood that
people will change their behavior."
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Public health’s mission is to prevent disease, while medicine traditionally focuses
more on treatment and cure. However, the fact that the medical profession can—and often
does—play an important role in communicating public health messages about healthy
behavior means that public health has a role to play in educating medical providers about
health risks and health-related behaviors.

Regulation

Governments have always regulated people’s behavior by passing and enforcing laws. The
regulatory approach is clearly warranted when its intent is to restrain people from harming
others. Laws against murder and assault are in effect public health laws, and there is no
question about their legitimacy. Traffic laws—also aimed at protecting public health—are
clearly accepted as necessary. Though not scrupulously obedient, everyone recognizes the
importance of stopping at red lights, keeping to the right side of the road (in the United
States), and driving at speeds appropriate to the conditions.

Most states have laws concerning alcohol and tobacco use aimed at protecting the
public’s health. Laws against drunk driving are clearly justified as a means of protecting
others. Laws that regulate smoking in indoor public places are also justified on the basis that
smokers create a health hazard by polluting the air that others must breathe. Most adults
agree with laws aimed at preventing children and teenagers from behaving in ways that
may harm their health, such as restrictions on access to alcohol and tobacco. The greatest
controversy about governmental attempts to regulate behavior arises when these efforts
are perceived as interfering with a mature individual’s freedom to take risks with his or
her own health. Laws requiring seat-belt use or motorcycle helmets, accordingly, are less
well accepted than speed limits.

Controversy over public health laws is not new. In the 19th century, major contro-
versies raged in Britain and the United States over laws requiring immunization against
smallpox. In the United States the matter was decided in the 1905 Supreme Court decision
Jacobson v. Commonwealth of Massachusetts, which upheld that state’s right to require
vaccination “for the common good.”"®

Another hot issue in the 19th century, both in Britain and the United States, was the
control of venereal diseases, a campaign fraught with moral and social implications that
presaged more recent controversies over AIDS. In Britain, a series of Contagious Diseases
Acts were passed in the 1860s and 1870s, providing for compulsory medical examina-
tions of known and suspected prostitutes and detention of those found to carry disease.
Such laws were justified by arguing that venereal diseases were a national defense issue:
Military recruits affected by syphilis and gonorrhea would be unfit for service. Proponents
also argued that irresponsible men, infected by prostitutes, carried diseases home to their
innocent wives. It was especially urgent to prevent the spread of syphilis, which can be
transmitted from an infected woman to her fetus during pregnancy, causing severe dam-
age to the child. In the United States, most states adopted laws that required couples to be
certified free of disease before they could obtain a marriage license.'¢

Many of the themes that occurred in the debates over venereal disease control have
recurred today in debates about AIDS prevention. In fact, two states passed laws in the
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1980s requiring premarital screening for HIV infection—similar to the old requirement
for syphilis testing. However, these laws were soon repealed, as the syphilis laws have
been. Changes in social norms mean that premarital screening occurs too late to protect
women—or men—against sexually transmitted diseases. The conflict between, on the
one hand, the protection of the privacy and freedom of the infected individual and, on
the other hand, the protection of the health of potential “innocent” victims is the same
with AIDS as it was with syphilis. However, the political power of gay men, the group
most affected by AIDS in the early days of the epidemic, was much stronger than was
the power of prostitutes in the 19th century. The gay community fought against many
proposals designed to prevent the spread of the virus. For example, legal battles were
fought in San Francisco and New York over the closing of gay bathhouses, which were
the site of many unsafe sexual practices. New York State’s 1985 decision to close the
bathhouses in New York City was upheld by the courts. In San Francisco, legal action
by the gay community forced an overturn of the city’s order to close the bathhouses.
However, the court ordered bathhouse owners to hire monitors to prevent high-risk
sexual activity."”

Does Prohibition Work?

The most ambitious attempt by the U.S. government to regulate the behavior of its citi-
zens was Prohibition, passed by a constitutional amendment in 1919 that was repealed
14 years later. Common wisdom holds that Prohibition was a failure, but today’s society
treats “recreational” drugs—marijuana, heroin, cocaine—in much the same way that the
Eighteenth Amendment treated alcohol, and few public health leaders are willing to call
for an end to the “war on drugs.” In fact, the Prohibition approach to regulating behavior
appears to have mixed results, combining success and failure in a complex way.

The movement to legally ban alcohol became a moral crusade in the late 19th
century, with prohibitionists blaming alcohol for all the ills of society. According to the
rhetoric, drinking drove men to violence, especially against their wives and children;
drunkards were a threat to public safety; and drunkenness itself was looked on as a
sin and a crime. In fact, public disapproval had convinced many people to cut down
on or quit their use of alcohol, and consumption had declined even before the Eigh-
teenth Amendment was approved.'® During Prohibition, the rate of cirrhosis of the
liver declined to half that of 1910. Despite the image of the Roaring Twenties—with
speakeasies, flappers, and bathtub gin—consumption of alcohol fell by two-thirds."
However, it was also true that flouting of the law became socially acceptable, and
organized crime flourished.

The debate about Prohibition resurfaces occasionally in the context of illegal drugs.
In an exchange of letters published in the Wall Street Journal in 1989, two prominent
conservatives debated whether the war on drugs was doing more harm than good.?**!
The economist Milton Friedman argued that while drugs are “tearing asunder our social
fabric, ruining the lives of many young people, and imposing heavy costs on some of the
most disadvantaged among us,” much of the harm results from the fact that the drugs are
illegal.?® The illegality drives up the price of the drugs, providing a financial incentive to
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drug dealers, causing desperate addicts to commit crimes to pay for their addiction, and
corrupting law enforcement officials tempted by bribery. Removing the “obscene profits”
from the drug market, Friedman wrote, would reduce the motivation of drug pushers to
recruit future addicts among vulnerable young people.

Opposing this view was William Bennett, who was the leader of the first President
Bush’s drug-control efforts. Bennett admitted that the war on drugs is costly, but argued
that the cost of not enforcing laws against drugs would be higher. He claimed that after
repeal of Prohibition, the consumption of alcohol soared by 350 percent and asked if the
country could afford such a dramatic increase in drug use. He blamed current levels of
drug use for lost productivity, rising health insurance costs, flooding of hospitals with
drug overdose emergencies, and drug-related accidents. He disputed the argument that
addicts turn to crime to support their habit, claiming that many addicts were criminals
before they turned to drugs.”!

The argument has not been resolved. In 2001, the National Academy of Sciences
published a report suggesting that the Prohibition-like approach may not be working. The
report stated that, although the federal government spends some $17 billion each year
on drug enforcement programs, there is little information on the effectiveness of these
programs. The number of people arrested and incarcerated for drug offenses increased
throughout the 1980s and 1990s, despite a lack of evidence that this approach helped
to deter illegal drug use. “It is unconscionable for the country to continue to carry out
a public policy of this magnitude and cost without any way of knowing whether and to
what extent it is having the desired effect,” the report concluded.?®*”

Other arguments against the war on drugs were put forward by Nicholas Kristof
in a 2009 New York Times column entitled “Drugs Won the War” Kristof notes that the
United States incarcerates people at a rate nearly five times the world average, adding up
to 500,000 people in 2009. The prohibition approach is expensive, costing federal, state,
and local governments some $44.1 billion annually. Drug prohibition also raises prices,
empowering criminals athome and terrorists abroad. The Mexican government is engaged
in a vicious war against the drug cartels, which supply drugs mainly to the American
market. And the Taliban in Afghanistan support themselves largely by the opium trade.”

Although it seems unlikely that the United States will abandon the war on drugs
completely, President Obama’s original drug czar, Gil Kerlikowske, declared an intention
to shift the emphasis more toward treatment rather than imprisonment, more consistent
with the public health approach. Evidence on the effectiveness of treatment and preven-
tion programs is also thin, however. The most widespread prevention program used in the
United States, the school-based D.A.R.E. (Drug Abuse Resistance Education) program,
which has a “zero-tolerance strategy; has been found to have little impact on drug use.?

Later in this text, we undertake a more theoretical discussion of what influences
people to behave in the ways that they do. It is clear that, to be effective, public health must
expand beyond the traditional approaches of education and regulation in its attempt to
change people’s unhealthy behaviors. Elsewhere, we discuss ways in which a combination
of education and regulation is being used to change people’s behavior in relation to the
substance that tops the list of hazards to health: tobacco smoking.
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Conclusion

Asinfectious diseases have become less predominant causes of death in the United States,
a major focus of public health programs has shifted to people’s behavior. An analysis
conducted by a group of public health leaders has concluded that the top three actual
causes of death are smoking, poor diet and physical inactivity, and alcohol consumption.
Other behavioral factors that are among the top nine causes of death are firearms, sexual
behavior, motor vehicles, and the illicit use of drugs. For public health to significantly
reduce the death rates beyond what it can achieve in controlling infectious diseases, it
must find ways to promote behavioral change.

Two approaches that government has traditionally taken to persuade people to change
their behavior are education and regulation. Education about health includes simply
informing people about risks, which can be an effective strategy when new knowledge
becomes available, as occurred with the 1964 Surgeon General’s report called Smoking
and Health. Food labeling is also part of an educational effort to encourage Americans
to eat a healthier diet. Regulation is another effective approach to promoting behavioral
change, although it is often unpopular. Historically, the most ambitious attempt to regulate
Americans behavior was Prohibition, which did in fact improve their health by reducing
the rate of cirrhosis of the liver. Whether the Prohibition-like approach currently used
for control of illegal drugs is effective has not been demonstrated.

Research in the social and behavioral sciences has led to the development of theories
of why people behave as they do and how they can be influenced to change their behavior.
The evidence indicates that health promotion programs are most effective when they target
individuals at many different levels of influence.
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Chapter 14

How Psychosocial Factors
Affect Health Behavior

KEY TERMS

Ecological model Socioeconomic status Stress

Health belief model (SES) Transtheoretical model
Self-efficacy Social support

While individual behavior plays a major role in determining a person’s health, many
factors influence individual behavior. Humans are social creatures, and their behavior
is strongly affected by their social environment. This accounts, at least in part, for the
fact that diseases tend to be distributed in the population according to certain patterns:
Certain groups have characteristic disease patterns that remain constant over time even
when individuals in the group change. From a public health perspective, it may be more
efficient to try to change the social environment that influences people to behave in
unhealthy ways than to try to change people’s behavior one individual at a time.

Another reason to consider the social environment in studying health behavior is
that when the focus is on the individual, the conclusion is likely to be that the person is
to blame for his or her illness. Unhealthy behaviors may be maintained and reinforced
by aspects of the social environment that are beyond the individual’s control. It may
be more appropriate for public health intervention programs to focus on these social
aspects or at least consider them in designing programs aimed at promoting healthy
behavior.

Demographic factors—including race, gender, and marital status—are consistently
found to influence health. Statistics show that most ethnic minorities in the United States
have significantly higher mortality rates from most diseases than whites. Males have
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higher mortality rates than females at all ages, although females tend to suffer more from
chronic illness. Married people are in general healthier than people who are not married,
whether single, separated, widowed, or divorced. The reasons for these differences are
believed to be primarily social.

The most important predictor of health is socioeconomic status (SES), a concept that
includes income, education, and occupational status, factors that tend to be strongly associ-
ated with each other. SES accounts in part, though not entirely, for the health differences
by race, sex, and marital status. For example, blacks tend to be less healthy than whites,
and they generally have lower SES than whites. However, even wealthy, educated blacks
have higher mortality rates than whites of comparable SES."

Groups with the lowest SES have the highest mortality rates,a fact that is true in many
different countries and has been true for centuries, for reasons known and unknown.?
In London in 1665, the poor were more likely to die in the plague epidemic because of
poor nutrition and sanitation and because they could not flee the city to escape infection
as the wealthy did. In the United States today, the health of the poor is threatened by the
adverse environmental conditions of the inner cities, such as lead paint and air pollution,
crime, and violence. Poor people also have poorer nutrition, less access to medical care,
and more psychological stress.

It is not only the effects of poverty that account for socioeconomic variations in
health, however. The association is seen at all levels of the socioeconomic scale, the
very rich being healthier than the rich, who are healthier than the middle class, and so
on. In a study of British civil servants called the Whitehall Study, mortality rates over a
10-year period were compared across four employment grades. Top administrators were
compared with executives and professionals, the clerical staff, and unskilled laborers.?
As seen in (FIGURE 14-1), higher employment status was associated with a lower risk
of dying.

Part of the reason that people with higher SES are healthier seems to be that people
with more education behave in healthier ways. For example, in 2013, 25.8 percent of
Americans without a high school diploma smoked, while of those with a bachelor’s degree
or higher, only 7.7 percent smoked. Those with more education were also more physically
active. #Tbles5203) Similarly, the Whitehall Study questioned subjects about their habits and
found that those in higher employment grades were less likely to smoke, more likely to
exercise,and more likely to eat a healthful diet that included skim milk, whole grains,and
fresh fruits and vegetables.?

Variable access to medical care is another factor that has been blamed for some of the
socioeconomic differences in health. In the United States, where 15 percent to 20 percent
of the population—mostly those in low socioeconomic groups—lacks health insurance, it
was often argued that universal health insurance could reduce health inequalities. However,
the SES differences in mortality are also seen in Britain, Scandinavian nations, and other
countries that have national health programs. The British civil servants in the Whitehall
Study all had the same medical coverage by the National Health Service; yet the mortality
risks were still higher at lower employment grades, even when behavioral factors were
taken into consideration.
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FIGURE 14-1 Mortality from All Causes by Year of Follow-Up and Grade of Employment, in
Whitehall (U.K.) Male Civil Servants, Initially Aged 40-64

Reproduced from M. 6. Marmot, M. J. Shipley, and G. Rose, “Inequalities in Death—Specific Explanations of a General Pattern?” The Lancet, 323:1003-1006, 1984, with
permission from Elsevier.

Health of Minority Populations

Race and ethnicity have been seen to profoundly affect health in the United States.
Most data on health status of different population groups show that the health of black
Americans, the largest racial minority, constituting about 17 percent of the population,
is poorer than that of white Americans. Hispanics are a heterogeneous group, and their
health status varies among different subgroups. American Indians generally have poorer
health indicators than whites, while Asian Americans have better health status.

While the overall health of the U.S. population has improved over the past decades,
health disparities among racial and ethnic groups have persisted. Life expectancy at
birth in 2013 was 79.1 for whites and 75.5 for blacks.*™*19 The infant mortality rate of
blacks was more than double that for whites, and the rate for American Indians/Alaska
Natives was 1.6 times higher than that of whites.™"1) Mortality from diabetes is almost
twice as high in blacks as in whites and 1.8 times as high in American Indians as in
whites. ™ 18) Black men die of prostate cancer at 2.3 times the rate of white men.’
The death rate from HIV/AIDS is almost 7 times higher among black men than white
men, and 14 times higher for black women than white women, way out of proportion to
their percentage of the population. (el 2?)

The health disparities may be accounted for in part by the lower SES of blacks, who
live in households with median incomes $17,000 less than the average for the nation.®
Over 27 percent of blacks were living in poverty in 2013, as compared with 9.6 percent of
non-Hispanic whites.® Blacks have less education on average than whites, and they have
higher unemployment rates. The reasons for the socioeconomic disparities are complex
and somewhat inaccessible to public health interventions. Moreover, the relationship
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between socioeconomic status and health is not entirely understood. Nevertheless,
public health must find ways to improve the health of groups that have historically
been disadvantaged economically, educationally,and politically. The federal government
predicts that by 2050, nearly half of Americans will belong to racial and ethnic minorities.
If the health disparities are not remedied, the overall health of the U.S. population is
likely to decline.”

Public health interventions aimed at improving the health of minority groups
include efforts to influence their health behaviors. These efforts begin with attempts to
understand what factors influence health and health behavior, how these factors may
affect people of various ethnic and racial groups differently, and what kind of interven-
tions can be effective in modifying these factors. This chapter and later chapters that
consider specific health behaviors will examine how minority groups differ from the
majority white population and how those differences may be related to the observed
disparities in health.

Stress and Social Support

A number of psychological factors have been found to influence health, some of which
may have a role in the health effects of SES. One of these factors is stress, which is due
to the adverse physical and social conditions associated with lower SES, which may act
both directly, by affecting physiological processes, and indirectly, by influencing indi-
vidual behavior. Early evidence of the health effects of stress came from observations
that widows and widowers seemed to have an unusually high risk of dying soon after the
death of their spouses. Several studies in the 1960s and 1970s found that mortality rates
of survivors are 40 percent to 50 percent higher during the six months after the death
of a spouse compared to the mortality of married people of the same age. These studies
were expanded to include the effects of other stressful life events such as death of other
family members, divorce, and loss of a job, all of which were found to increase the risk
of illness or death.?

Stress is well established as a contributor to heart disease, a relationship that has
been demonstrated in a variety of epidemiologic studies. A particularly convincing
example is a study of the male employees of two banks. At first, the two groups were
similar, but one bank changed its management policies to become commercial. The
employees of the commercial bank had to deal with considerable competition, risk,
and responsibility for investing funds; employees of the other bank, a semipublic sav-
ings bank, had less competition and fewer responsibilities. Over a 10-year period, the
employees of the commercial bank were found to have 50 percent higher rates of heart
attacks and sudden death.’

Experiments on animals ranging from rats to baboons have found that various
psychosocial stresses induce physiological changes such as decreased immune response
and increased atherosclerosis. A 1991 experiment on humans demonstrated that stress
suppresses the immune response in humans also. In that experiment, investigators
measured levels of psychological stress in 420 healthy volunteers, then administered nasal
drops containing cold viruses to all but a small control group. They found that the subjects
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whose stress levels were higher were more likely to be infected with cold viruses and more
likely to develop colds, with symptoms including sneezing, coughing, eye watering, nasal
discharge, sore throat, and increased use of tissues.'’ A whole new field of research called
psychoneuroimmunology has arisen to study the impact of stress on health.

There are many reasons why lower SES exposes people to greater life stress. Daily
hassles are greater at lower levels on the SES hierarchy: Cars break down, landlords
complain about late rent checks, child care is unreliable, officials are rude. Members of
racial and ethnic minorities may be exposed to incidents of racial prejudice. These minor
but constant stresses may be as debilitating as such major life events as deaths in the family.
Higher income and education provide resources that help to buffer the impact of life’s
hassles, thereby protecting health.

A number of factors can help people cope with life’s stresses. Money, of course, can
solve a multitude of problems. Education is important because it provides the information
and skills to solve problems. Family and friends can also help by providing both emotional
and instrumental assistance. In fact, social support has proven to be surprisingly significant
in determining an individual’s health.

Early evidence for the influence of social support on health came from an epidemio-
logic cohort study conducted on residents of Alameda County in California. Persons aged
30 to 69 were surveyed in 1965 on their physical, mental, and social well-being as well as
their health-related habits such as exercise and the use of cigarettes and alcohol. They were
also asked about their social networks, such as marital status, number of close friends and
relatives, church membership, and affiliation with other organizations. Death certificates
were then monitored over the next 9 years to assess mortality rates and, in 1974, a follow-
up survey was conducted on survivors to assess their health status.!

The study, as expected, found a strong association between certain unhealthy behaviors
and higher mortality rates. More surprising, the study also found that an individual’s health
status and risk of dying were strongly associated with the extent and nature of his or her
social network. This was true for both men and women and for individuals of high SES
and low SES. The association remained true even after unhealthy behaviors were taken
into consideration. Throughout the socioeconomic spectrum, men and women with few
social contacts had mortality rates two to three times higher than those with many social
connections.

Many more recent studies have supported the conclusions of the Alameda County
study. Absence of social support has been related to an increase in coronary heart disease,
complications in pregnancy and delivery, suicide, and other unhealthy outcomes.'
Why social support should have such a broad and consistent effect on health is very
poorly understood. It probably acts in part through its ability to buffer stress. A better
understanding of the relationship between social support and health may come from
research in the field of psychoneuroimmunology.

Psychological Models of Health Behavior

While public health does not have much power to change people’s SES, stressful life events,
or social networks, it is hoped that understanding how these factors affect health may
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permit more effective interventions to promote healthier behavior. With this goal, social
and behavioral scientists have proposed various theories and models attempting to explain
how psychosocial factors affect health-related behavior. Some of these theories focus on
individual psychology, while others attempt to explain the effect of the social environment
on individual behavior. The goal of these analyses is to understand the most effective ways
to promote healthier behavior.

The classic frame of reference for understanding health behavior,and especially behavior
change, is the health belief model. Assuming that people act in rational ways, the health belief
model specifies several factors that determine whether a person is likely to change behavior
when faced with a health threat. These factors are (1) the extent to which the individual
feels vulnerable to the threat, (2) the perceived severity of the threat, (3) perceived barriers
to taking action to reduce the risk, and (4) the perceived effectiveness of taking an action
to prevent or minimize the problem.

Based on the health belief model, the public health approach to changing behavior
would be to convince people that they are vulnerable, that the threat is severe, and that
certain actions are effective preventive measures. For example, surveys of low-income
minority women who had not had mammograms found that many had misperceptions
about the disease. Some women underestimated their susceptibility to breast cancer (factor
1); others were embarrassed or afraid of the pain or radiation involved in a mammogram
(factor 3); and others felt that cancer was not curable and therefore there would be no
point in diagnosing it early (factor 4). Screening rates among these women could be
improved by counseling that included personally tailored messages that addressed the
womenss beliefs and concerns.”

Another important concept in understanding health behavior is self-efficacy, the sense
of having control over one’s life. People who are confident that they can control their lives
are said to have high self-efficacy. People who believe their lives are subject to chance or
external forces are said to have low self-efficacy. Self-efficacy is often added as a fifth factor
in the health belief model. People are more likely to adopt healthy behavior if they are
confident that they have the ability to do so.”

A sense of control is beneficial for health in a number of ways. Clearly, it reduces
stress. A number of studies in both humans and animals have shown that an individual’s
perception of the stressfulness of an adverse event can be reduced by two factors: knowledge
of when the stressful event will occur and the ability to regulate the timing and intensity of
the event. This knowledge and ability give the individual a sense of control, or self-efficacy.
The lowest self-efficacy is seen in people (or animals) who have experience of being unable
to avoid noxious events, especially if they have repeatedly tried and failed. They may
develop a pattern of “learned helplessness,” a pattern described as a “numbed acceptance
of a negative situation, so that an individual no longer tries to change that situation for
the better because he or she does not expect those efforts to make any difference”!4®49

A number of studies have shown that people with high self-efficacy are more likely
to engage in health-promoting behavior than those with low self-efficacy. An attitude of
learned helplessness is common in people who have repeatedly tried and failed to quit
smoking or lose weight.
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A great deal of research has been focused on how to increase people’s self-efficacy,
thereby helping to motivate them to practice healthy behaviors. An individual’s self-
efficacy is increased by previous successful performance of the behavior in question. It
may also be increased by seeing others successfully perform the behavior, especially if the
observed behavior is being performed by someone similar to themselves. For example,
the most successful school drug prevention programs include role-modeling, small group
exercises, and skills practice to teach students how to identify and resist internal and
external pressures to use drugs. These programs have been found to be much more effective
in enhancing students’ self-efficacy to resist drugs if they are led by older teens, with whom
they can identify, rather than by adult health educators.”

A theory that has proved widely useful in health education is the transtheorefical model,
which envisions change—for example, smoking cessation or adopting a healthy diet—as a
process involving progress through a series of five stages: precontemplation, contemplation,
preparation,action,and maintenance. People in the precontemplation stage have no intention
to change their behavior; the first step in getting them to change involves consciousness-
raising to increase their awareness that their behavior is unhealthy and should be changed.
In the second, contemplation stage, the person is more aware of the benefits of change, but is
also very aware of the difficulties and barriers to change and still is not ready to take action.
The third step is preparation, when a person has decided to make the change and has planned
concrete actions he or she could take, such as signing up for a class, discussing the plan with
their physician, or buying a self-help book. The fourth step, action, requires that individuals
actually modify their behavior by abstaining from smoking or adhering to a healthier diet.
Finally, maintenance is the stage in which people have achieved the healthier behavior but
must strive to prevent relapse.'s Knowing which stage an individual has reached can help
a physician or health educator move him or her along to the next stage.

The health belief model and the transtheoretical model are not contradictory; they
are merely alternative ways of looking at what may be the same psychological factors. Both
models can be useful in designing public health messages aimed at changing behavior.

Ecological Model of Health Behavior

In accordance with the recognition that individual beliefs and behaviors occur in a
social context and that health promotion may be more effectively achieved through
changing the social environment, so-called ecological models have been proposed for
understanding health behavior.'"” An ecological model looks at how the social environment,
including interpersonal, organizational, community, and public policy factors, supports
and maintains unhealthy behaviors. The model proposes that changes in these factors will
produce changes in individual behavior.

The ecological model, illustrated in (FIGURE 14-2), describes five levels of
influence that determine health-related behaviors; each level is a potential target for
health promotion intervention. The first level—intrapersonal factors—encompasses the
knowledge, attitudes, and skills of the individual. This is the level that has been explored
by the psychological theories discussed earlier in this chapter. The second through fifth
levels—interpersonal relations, institutional factors, community factors, and public
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FIGURE 14-2 Ecological Model

policy—each have an impact on individual behavior both directly and indirectly, by
interaction with the factors at other levels of influence.

The second level of influence, interpersonal relations—including family, friends,and
coworkers—has very important effects on health-related behavior. Families, of course, are
the origin of many health behaviors, especially habits learned early in life such as tooth
brushing, exercising, and eating patterns. In the teen years, pressure from peers becomes
more significant in influencing individual behaviors, such as smoking, using alcohol and
drugs, and engaging in other risk-taking behavior. On the positive side, family and peer
relationships provide the social support discussed earlier in this chapter.

Application of the ecological model at the interpersonal level would lead to differ-
ent strategies in a teen drug prevention program depending on the nature of the teens’
social relationships. A teen who belongs to a dense, homogeneous network will be more
influenced by the norms and values of that group than a teen who relates individually
to a number of separate individuals. In the close-knit group, drug prevention programs
would have to focus on changing the norms about drug use within the existing network.
When social networks are more loosely organized, the program might focus on creating
drug-free networks, encouraging teens to associate with those networks, and reducing
the desirability of membership in drug-using networks.

The third level of influence is significant because people spend one-third to one-half
of their waking lives in institutional settings, especially schools and workplaces, which
may have profound effects on their health and health-related behavior. In the workplace,
employees may encounter hazardous chemicals or risks from injuries and accidents.
Stress may be a problem. Alternatively, organizations may provide a corporate culture
that supports positive behavior change. Workplace or school cafeterias may provide
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health-conscious menus; exercise facilities may be available and their use encouraged;
smoking restrictions may prevail. Schools and workplaces provide ideal settings for public
health intervention.

The larger community—the fourth level —can be a significant influence on behavior.
Organizations can work together in a community to jointly promote healthy goals. An
understanding of community organization and networks can offer insight into promising
avenues for health promotion. For example, churches are the social centers for many black
and rural communities and may provide a focal point for health-related interventions.
Conversely, community factors may sabotage public health efforts to promote healthy
behavior. In the South, where tobacco is a pillar of local economies, public health advocates
may find it difficult to even raise the issue of the health consequences of smoking.

At the fifth level, public policy encompasses the regulations and limitations on
behavior that have been discussed previously. These are the most explicit and controversial
measures that local, state, and national governments take to promote healthy behaviors.
Such measures include smoking restrictions, age limits on alcohol sales, seat-belt laws,
and so forth.

Health Promotion Programs

As social and behavioral scientists gain a better understanding of how people’s behavior
is affected by their own beliefs and by the various levels of influence in their social
environment, theories such as the health belief model and the ecological model are being
used to design more effective public health and disease prevention programs. A good
example is provided by an AIDS prevention program targeted at gay men in San Francisco
in the mid-1980s.'® Prevention of infection through behavior change was and is still the
most effective approach to AIDS control because there is as yet no biomedical solution
to the problem—no vaccine and no proven cure.

In the 1980s, San Francisco was the city with the second highest number of AIDS cases
in the United States. Most of the cases occurred in gay men, and the primary means by
which the virus was transmitted was by sexual intercourse between men. Almost as soon
as this was understood, a prevention campaign was launched by the city health department
in collaboration with community-based AIDS organizations and a research group from
the University of California. They mounted an intensive media effort to inform at-risk
individuals about the practice of safer sex. However, researchers understood that merely
providing knowledge was not sufficient to change people’s behavior. By interviewing small
groups of gay men, they identified key beliefs that must be addressed if the messages were
to be acted on by the target population.

This approach combines elements of three theories discussed above: the health belief
model, self-efficacy, and the ecological model. The campaign’s goals were to promote the
following beliefs among high-risk individuals:

1. Belief in personal threat (i.e.,“I am susceptible to infection”).
2. Belief in response efficacy (i.e., “There is something I can do that will lessen the
threat of infection”).
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3. Belief in personal efficacy (i.e.,“I am capable of making these changes”).
4. Belief that new behaviors are consistent with group norms (i.e.,“My peers support
new behaviors”).!®

The first belief was relatively easy to achieve because of the extensive publicity about
AIDS in the general media. News and entertainment media aimed at gay men, including
gay newspapers, comic books and leaflets, and telephone hot lines could be used to focus
more on the second and third beliefs. Gay organizations held small group training sessions
to teach skills in the use of condoms as well as interpersonal communication skills such
as the ability to negotiate safer sex practices with prospective sex partners; this helped
to enhance perceptions of self-efficacy among those at risk. To achieve the fourth belief,
messages sought to encourage the perception that low-risk behaviors could be pleasurable
and satistying.

The first three elements of the campaign targeted individual health beliefs and
self-efficacy. The fourth element addressed interpersonal and community influences.
The campaign targeted community influences by providing educational programs for
bartenders in establishments frequented by gay men. Condoms were made widely available
in bars and small group meetings and were distributed by volunteers on street corners.
The public policy, government level of influence was brought in through provision by the
city of free, confidential testing for the human immunodeficiency virus (HIV) antibody.
Because public bathhouses were a frequent site of high-risk behavior, there was pressure on
the city government to close them, as was done in New York City. However, the campaign
as a whole was so successful in changing the behavior of gay men that business at the
bathhouses fell off, and public health officers were satisfied with merely posting warnings
to the clientele about safe sex."

The San Francisco AIDS prevention program was highly successful. Surveys done
between 1984 and 1988 found that gay men had dramatically reduced their high-risk
sexual behaviors during that period. For example, the percentage of men who reported
engaging in unprotected receptive anal intercourse—the behavior most likely to transmit
HIV—fell from 44 percent to 3 percent over the four years of the study.? When rates
of seroconversion among gay men from HIV-negative to HIV-positive were analyzed,
the researchers found that the behavior changes had paid off: Between 1982 and 1986,
seroconversion rates fell from 13 percent to only 1 percent.

The early success of AIDS prevention programs among gay men, in the rest of
the country as well as in San Francisco, was attributable largely to the fact that the gay
community was in general well educated and politically astute. The epidemic’s potential
victims tended to be of high SES, motivated to preserve their health and able to mobilize
resources to cope with the impending threat. Thus, they were more receptive to the health
promotion campaign than other groups at risk for HIV. However, the success at reducing
high-risk behavior has not been maintained. Ongoing studies of gay men in San Francisco
found that the prevalence of unprotected anal intercourse had increased from 31 percent
in 1998 to 46.6 percent in 2011.2%% Despite continuing HIV prevention programs, the
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prevalence of HIV-positive status among gay men in San Francisco has stabilized at about
24 percent.”!

Public health workers attribute the resurgence of sexual risk behaviors to the advent
of highly active antiretroviral therapy in 1995. Because of the remarkable effectiveness
of the new drug treatments, many younger gay men saw HIV infection as a less severe
threat (a factor in the health belief model) than did older gay men. The growing number
of infected individuals, who are living longer because of therapy, and the persistence of
unsafe sexual behaviors have led to a high rate of new infections, which more than replace
the number of gay men who die from AIDS, which remains stable.”!

Researchers in San Francisco believe that high rates of infection will persist in that
community and stress the need for intensification of effective prevention strategies. In
other parts of the country, different approaches may be necessary to reach high-risk groups.
For example, among blacks—the population with the highest prevalence of HIV—men
who have sex with men (MSM) often do not identify as gay. Thus prevention messages
targeted at them might need to be different from those used in San Francisco.” A large
number of studies have been done on behavioral interventions for HIV prevention and
their effectiveness at reducing risky sexual behaviors. Evidence has shown effectiveness for
individual person-to-person counseling, group-level programs that include a skill-building
component delivered by other MSM, and to a lesser extent, community-level programs
that can motivate and reinforce behavior change. There is little evidence, however, on
how to reach minority MSM who do not regard themselves as part of the gay community.
Other high-risk groups that need targeted programs include black women, who may be
at risk of infection because of heterosexual intercourse with bisexual black men, and
intravenous drug users.

Unfortunately, health promotion and disease prevention programs cannot be done
once and for all. They must be repeated for every generation and every new at-risk group.

Changing the Environment

As more is being learned about what influences people to behave the way they do, many
advocates believe that public health programs, to be effective, must concentrate less on
individual behavior and more on changing the environment—both the social environment
and the physical environment—to make it easier for people to behave in healthy ways.
For example, there are many fewer deaths from motor vehicle crashes now than there were
three decades ago. This public health success comes less from educational programs about
safe driving than it does from safer design of highways and automobiles.

Similarly, the San Francisco HIV researchers suggest that social biases against
homosexuality may contribute to the AIDS epidemic. They propose that recognition of
same-sex marriage might encourage more stable relationships among gays, reduce the
number of sexual partners by each individual, and thereby reduce the individual’s risk of
being infected. Public policy affects risk of HIV infection among intravenous drug users
by providing access to needle exchange programs, which are illegal in some communities.

Environmental factors influence people’s diet and activity patterns, which are the
second most important factor in Americans’ poor health. The government recommends
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that people eat five servings daily of fresh fruit and vegetables, but educating people who
live in poor areas of the inner city will not help improve their diets if they do not have
access to supermarkets or produce stands. Similarly, federal policies that since World War
IT have favored a suburban lifestyle must bear much of the blame for Americans’ lack of
exercise: People live in their cars because most places are not within walking distance.

The environmental perspective forces people to think of public health problems as
social and political issues that require collective action. Instead of blaming smokers for lack
of will power, public opinion has shifted its focus to the tobacco industry and the enormous
resources the industry has put into making their product attractive to young people, a way
of thinking that has led to a remarkable change in public attitudes toward smoking. People
take action, as black activists did against the alcoholic beverage industry when it began
aggressively marketing high-powered malt liquors to young black males.** This approach
may lead to confrontations with very powerful economic interests, and it will not always
be successful. However, when whole communities become involved, it has the potential of
being the most effective way to bring about major changes in health and behavior.

Conclusion

Because health is so strongly affected by behavior, it is important for public health advocates
to understand what influences people to behave in healthy or unhealthy ways. The social
and behavioral sciences offer insights into why people behave as they do, and they provide
a basis for developing interventions aimed at persuading people to change their behavior.

There is evidence that factors such as race, gender, marital status, and especially SES
influence health, and the reasons for these differences are likely to be social. Life expectancy,
infant mortality, and mortality rates from a variety of diseases vary profoundly among
different racial and ethnic groups. Stress, which may be brought on by social factors, has
an adverse effect on health for a number of reasons. Social support has been found to
have a positive effect on health, probably in part by providing a buffer against stress. The
health of black Americans tends to be poorer than that of the white majority. Health data
on the population is usually analyzed by race and ethnicity, and public health efforts focus
on understanding the disparities and trying to eliminate them.

Theories of health behavior include the health belief model and the theory of self-
efficacy. Both theories focus on the individuals’attitudes and beliefs as determinants of their
behavior. The transtheoretical model of stages of change can be used in health education
programs to promote behavior change. A broader perspective is provided by the ecological
model of health behavior. This model considers all the levels of influence that may affect
the individual’s attitudes and beliefs, including interpersonal relationships such as family
and friends, institutional influence such as school and work, the larger community and
its values and beliefs, and public policy including laws and regulations.

The most effective public health intervention programs influence people’s beliefs at
several levels with the goal of creating a social environment favorable to healthy behavior.
The San Francisco AIDS prevention program is an example of an effective program that
succeeded in significantly reducing the transmission of HIV early in the epidemic. Evidence
shows, however, that in order to maintain the success of such a program, intensive public
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health efforts must be maintained, both to prevent relapses into unhealthy behavior and
to educate new generations of at-risk people.

Increasingly, public health advocates realize that the most effective ways of

improving health-related behavior of individuals is to focus on involving whole
communities in improving the social and physical environment to be more conducive
to healthy behavior.
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Chapter 15

Public Health Enemy Number
One: Tobacco

KEY TERMS
Asthma Passive smoking
Carcinogenicity Second-hand smoke

Cigarette smoking—the leading actual cause of death in the United States—is clearly
the nation’s most significant public health issue. The problem of tobacco-caused disease
embodies the complex interactions by which psychological, social, cultural, economic,
and political factors influence individual behavior to cause over 480,000 deaths each
year. (Table 15-1) lists the major diseases known to be caused by smoking and estimates
the annual number of deaths from each disease. In fact,a more recent analysis concluded
that smoking increases the risk of dying from several additional diseases, meaning that
the total annual number of deaths attributable to smoking amounts to approximately
540,000."

The struggle to understand and deal with tobacco-caused illness involves all areas
of public health. Epidemiology provided the first solid evidence that smoking caused
cancer and heart disease and has continued to yield information on the health effects
of this very human habit. Biomedical studies were slow to provide evidence because
laboratory animals could not be persuaded or forced to smoke cigarettes, but eventually
they yielded valuable information on the role of tobacco in the causation of cancer and
heart disease. In recent years, smoking has increasingly been seen as an environmental
health threat, producing indoor air pollution that has been shown to cause adverse health
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Table 15-1 Major Diseases Caused by Smoking and Estimated Annual
Number of Deaths, 2005-2009

Disease Number of Deaths
Lung cancer 135,033
Other cancers 36,000
Coronary heart disease 133,251
Other heart disease 25,500
Cerebrovascular disease 15,300
Other vascular disease 11,500
Diabetes mellitus 9000
Pneumonia, influenza, tuberculosis 12,500
Chronic obstructive pulmonary disease 100,600
Prenatal conditions 613
Sudden infant death syndrome 400
Residential fires 620
Total attributed deaths 480,317

Data from U.S. Centers for Disease Control and Prevention, “Smoking and Tobacco Use: Death from Specific
Diseases,” http://www.cdc.gov/tobacco/data_statistics/fact_sheets/health_effects/tobacco_related_mortality/,
accessed August 28, 2015.

effects in nonsmokers. Ultimately, however, smoking is a behavior, and it is the social and
behavioral sciences that must provide insights into why people smoke and how they can
be persuaded to quit.

Public health faces a fundamental dilemma in confronting the current epidemic of
tobacco-caused disease: What should be the role of a democratic government in con-
fronting a behavior that is practiced by nearly one out of five adults and will kill up to
half of them? Political and economic forces that favored tobacco have opposed strong
government measures against cigarettes. Public health efforts involving education and
health promotion campaigns have persuaded many people to stop smoking but seem
to have reached the limit of their effectiveness in bringing smoking prevalence down to
about 18 percent among adults.’

However, the 1990s saw a major shift in federal and state governments’ attitudes
toward smoking. Recognition that the nicotine in tobacco is addictive, together with
evidence that cigarette companies have purposely manipulated nicotine levels in
cigarettes to keep people hooked, has forced politicians to look with suspicion on
what was previously considered a freely chosen behavior. Moreover, evidence of the
high economic costs paid by government-financed programs, including Medicare and
Medicaid, for the treatment of tobacco-caused disease has forced governments to
question their previous assumptions about the economic advantages of supporting
the tobacco industry.
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Historical Trends in Smoking and Health

Biomedical Basis of Smoking’s Harmful Effects

The basic fact underlying the popular success of cigarettes is that they deliver nicotine,
an addictive drug. Nicotine is absorbed by the linings of the mouth and the respira-
tory tract and travels rapidly to the heart and then to the brain. The drug produces a
sense of enhanced energy and alertness, while also having a calming effect on addicted
smokers. When people try to quit smoking, they experience withdrawal reactions with
unpleasant physical and psychological symptoms. In 2010, 52.4 percent of smokers
reported that during the past year they had tried to quit; only about 12 percent of
them succeeded.’

In addition to nicotine, an important component of tobacco smoke is tar, the
residue from burning tobacco that condenses in the lungs of smokers. Tars provide the
flavor in cigarette smoke; they are also a major source of its carcinogenicity. As early as
the 1930s, experiments were done in which these tars were painted on the ear linings
of rabbits or the shaved backs of mice and found to cause tumors. Decades of studies
by biomedical researchers—and clandestinely by tobacco companies, which did not
wish to publicize their results—have confirmed the carcinogenicity of the tars as well
as other ingredients of the smoke, including arsenic and benzene. When filters were
added to cigarettes with the ostensible purpose of removing tars and other harmful
ingredients, it turned out that they tended also to remove the taste and “satisfac-
tion” from smoking. Thus filter cigarettes, to be acceptable to smokers, had to deliver
significant levels of tar and nicotine, meaning that there were limits to how “safe” a
cigarette could be.

Tars not only cause cancer but also contribute to other lung diseases through their
tendency to damage cilia, the tiny hairs on the linings of the respiratory tract that sweep
the lungs and bronchi clear of microbes, irritants, and toxic substances. Damage to cilia
and irritation of respiratory tract linings by components of smoke increase susceptibil-
ity to infectious diseases like bronchitis, influenza, and pneumonia as well as to diseases
brought on by chronic irritation such as emphysema and asthma.

In contrast to the long-term processes leading to cancer and emphysema, the effect
of smoking on the cardiovascular system can be very rapid. The nicotine in cigarette
smoke raises blood pressure and heart rate. It may also cause spasms in the blood vessels
of the heart, especially if damage already exists, increasing the risk of sudden cardiac
death. Carbon monoxide in cigarette smoke interferes with the oxygen-carrying capac-
ity of red blood cells, leading to oxygen shortages in the hearts of patients suffering
from coronary artery disease. Smoking increases the risk of stroke and heart attacks
by altering the clotting properties of blood. Components of cigarette smoke also have
been shown to raise total blood cholesterol levels and reduce levels of HDL, the “good”
cholesterol.

Historical Trends in Smoking and Health

Although it has been smoked and chewed for hundreds of years, tobacco was not used
intensively enough to cause widespread illness until the 20th century. Before then, almost
all tobacco was smoked in pipes and cigars or used as chewing tobacco and snuft. Cigarette
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rolling machines and safety matches were invented in the 1880s, but cigarette smoking
began to increase dramatically only after 1913, when Camel, followed by other brands,
began mass marketing campaigns.’ The distribution of free cigarettes to soldiers during
the two world wars further stimulated smoking among men. Smoking among women
was frowned on early in the century, but women began to take up the habit during and
after World War II, and by 1960 about 34 percent of American women smoked.* While
estimates of the percentage of men and women who smoked during the early part of
the century are imprecise [they were done before the Centers for Disease Control and
Prevention (CDC) began systematic surveys of the population in 1965], a general idea
of the trends in much of the century can be seen in (FIGURE 15-1). The percentage of
Americans who smoke has continued to decline since 1980. A better sense of the extent
of smoking in this country, and the circumstances influencing it comes from U.S. Depart-
ment of Agriculture data on total manufactured cigarette consumption, as shown in
(FIGURE 15-2).

The first disease clearly linked to smoking was lung cancer, which is caused pre-
dominately by smoking and is relatively rare in nonsmokers. Lung cancer was virtually
nonexistent in the United States and Britain in 1900. In the 1930s, the increase in deaths
from lung cancer began to attract attention, and a link to cigarette smoking began to be
suspected. This link was confirmed in the epidemiologic studies published in the 1950s.
Cigarette consumption dropped as a result of these reports (as shown in Figure 15-2)
but began to climb again when tobacco companies promoted filter cigarettes as a safer
alternative.

In 1964, the U.S. Surgeon General released a report, Smoking and Health,a summary
of the evidence to date, the result of an exhaustive deliberation by a panel of ten renowned
scientists.” The panel unanimously agreed and wrote that cigarette smoking caused lung
cancer and chronic bronchitis and was strongly associated with cancer of the mouth and
larynx. It also reported that smoking increased the risk of heart disease. The Surgeon
General’s report was very influential, convincing many smokers to quit and providing
ammunition for advocates wishing to impose controls on the tobacco industry.

Women were hardly mentioned in the 1964 Surgeon General’s report. Lung cancer
was rare in women, and all the studies had been done on men. However, women soon
began to catch up. In 1980, the Surgeon General issued another report that focused
entirely on women. Health Consequences of Smoking for Women addressed “the fal-
lacy of women’s immunity.”® The report points out that the first signs of an epidemic
of smoking-related diseases among women were just beginning to appear, because
women had only begun smoking intensively 25 years after men had. Indeed, lung
cancer was about to surpass breast cancer and become the leading cause of cancer
death in women, as it is today.” The report noted that, in addition to suffering the
same ill health effects as men, female smokers are at increased risk for complications
of pregnancy and that infants of female smokers are more likely to be premature or
lagging in physical growth.

Historically, the prevalence of smoking among black men was higher than that for
white men; accordingly, lung cancer mortality rates have been higher among black men.
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*Adapted from Howe 1984: Milwaukee Journal, Consumer analysis of the Greater Milwaukee
market, 1924—1979. Before 1941, the wording of questions eliciting information on cigarette
use and type of respondent are not recorded. In 1941-1954, men were asked, “Do you
smoke cigarettes?” In 1955—-1959, respondents were asked, “Do any men [women] in your
household smoke cigarettes with [without] a filter tip?” In 1960—1965 and 1967, women and
men were asked, “Have you bought, for your own use, cigarettes with [without] a filter tip in
the past 30 days?” In 1966 and 1968—-1979, women and men were asked, “Have you
bought, for your own use, cigarettes with [without] a filter tip in the past 7 days?” Data since
1955 are based on the sum of the percentage of smokers who bought filter-tipped cigarettes
and the percentage who bought nonfilter-tipped cigarettes in the past 30 days. Results
overestimate smoking prevalence because respondents could answer “yes” to both
questions. Data for women in 1976—1979 include only the percentage buying filter-tipped
cigarettes; the question on the use of nonfilter-tipped cigarettes was dropped because of low
response.

TAbsence of data points from national surveys from 19351965 means these lines should
not be interpreted as trends. The 1935 data are from the 1935 Fortune Survey Il (Fortune
Magazine, 1935), the 1955 data are from the 1955 Current Population Survey (Haenszel

et al., 1956), and the 1965—-1979 data are from the National Health Interview Survey
(Giovino et al., 1994).

FIGURE 15-1 Prevalence (%) of Current Smoking Among Adults Aged 18 Years or Older in the
Greater Milwaukee Area and in the General U.S. Population, by Gender 1935-1979

Reproduced from U.S. Centers for Disease Control and Prevention (2001). “Women and Smoking: A Report of the Surgeon General, 2001, Figure 2.1. http://www.nchi
_nlm.nih.gov/books/NBK44311/#A6558, accessed September 20, 2015.

Rates of smoking among blacks have declined and are now slightly lower than those
among whites. American Indians and Alaskan Natives smoke at much higher rates than
other ethnic groups, averaging 19.1 percent overall. Very large differences in smoking
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FIGURE 15-2 Annual Adult per Capita Cigarette Consumption, United States, 1900-2012

Reproduced from U.S. Centers for Disease Control and Prevention, The Health Consequences of Smoking—50 Years of Progress: A Report of the Surgeon General, Figure 2.1, 2014. http://www.surgeongeneral.gov/library
/reports/50-years-of-progress/full-report.pdf, accessed September 20, 2015.
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rates are seen among groups of different socioeconomic status, and there is a particularly
strong association with lack of education. Prevalence of smoking is only about 7.7 percent
among male and female college graduates, while 25.8 percent of those without high school
diploma are smokers.?

Regulatory Restrictions on Smoking—New
Focus on Environmental Tobacco Smoke

Public health efforts at discouraging smoking have had to contend with the enormous
economic and political power of the tobacco industry. Congress, which until recently
provided subsidies to tobacco growers, has been very reluctant to pass legislation opposed
by the industry. However, the 1964 Surgeon General’s report carried great credibility,
and its publication led to a number of government actions aimed at restricting ciga-
rette marketing. These included Federal Trade Commission requirements that cigarette
packages contain warning labels and a Federal Communications Commission mandate
in 1968 that radio and television advertisements for cigarettes be balanced by public
service announcements about their harmful effects. The latter requirement, called the
Fairness Doctrine, was so effective in countering the tobacco companies’ ads, as seen
in the drop in cigarette consumption shown in Figure 15-2, that in 1971 the industry
submitted to a total ban on cigarette advertising on radio and television. In return, the
public service announcements ceased. The tobacco companies shifted their advertising
efforts to magazines, newspapers, billboards, product giveaways, and sponsorship of
sporting and cultural events.*

Over the past four decades, new awareness of the harm caused by “second-hand smoke”
has led to some of the most effective actions against smoking. Studies began to show that
exposure to environmental tobacco smoke caused some of the same health problems as
active smoking. For example, the nonsmoking spouses of smokers have an increased risk of
lung cancer and heart disease, and children of parents who smoke are more likely to suffer
from asthma, respiratory infections,and sudden infant death syndrome. In 1992, the Envi-
ronmental Protection Agency issued a report that declared environmental tobacco smoke
to be a carcinogen, causing 3000 lung cancer deaths a year.” Evidence of the harm caused
by passive smoking inspired the non-smokers rights movement, which largely bypassed the
Congress and focused political pressure on state and local governments.

In 1974, Connecticut was the first state to enact restrictions on smoking in restaurants.
Minnesota passed a comprehensive statewide clean indoor air law in 1975.1In 1983, San
Francisco passed a restrictive law against smoking in the workplace, including private
workplaces. The clean indoor air movement blossomed. At the state level,laws were passed
that restricted smoking on public transit and in elevators, cultural and recreational facili-
ties, schools, and libraries. Over the objections of the tobacco industry, a ban on smoking
on all domestic airline flights was passed by Congress in 1989.* Restrictions on indoor
smoking became more widespread in the 1990s. By January 1,2015,28 states and the Dis-
trict of Columbia had banned or severely restricted smoking in all public places, including
work sites, restaurants, and most bars. All other states had enacted some limitations on
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indoor smoking, although Wyoming was the least restrictive, with restrictions applied
only to government offices, not schools. Many counties and municipalities have passed
legislation to promote clean indoor air.'

The effectiveness of the nonsmokers’ rights movement stems from its success in
transforming smoking into a socially unacceptable activity. Bans in so many public places
force smokers to refrain for extended periods and to segregate themselves when they wish
to smoke, often by going outdoors. By making smoking inconvenient, bans encourage
people to quit. As Figure 15-2 shows, cigarette consumption has declined steadily since
the nonsmokers rights movement began.

Advertising—Emphasis on Youth

While smoking rates among adults have fallen, public health advocates are especially
concerned about smoking among youth. Teenagers tend to be less worried about their
health in the distant future than they are with their image and social status among their
peers. Tobacco companies exploit those concerns in their attempts to win over young
people to smoking.

In order to maintain a constant number of customers over time, the tobacco industry
must persuade 2 million people to take up the habit each year to balance the number of
smokers who die or quit."" Cigarette advertising and promotional expenditures amount-
ed to $9.2 billion in 2012."* Because the teen years are the critical period for smoking
initiation—90 percent of adult smokers started when they were teenagers, and the aver-
age age at which they took up the habit is 14.5—tobacco companies have targeted their
advertising toward children and young people.* For example, Joe Camel ads were strongly
appealing to children. A 1991 study found that 91 percent of 6-year-olds recognized the
cartoon character, the same percentage that recognized the Mickey Mouse logo of the
Disney channel. Some 98 percent of high school students recognized Joe Camel, com-
pared with only 72 percent of adults."”” Between 1988, when the Joe Camel ad campaign
was introduced, and 1990, it is estimated that Camel cigarette sales to minors went from
$6 million to $476 million.* In response to an outburst of negative publicity and public
anger at the tobacco companies, Joe Camel was retired in 1997.

Tobacco companies also targeted youth with promotional items, such as T-shirts, caps,
and sporting goods bearing a brand’s logo. They managed to evade the ban on broadcast
advertising by sponsoring sporting events, at which brand names were displayed in the
background, ensuring that they would be visible on television throughout the event.

As part of the 1998 Master Settlement Agreement (MSA), discussed later in this
chapter, major tobacco companies agreed to stop advertisements targeted at children,
including some promotional activities. Although the most blatant appeals to youth are
gone, the companies began running ads that, while ostensibly antitobacco public service
ads, were actually more sophisticated messages designed to encourage youth smoking."
The messages were that smoking is for adults only, and that parents should talk to their
children about not smoking. Analyses of their impact on teens have shown that these ads
were ineffective in discouraging young people from smoking and may have increased
their intention to smoke. This may have been the intention when the ads were designed.



Taxes as a Public Health Measure

Nevertheless,a combination of public health efforts, including the MSA, have contributed to
adecline in the number of teens who smoke. The CDC’s biannual survey of high school stu-
dents found in 2013 that 15.7 percent had smoked in the previous month, down from 36.4
percent in 1997, the year when the highest number of students reported having smoked.*

All states have laws prohibiting the sale of tobacco to minors, but enforcement of the
laws varies. The CDC’s 2013 survey found that 18 percent of the student smokers bought
cigarettes from a store or gas station. There is evidence that increasingly, youths are buying
cigarettes via the Internet, making age laws difficult to enforce. A 2007 Institute of Medicine
committee has recommended that Congress pass legislation to prohibit all online tobacco
sales and shipment of tobacco products directly to consumers.

As advertising to children and teens has become increasingly restricted, tobacco
companies have focused their efforts on young adults, who are still receptive to social pres-
sures, may smoke occasionally, and may be vulnerable to advertising. The companies use
promotional activities in bars and nightclubs, such as distributing free cigarette samples
or brand-labeled articles of clothing, with the goal of turning occasional smokers into
addicts. Social events at college campuses are other occasions where companies can gain
access to young adults. A study in 2000-2001 of 119 colleges found that events at which
free cigarettes were distributed occurred at all but one of them. Many of the events took
place at bars and nightclubs, but fraternities and sororities were also popular sites for the
events.'” Indoor smoking bans, which have become more widespread in recent decades,
have blocked the effectiveness of this kind of marketing. Portrayal of smoking in movies
and on television has been shown to exert a powerful influence in inspiring adolescents
to smoke, and the Institute of Medicine has recommended that the movie rating system
take this into consideration when G, PG, PG-13, or R ratings are assigned.'¢ However, the
recommendation has had little effect.®

The tobacco industry has targeted advertising at women and minorities, groups identi-
fied as promising sources of new smokers. Young women have been attracted by suggestions
that smoking will help them lose weight, beginning with the Lucky Strike ads of the 1920s
that advised, “Reach for a Lucky instead of a sweet” More recently, Virginia Slims ads have
taken a similar approach. Shortly after the Virginia Slims advertising campaign began in
the 1960s, the proportion of 14- to 17-year-old girls who started smoking nearly doubled.*
African Americans historically had higher rates of smoking—and of lung cancer—than
whites, though the difference has shrunk over the past decade.® Tobacco companies try to
win over black leaders by donating to black causes, such as the National Association for the
Advancement of Colored People and the United Negro College Fund, and by sponsoring
black cultural events such as jazz festivals. They advertise heavily in African American
publications and, before the MSA, blanketed neighborhoods with billboards.

Taxes as a Public Health Measure

Antismoking activists, supported by economics research, have concluded that one of the
most effective measures to discourage young people from smoking is to raise the tax on
cigarettes. One reason is that a pack of cigarettes represents a more significant proportion
of a teenager’s disposable income than it does for adults, and the higher price is likely to
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have more impact on someone who is not yet addicted. Low income and minority smok-
ers are also sensitive to price."”

Recent research on teenage smoking suggests that teenagers are indeed sensitive to
price. For example, after Philip Morris cut the price of Marlboro cigarettes, a brand favored
by young people, by 40 percent in April 1993, the proportion of teenagers in 8th, 10th,
and 12th grades who smoked rose from 23.5 percent to 28 percent in 1996. Other stud-
ies have shown that a 10 percent increase in price reduces the number of teenagers who
smoke by approximately 7 percent to 12 percent.” “Raising tobacco taxes is our number
one strategy to damage the tobacco industry,” an American Cancer Society executive was
quoted as saying. “The industry has found ways around everything else we have done, but
they can’t repeal the laws of economics.”¢2%

Raising taxes on cigarettes is effective in reducing smoking among adults as well.
In 1989, California increased cigarette taxes from 10 cents to 35 cents per pack. The law
specified that 20 percent of the proceeds were to be designated for programs designed to
prevent and reduce tobacco use, especially among children. Surveys conducted before
and after implementation of the tax increase found that the prevalence of cigarette smok-
ing among adults in California was reduced from 22.7 percent in 1988 to 20.0 percent
in 1992 to 16.9 percent in 1995 to 13.3 percent in 2008.2" It is difficult to determine the
share of the decline that can be attributed to the price increase as compared with other
antismoking measures, including indoor smoking bans and the antismoking campaign
funded by the tax.

In recent years, state and local governments have found that raising taxes on ciga-
rettes is a painless way of closing budget shortfalls, and many states have followed this
policy.? In 2015, for example, New York had the highest rate, with a tax of $4.35 per
pack. By contrast, tobacco-producing states have low cigarette taxes: Virginia’s rate was
30 cents per pack, and Missouri’s rate, the lowest, was 17 cents.!® California, a leader in
raising cigarette taxes for public health goals, had fallen to a rank of 32nd among states,
with a tax of 87 cents per pack. In June 2012, California voters rejected a proposed $1 a
pack increase, the proceeds of which would have been used to finance cancer research.
The tobacco industry spent nearly $50 million to defeat the measure.” The federal tax on
cigarettes, last raised in 2009, is $1.01.per pack.”

California’s Tobacco Control Program

Despite California’s failure in recent years to maintain its leadership in tobacco control
efforts, its voter-initiated program begun in 1989 with a 25-cent tax increase on cigarettes,
has proved successful in maintaining low smoking rates statewide. The initiative mandated
mass media antitobacco advertising as well as school and community education and
intervention activities. It also mandated that the effectiveness of the program be evaluated
after a decade. Thus, the California experience has provided evidence on what methods
are effective in reducing smoking.

The tax increase itself contributed to the success of the program, as discussed in the
previous section. Immediately after the increase was implemented, cigarette consump-
tion declined significantly in California compared with the rest of the nation. In 1994, the
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California legislature passed a law prohibiting smoking statewide in all workplaces except
bars, taverns, and casinos. The law has since been strengthened to include these workplaces
as well. Overall, per capita cigarette consumption in California fell dramatically from 110
packs per capita annually in 1988/89 to 30 packs per capita in 2013/14.% This reduction
was achieved by a combination of a reduction in the number of smokers and reduction
of the number of cigarettes each smoker consumed per day.

In California, according to the CDC’s Behavioral Risk Factor Survey, the prevalence
of smoking was 13.7 percent in 2011, compared to 21.2 percent in the nation as a whole.”
California’s antitobacco campaign suffered budget cuts after the first few years, and tobacco
companies stepped up their political efforts to oppose the state’s control measures, as well
as their advertising and promotion of cigarettes; but the permanent changes in policy, as
well as additional tax increases, have helped California to maintain its lead over all other
states except Utah in keeping smoking levels relatively low.”

California’s campaign included an aggressive advertising component, which con-
tributed significantly to the campaign’s overall success. Studies of the effectiveness of
antismoking messages have shown that some messages are much more effective than
others. In fact, some programs sponsored by the tobacco industry, which are presented
as smoking prevention efforts, have been shown to make smoking more attractive to
youths. Examination of industry documents, discussed in the next section, has found
that the industry has purposely used these “forbidden fruit” messages to generate good
public relations and fight restrictive legislation without actually discouraging youth
smoking.*®

The evaluation component of California’s media campaign identified which antismok-
ing messages were most effective in reaching youth. Researchers found that the message
most effective in reaching both youths and adults is that “Tobacco industry executives use
deceitful, manipulative, dishonest practices to hook new users, sell more cigarettes and
make more money.”’*”’% One such successful ad, called “Nicotine Soundbites,” showed
the actual footage of tobacco executives testifying before Congress in 1994, raising their
right hands and swearing that nicotine is not addictive. Ads with this message made both
adults and teenagers angry, because no one likes to learn that they are being manipulated.

Another message that was found to be effective among both adults and teens was
that second-hand smoke harms others. One ad portrayed a boy smoking, sitting with
his little sister watching television. The little girl begins coughing and smoke comes out
of her mouth. In the early 1990s, California also ran ads that encouraged quitting and
provided information on smoking cessation programs, including toll-free quit lines; calls
to the quit lines dramatically increased. Ads with some other messages, including those
that focused on health effects, were found to be ineffective.”

Researchers concluded that, to be effective, antitobacco advertisements need to be
‘ ambitious, hard-hitting, explicit, and in-your-face”*®77® The industry recognized the
effectiveness of the ads and worked hard to limit them. R.J. Reynolds threatened to sue the
California Department of Health and the television stations that ran the Nicotine Sound-
bites ad; the lawsuit was not filed, but the ad was later dropped. During the state campaign,
the tobacco industry tried to counter the antitobacco efforts by increasing spending in
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California on advertising, incentives to merchants, and promotional items. One study
calculated that after 1993, the industry spent nearly $10 for every $1 spent by the state.?

The Master Settlement Agreement (MSA)

The 1990s saw dramatic developments in the battle against smoking, and suddenly it
seemed possible that effective tobacco control measures would be enacted at the federal
level. The changes resulted from several separate political and legal events, as well as public
revelations that have discredited the tobacco industry.

In February 1994, David Kessler, then Commissioner of the Food and Drug Admin-
istration (FDA), launched an offensive against the tobacco industry by asserting that
his agency had the authority to regulate tobacco. Kessler, who was appointed by the first
President Bush but now had the support of an antismoking president, Bill Clinton, based
his claim on thoroughly documented evidence that nicotine is an addictive drug and
cigarettes are drug delivery systems. He proposed a series of measures aimed to protect
children and teenagers against tobacco company efforts to get them hooked.

Coincidentally, in March 1994, a class-action lawsuit was filed against American
tobacco companies in federal district court in Louisiana on behalf of “all nicotine-
dependent persons in the U.S.” and their families and heirs, seeking compensatory and
punitive damages, attorneys fees, an admission of wrongdoing, and other remedies.
Although this suit was dismissed, it was followed by other major lawsuits, including
one in May 1994 by Michael Moore, the attorney general of Mississippi, who sought to
recover the medical costs that the state had incurred treating smoking-related illnesses.
Attorneys general from most of the other states followed suit over the next three years.?’

Also in 1994, an anonymous informant from the Brown & Williamson tobacco com-
pany, who called himself “Mr. Butts” after the Doonesbury comic strip character, sent a
box of top-secret tobacco industry internal documents to Stanton Glantz, a professor of
medicine at the University of California at San Francisco and a well-known critic of the
tobacco industry. The papers provided a wealth of information on discrepancies between
what the industry knew about the ill effects of tobacco and what they were telling the pub-
lic. For example, a lawyer for Brown & Williamson had written in a 1963 internal memo,
“Nicotine is addictive. We are, then, in the business of selling nicotine, an addictive drug
effective in the release of stress mechanisms”*?*® Glantz, with the support of University
of California lawyers and librarians, published the papers on the Internet.

The tobacco companies, of course, challenged the FDA’s authority to regulate tobacco,
and they also vigorously defended against the lawsuits by attorneys general and injured
smokers. However, the documents released by Glantz, together with other internal industry
documents that were leaked, seriously undermined the industry’s ability to defend itself
in court. In April 1997, a North Carolina court affirmed the FDA’s authority over tobacco
as a drug, although it struck down some of the advertising restrictions proposed by the
agency. However, in August 1998, an appeals court ruled the other way, stating that only
Congress has authority to regulate the tobacco industry. The Supreme Court agreed to
take up the issue, and in 2000 it supported the appeals court decision that the FDA did
not have the authority to regulate tobacco.”



The Master Settlement Agreement (MSA)

In early 1997, when the tobacco industry was on the defensive, it began negotiations
with the attorneys general, hoping to reach a settlement that would protect them against
unlimited lawsuits and possible financial ruin. A historic settlement was announced in
June, in which the companies agreed to pay $368.5 billion over a 25-year period to com-
pensate states for treating smoking-related illnesses and to set up a fund to pay damage
claims for ill smokers, as well as for other purposes including financing of nationwide
antismoking programs. The industry also agreed to a number of restrictions on advertis-
ing and promotion and to allow the FDA to regulate the nicotine in cigarettes. However,
the settlement required Congressional approval, which did not materialize. In 1998, the
tobacco industry reached a more limited settlement with the attorneys general, agreeing
to pay 46 states $206 billion over 25 years and accepting some restrictions on advertising,
including a ban on billboard ads. The settlement also provided $1.7 billion over a 5-year
period to create the American Legacy Foundation, which used the funds for public educa-
tion and other tobacco control activities.*

The MSA has been something of a disappointment for public health advocates. It
was hoped that the states would use some of the settlement dollars for tobacco control
programs. Smoking cessation programs that include counseling and nicotine-replacement
therapy, such as nicotine gum or patches, can double or even triple a smoker’s chance of
quitting.* Telephone quit lines, sponsored by some states and sometimes by voluntary
organizations, can be effective at motivating people to quit. However, most states have used
little of the MSA funds for such programs, using the windfall to close state budget gaps.
On the other hand, tobacco companies have had to increase the price of cigarettes by 45
cents a pack to pay for the settlement. As discussed previously, higher prices discourage
people from smoking, especially young people.

The American Legacy Foundation has used its part of the settlement to run aggressive
ad campaigns against smoking targeted at youth, called the “truth” campaign. Drawing on
findings from evaluations of the California and other tobacco control programs, the ads
convey the message that tobacco companies manipulate the truth, deny adverse health
effects and the addictive nature of tobacco, and try to make smoking appear attractive.
The “truth” ads featured statements such as: “In 1984, one tobacco company referred to
new customers as ‘replacement smokers™ and “In 1990 tobacco companies put together
a plan to stop coroners from listing tobacco as a cause of death on a death certificate”
Another ad features a young man trying to ship a box of cigarettes at the post office,
saying, “I'd like to ship this arsenic and cyanide spreading mechanism,” insisting that it’s
perfectly legal and being met with skepticism by the clerk.”® The “truth” ads were placed
in youth-oriented magazines and television programs. Two national youth surveys, used
to evaluate the effect of the “truth” campaign, found that young people who had seen the
ads were significantly more likely than those who had not seen them to hold negative
attitudes toward tobacco.** The “truth” campaign, together with the increased tobacco
prices, has contributed to reducing youth smoking to a 25-year low of 23 percent of 12th
graders in 2003 and 16 percent in 2013.® Smoking rates among young blacks are lower
than those among white youths.

The American Legacy Foundation’s funding from the MSA expired in 2003. However,
the foundation has succeeded in finding funds to continue the truth campaign and to
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launch the “EX” campaign, designed to help smokers quit by “re-learning to live their lives
without cigarettes”* It also collaborates with the University of California at San Francisco
in maintaining an on-line library of previously secret tobacco industry documents, which
can be searched through a user-friendly interface. Ads for the truth campaign can be
seen on the Foundation’s website at www.thetruth.com. The digital library is found on
the University of California’s wesite.*

FDA Regulation

The original agreement negotiated by the state attorneys general and the tobacco compa-
nies contained a provision allowing the FDA to regulate tobacco. Because that agreement
was not approved by Congress, the MSA did not contain such a provision. There are
many advantages to giving regulatory authority over tobacco to the FDA. Until 2009,
there were no legal restrictions concerning ingredients in tobacco smoke or on label-
ing or advertising concerning health claims by the companies. There is evidence, for
example, that companies manipulated nicotine levels in tobacco to promote addiction,
and they added ammonia to increase the effect of the nicotine. Tobacco smoke contains
toxic chemicals such as nitrosamines and arsenic in addition to the tars known to be
carcinogenic. It also contains radioactive polonium, which is not widely recognized.*”
In fact, the American Legacy Foundation has focused on some of these toxic ingredients
in their antismoking ads.

Finally in 2009, after previous attempts had failed, Congress passed and President
Obama signed the Family Smoking Prevention and Tobacco Control Act.’® The law
gives the FDA authority to regulate tobacco products and to restrict advertising and
promotion. It requires larger and more graphic warning labels on cigarette packages,
and it forbids tobacco companies from sponsoring sporting events. The law requires the
disclosure of ingredients of cigarettes, as is done with food. It gives the FDA authority
to require the removal of harmful ingredients, and to regulate health-related claims
made by the companies, insisting that such claims be proven. The truth-in-advertising
provision makes it possible for cigarettes to be made safer, so that smokers who can-
not or will not quit would suffer less harm. Unless the government has the authority to
verify claims, tobacco companies could continue to label their products “light” or “safer”
without needing to actually reduce the hazards of smoking. One proposed advantage of
giving the FDA regulatory authority would be to allow the agency to gradually reduce
the amount of nicotine allowed in cigarettes to make them less addictive and to taper
smokers off the addictive drug.*®

The new law bans candy-flavored cigarettes, designed to appeal to young people.
However, menthol was not included in the banned flavorings. Menthol masks the harsh-
ness of inhaled smoke and appears to ease the initiation of smoking among youths. It is
also popular among black smokers, three-quarters of whom smoke menthol cigarettes,
while only 25 percent of white smokers choose the menthol flavoring.?

“The key to public health action on the tobacco front seems to lie in combining
strategies to discourage children from smoking and in producing a safer and less addic-

>

tive cigarette for those who cannot, or will not, resist the temptation to smoke,” wrote
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the ethicist George Annas in January 1997,*®% when the possibility of a negotiated
settlement was first being considered. Whether Congress or the courts or both will
finally make possible the demotion of tobacco as public health enemy number one
remains to be seen.

Electronic Cigarettes

Electronic cigarettes are a recent addition to the repertoire of nicotine delivery systems.
A CDC study found that between 2010 and 2013, awareness grew to 80 percent and
use of e-cigarettes more than doubled among U.S. adults.* Although conventional ciga-
rette advertising is banned from television, electronic cigarettes are heavily marketed on
television. The FDA does not currently have the authority to regulate them, although
it has received numerous reports of adverse health effects and has proposed a rule that
would extend the agency’s authority to e-cigarettes.*’ Among the events reported have
been hospitalization for illnesses such as nausea and vomiting, disorientation, seizures,
and congestive heart failure. There is particular concern about the threat to small children,
because the nicotine-liquid they contain often comes in fruit and candy flavors, and the
containers are not required to be child-proof.*?

Electronic cigarettes have not been studied enough to know the extent of their poten-
tial risks. While there is evidence that they are safer than conventional cigarettes, there is
concern that they may lead young people to try other tobacco products and thus actas a
gateway to smoking.*>*

Conclusion

Cigarette smoking is the leading actual cause of death in the United States. The fact that
smoking causes lung cancer has been known since the 1950s, and the behavior has been
responsible for an epidemic of lung cancer, the leading cause of cancer death among both
men and women. Smoking also causes cardiovascular disease, chronic lung disease, low
birth weight in infants, and a number of other unhealthy conditions.

Since the Surgeon General’s Smoking and Health report was published in 1964, sum-
marizing the evidence about the harm caused by smoking, public health advocates have
been attacking the habit in as many ways as possible. Cigarette consumption in the United
States peaked in the early 1960s and has declined since then, demonstrating significant
success from the public health efforts. In the 1990s, however, there was a leveling off of
the percentage of adults who smoke. Currently about 18 percent of the adult population
smoke cigarettes, down from over 42 percent in 1965.

Public health has fought the tobacco industry on many fronts. In the 1960s, Congress
passed legislation that required that cigarette ads on radio and television be balanced by
counter-advertising about the harmful effects of smoking. This publicity, together with
warning labels on cigarette packages, helped to persuade many people to quit. Tobacco
companies have become increasingly sophisticated about marketing their products, espe-
cially to children, and public health has had to work hard to oppose them. Since nicotine
in tobacco is addictive, it has become clear that the most effective approach to reducing
smoking is to prevent young people from taking up the habit.
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Public health interventions that have demonstrated some success in preventing the
onset of smoking and in reducing its prevalence include the enactment and enforcement of
laws prohibiting the sale of tobacco to minors, restrictions on indoor smoking, and—most
effectively—increases in cigarette prices through imposition of taxes.

California was a leader among states in imposing a tax on cigarettes to be used for
tobacco control programs. Evaluation of its mass media advertising campaign has helped
antismoking activists to understand what messages are most effective in persuading youths
not to smoke. California was also a leader in legislation to ban smoking in public places.

In the mid- and late-1990s, legal and regulatory attacks on the tobacco industry were
launched by the Clinton administration and a number of states. The MSA between the
attorneys general of 46 states and the tobacco industry contained restrictions on tobacco
advertising aimed at young people and provided billions of dollars to the states to com-
pensate them for medical costs they incurred for treating smoking related illnesses. It also
provided funds to establish the American Legacy Foundation, which has run an effective
media campaign to discourage young people from smoking.

In 2009, Congress passed and President Obama signed a law authorizing the FDA
to regulate tobacco products. It is hoped that the agency will devise ways to rein in the
industry’s deceptive practices, wean smokers off their addiction to nicotine, and reduce
demand for cigarettes.

Electronic cigarettes are a recent addition to the repertoire of nicotine-delivery sys-
tems. They have not been studied enough yet to understand their potential risks. The FDA
does not currently regulate electronic cigarettes, but that situation may change.

The battle continues. It seems that progress is being made, but prospects for victory
in public health’s battle against the powerful tobacco industry are uncertain.
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Chapter 16

Public Health Enemy Number
Two and Growing: Poor Diet
and Physical Inactivity

KEY TERMS

Body-mass index (BMI) Obesity U.S. Department of Health and

National Health and Nutrition Overweight Human Services
Examination Survey Primary care Waist-to-hip ratio (WHR)
(NHANES)

Throughout evolutionary history, humans had to exert a great deal of physical activity to
obtain their food. Only over the past century has a substantial and increasing percentage
of the population had access to an excess of food with no need to exercise. The conse-
quence of this imbalance has been that Americans are becoming fatter, an exceedingly
unhealthy trend. Today, poor diet and physical inactivity have been ranked second among
the factors identified as leading actual causes of death in the United States, although the
analysis is controversial.

Many studies have shown that weighing too much increases people’s risk of cardio-
vascular disease, diabetes, most kinds of cancer, and a variety of other diseases. Thus,
it is in the interest of public health to reduce the prevalence of overweight and obesity,
which in 2009-2012 affected 68.7 percent of the adult population.!™®) Getting people
to lose weight, however, seems to be even more difficult than getting them to quit smok-
ing, although many of them want to be thinner. According to the 2005-2006 National
Health and Nutrition Examination Survey (NHANES), 57 percent of women and 37 percent of
men are trying to lose weight, most of them unsuccessfully.? An Institute of Medicine
report on the problem states, “It is paradoxical that obesity is increasing in the United
States while more people are dieting than ever before, spending, by one estimate, more
than $33 billion per year on weight-reduction products (including diet foods and soft
drinks, artificial sweeteners, and diet books) and services (e.g., fitness clubs and weight-
loss programs).”3®2"
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The association of obesity with certain health risks is easy to measure, but the relation-
ship may not be a simple one of cause and effect. Obesity is a complex condition, influenced
by genes as well as by many individual and social factors that include eating and exercise
patterns. While being overweight has a health impact in itself, a person’s disease risk may
also be affected independently by dietary patterns and the amount of physical activity,
whether or not he or she is overweight. Public health advocates, therefore, seek to promote
healthier eating patterns among Americans, to encourage them to exercise more, and to
reduce the percentage of people who are overweight.

Epidemiology of Obesity

Obesity is, to an extent, in the eyes of the beholder—often the beholder who is looking in
the mirror. In the public health perspective, obesity is usually defined more precisely in
terms of body-mass index (BMI). BMI is calculated by dividing a person’s weight in kilograms
by the square of his or her height in meters. (Table 16-1) presents BMIs in terms of inches
and pounds for a range that includes most Americans.

Most studies show that weight-associated health risks begin to appear at a BMI of
about 25, and rise more significantly above 30, with the risks increasing in proportion to
the severity of an individuals obesity. The National Institutes of Health and the Centers
for Disease Control and Prevention (CDC) have agreed on a definition of overweight as
a BMI between 25 and 29.9 and obesity as a BMI of 30 or greater.* Using this definition,
72.9 percent of men and 64.6 percent of women 20 years of age and older were found to be
overweight or obese in the National Health and Nutrition Examination Survey (NHANES)
conducted between 2009 and 2012.! The prevalence of obesity was 34.6 percent in men
and 35.9 percent in women. The prevalence of overweight and obesity has increased
dramatically over the past decades, as shown in (FIGURES 16-1) and (16-2).

There are significant racial differences in the prevalence of overweight among women:
81.8 percent of nonpregnant black women are overweight, compared with 60.9 percent of
white women. Among men the differences are smaller: 70.2 percent of black men compared
with 73.2 percent of white men are overweight.' The health effects of overweight and obe-
sity are less marked among blacks. The optimal BMI has been calculated to be 23 to 25 for
whites, while it is 23 to 30 for blacks.” The risks of excess weight are known to be higher for
Asian populations; so the BMI cutoffs recommended by the World Health Organization
are lower for them.® Due to insufficient data, it has not been possible to calculate ideal
weights in other ethnic groups, including Mexican Americans, in whom the prevalence
of overweight and obesity is 81.9 among men and 78.3 in women. Overweight increases
with age, as seen in Figures 16-1 and 16-2, but declines in the age group 75 years and older.

Socioeconomic status has a significant influence on the prevalence of obesity. College
graduates of both sexes are thinner than men and women with fewer years of education.
The difference is especially significant among females: Those with less than 12 years of
education are nearly twice as likely to be overweight than female college graduates. Among
men, the relationship of obesity with education is less clear.”

The greater prevalence of obesity in black women compared to white women doubtless
contributes to poorer health among blacks. Rates of cardiovascular disease and diabetes are
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Table 16-1 Body Mass Index Table

BMI 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Height

(inches) Body Weight (pounds)
58 91 96 100 105 110 115 119 124 129 134 138 143 148 153 158 162 167
59 94 99 104 109 114 119 124 128 133 138 143 148 153 158 163 168 173
60 97 102 107 112 118 123 128 133 138 143 148 153 158 163 168 174 179
61 100 106 111 116 122 127 132 137 143 148 153 158 164 169 174 180 185
62 104 109 115 120 126 131 136 142 147 153 158 164 169 175 180 186 191
63 107 113 118 124 130 135 141 146 152 158 163 169 175 180 186 191 197
64 110 116 122 128 134 140 145 151 157 163 169 174 180 186 192 197 204
65 114 120 126 132 138 144 150 156 162 168 174 180 186 192 198 204 210
66 118 124 130 136 142 148 155 161 167 173 179 186 192 198 204 210 216
67 121 127 134 140 146 153 159 166 172 178 185 191 198 204 211 217 223
68 125 131 138 144 151 158 164 171 177 184 190 197 203 210 216 223 230
69 128 135 142 149 155 162 169 176 182 189 196 203 209 216 223 230 236
70 132 139 146 153 160 167 174 181 188 195 202 209 216 222 229 236 243
71 136 143 150 157 165 172 179 186 193 200 208 215 222 229 236 243 250
72 140 147 154 162 169 177 184 191 199 206 213 221 228 235 242 250 258
73 144 151 159 166 174 182 189 197 204 212 219 227 235 242 250 257 265
74 148 155 163 171 179 186 194 202 210 218 225 233 241 249 256 264 272
75 152 160 168 176 184 192 200 208 216 224 232 240 248 256 264 272 279
76 156 164 172 180 189 197 205 213 221 230 238 246 254 263 271 279 287

Reproduced from National Heart, Lung, and Blood Institute, National Institutes of Health, “Body Mass Index Table.” http://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmi_tbl.htm,

accessed September 20, 2015.
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Epidemiology of Obesity

higher in blacks than in whites, and an unhealthy diet is likely to be part of the problem.
Many Hispanics and American Indians are also overweight, accounting for high rates of
diabetes among these groups.

While being fat is bad for people’s health, the distribution of fat on the body makes a
difference. Obesity researchers distinguish between apple-shaped people and pear-shaped
people, and they have found health risks to be greater for those shaped like apples. People
who gain weight in the abdominal area, as men usually do, have a higher risk of cardio-
vascular disease and diabetes than people who gain weight in the hips and buttocks—a
pattern more common in females. Fat distribution is measured as a waist-to-hip ratio (WHR),
with the waist measured at the smallest point and the hips at the widest point around the
buttocks. Health risks in men who have a WHR more than 1.0 and women whose WHR
is more than 0.8 are greater than the risks due to excess weight alone.?

In an alarming trend, overweight among children has been increasing steadily since
the 1960s. Definitions of overweight and obesity in children are complex calculations,
based on growth curves of BMI for age. The CDC identifies children as overweight if
they are at or above the 85th percentile on growth curves established before 1980 and as
obese if they are above the 95th percentile.*’ The prevalence of overweight and obesity
among children and adolescents 6 to 19 years old increased from under 5 percent in the
earliest surveys to more than 34 percent in the 2011-2012 NHANES. Overweight and
obesity is more prevalent in some ethnic groups: Black and Hispanic teenage boys and
girls are heavier than their white counterparts; Asian girls are especially unlikely to have
a high BMI.®

Children who are fat are likely to become fat adults and suffer the concomitant
risks of chronic disease. For example, a study that tracked 679 school children for 16
years found that weight during childhood was a good predictor of whether an adult
would exhibit risk factors for cardiovascular disease and diabetes.' Obese children
are for the first time being diagnosed with type 2 diabetes, which is sometimes called
“adult-onset diabetes” because until recently it was believed to occur almost exclusively
in adults." This is especially likely to occur in American Indian adolescents, who have
a high prevalence of obesity, but blacks and Hispanics are also affected. Complica-
tions of childhood obesity involve virtually every organ, including the cardiovascu-
lar system, the respiratory system, the kidneys, the gastrointestinal system, and the
musculoskeletal system.!? Evidence suggests that the harmful effects of excess weight
increase with longer duration of obesity, implying that obese children are especially
likely to suffer excess morbidity and mortality when they grow up.® One study found
that the obese adolescent girls are two or three times as likely to die by middle age as
girls of normal weight.'

Obesity in children also tends to cause psychological problems such as depression,
anxiety, social isolation, and low self-esteem. Children who are worried about their
weight may undertake diets that affect their physical as well as their psychological health,
and they are at increased risk for eating disorders such as anorexia and bulimia. Obese
children are less likely than thinner ones to complete college and are more likely to live
in poverty."2
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Diet and Nutrition

Obesity is caused by unhealthy eating patterns combined with inadequate physical activity,
each a factor that influences people’s health whether or not they weigh too much. The public
health aspects of physical activity will be discussed later in this chapter. This section and
the next explore the role of diet in the prevention of chronic diseases, including obesity,
and describe public health efforts to encourage people to eat a healthier diet.

Most analyses find that Americans eat too much protein and fat and too few fruits
and vegetables. This pattern contributes to high levels of cholesterol and other blood lipids
and to high blood pressure—risk factors for cardiovascular disease. The evidence is less
clear on how the American diet increases cancer risk, but epidemiologic studies show
that breast and colon cancer risks are greater in populations that eat diets high in meat
and low in fruits and vegetables. Diet is a major factor in type 2 diabetes, which is often
brought on by obesity and which can usually be controlled by careful eating. Osteoporosis,
a debilitating disease of the elderly, especially white women, is likely to become increas-
ingly common because young women are not getting enough calcium, best obtained in
low-fat dairy products.

The federal government, in a number of reports over the years by various advisory
committees, has developed recommendations on how Americans should eat to maintain
health and prevent chronic disease. Since 1980, the U.S. Department of Agriculture and
the U.S. Department of Health and Human Services have reviewed the recommenda-
tions every five years and have released reports called Dietary Guidelines for Americans.”
Agreeing on recommendations has often proved controversial, because the food industry
tends to oppose any recommendation that calls for eating less of any food substance.'*
However, evidence clearly supports the recommendations included in the 2010 guidelines
that people’s diets should emphasize fruits, vegetables, whole grains, and fat-free or low-
fat milk and milk products; they should include lean meats, poultry, fish, beans, eggs, and
nuts but less saturated fats, transfats, cholesterol, salt, and added sugar.*®

While the 2010 food guidelines did not change significantly from those issued ear-
lier, the image used to illustrate the recommendations changed from the familiar food
guide pyramid to a place setting for a meal, shown in (FIGURE 16-3). ChooseMyPlate
.gov recommends, for example, that half the plate should consist of fruits and vegetables,
and at least half the grains should be whole grains. The website includes an option for an
individual to create a personal profile with a calorie limit, affected by his or her physical
activity,and a recommended food plan.'¢

Work on the 2015 guidelines started in 2013, when an advisory committee was
appointed. A series of meetings were held in 2014, and the final guidelines were scheduled
to be published at the end of 2015."

Dietary surveys conducted by the U.S. Department of Agriculture have shown that
while the diet of Americans has improved over the past several decades, people fall far short
of the federal recommendations. One-third of the population eats at least some food from
all food groups, but only 1 percent to 3 percent eat the reccommended number of servings
from all food groups on a given day. Fruits are the most commonly omitted item. Intake
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FIGURE 16-3 ChooseMyPlate.gov

Reproduced from United States Department of Agriculture, http://www.choosemyplate.gov, accessed September 16, 2015.

of fat and added sugars continues to be too high. While people appear to eat close to the
recommended number of vegetable servings, half of these servings are iceberg lettuce,
potatoes (including chips and fries), and canned tomatoes.'*'> One unfortunate trend is
that African Americans of low socioeconomic status, who used to eat a more healthful
diet than wealthy whites, have now adopted eating patterns that have traditionally been
associated with higher incomes. It is as if, as one commentator suggests, they feel they
are now “able to afford steak instead of having to ‘fill up’ on bread or peas or beans”7®7>)

Federal surveys suggest that, among the causes of increasing obesity, especially in
children, is the increased intake of sweetened beverages. The proportion of calories that
the average American obtained from soft drinks and fruit drinks more than doubled
between 1977 and 2001 and remains high.'®" The trend was similar for all age groups,
but the numbers were highest in the younger age groups, rising from 4.8 percent to 10.3
percent of calories in the 2- to 18-year-old group and from 5.1 percent to 12.3 percent
among those between the ages of 19 and 39. Meanwhile, consumption of milk decreased
by 38 percent overall, including among children age 2 to 18, the group for whom milk
consumption is most important for future health. Consumption of other beverages has
not changed significantly over the period studied. These trends are unhealthy, not only
because soft drinks and sweetened juice drinks contain “empty calories” that contribute
to weight gain, but also because consuming milk products appears to help people control
their weight in addition to providing calcium for their bones. According to the research-
ers, reducing soft drink and fruit drink intake “would seem to be one of the simpler ways
to reduce obesity in the United States.”!8(¢-20)

Promoting Healthy Eating

It might seem that what each individual eats is under his or her individual control. But
many social, cultural, and economic factors contribute to dietary patterns. Eating habits
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and dietary preferences develop over a lifetime, influenced by family, ethnicity, the media,
and other factors in the social environment. The high prevalence of overweight in the
United States combined with the large numbers of people who are trying unsuccessfully
to lose weight makes it clear that changing eating patterns is very difficult, even for highly
motivated people. Studies of patients with a variety of medical conditions requiring special
diets have found that even they have difficulty sticking to the prescribed diet. The rate of
adherence to a diet by people with diabetes ranged from 20 percent to 53 percent to 73
percent in three different studies. People with kidney failure who were on dialysis were
found to have a rate of adherence to the recommended diet of 39 percent and 42 percent in
two separate studies. Another study found that the ability of people with high cholesterol
to adhere to a low-cholesterol diet was only 30 percent.?

Several major public health campaigns conducted in entire communities and aimed at
reducing cardiovascular risks found that obesity was the most difficult risk factor to control.
The Stanford Three-Community Study, the Stanford Five-City Study, the Minnesota Heart
Health Program, and the North Karelia (Finland) Project all had reasonable success in
reducing risk factors such as smoking, hypertension, and blood cholesterol, but none of
them interrupted the increase in the prevalence of obesity in the communities studied.?

Nevertheless, public health advocates have attempted to apply the ecological model
of health behavior to create a social environment that favors healthier eating. For example,
making nutritious foods more readily available—intervention at the community and insti-
tutional levels—should encourage people to choose their foods more wisely. The food
industry is responding to many consumers’ concerns about weight and health by providing
a greater choice of low-fat and low-calorie foods. Many restaurants offer “heart healthy”
selections on the menu and label them thus. Worksite and school cafeterias provide healthy
food choices including salad bars. While such measures do not guarantee that people will
eat a healthier diet, they remove barriers that make it hard for people to do so.

Enhancing self-efficacy and providing social support are ways of promoting healthy
eating at the level of the individual and his or her family and friends.? Social support is
provided when a whole family is willing to adopt a diet together, or by group programs
such as Weight Watchers. Self-efficacy can be improved by “point of choice” postings of
nutritional information, which can help shoppers who are concerned about the nutritional
content of food but do not know how to make wise choices. Several major campaigns using
point of choice postings have been conducted by supermarket chains in collaboration with
health advocacy organizations such as the American Heart Association, but the results have
been mixed. Other approaches to enhancing self-efficacy and adherence to diets include
demonstrations of healthy cooking methods and practice in calculating portion sizes.

Public health advocates look at evidence from antismoking campaigns for ideas on
how to improve the social environment to affect the American diet. The success of the
public service announcements of the 1960s, together with later bans on cigarette adver-
tising in the broadcast media, in reducing smoking prevalence inspired a number of
media campaigns to promote more healthful eating. One such campaign was California’s
“5-A-Day” Campaign for Better Health, which attempted to increase fruit and vegetable
consumption among state residents to five servings per day.'* The assumption is that
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eating more fruits and vegetables leads to eating less of nonnutritious foods. The pro-
gram proved to be successful in increasing consumption of fruits and vegetables in the
state. Later, the National Cancer Institute launched the program nationwide, although
funding was never adequate to maintain the early successes of the California program.
As in the case of antismoking campaigns, public health advocates must compete with
well-financed advertising campaigns by food manufacturers promoting highly attractive
but nonnutritious foods.

Another problem with the “5-A-Day” approach is that fresh fruits and vegetables are
relatively expensive and are often unavailable in poor neighborhoods. Fast-food restaurants,
on the other hand, are inexpensive and are often concentrated in low-income neighbor-
hoods. Moreover, U.S. government policy subsidizes industrial agriculture, which produces
high-calorie commodities at the expense of more nutritious produce.? Food advertising
focuses predominately on processed foods, which are more profitable for the industry.?

The food and beverage industries use some of the same approaches to increasing their
sales as the tobacco companies have used. As documented in Marion Nestle’s book, Food
Politics: How the Food Industry Influences Nutrition and Health'* companies do everything
they can to encourage Americans to eat more. They do this by processing foods to make
them taste good, which often means sweet, fatty, or salty. They push larger portions, often
by promoting them as good buys; for example, a large serving of fries might cost only
pennies more than a small serving while it might have twice as many calories. The com-
panies also advertise extensively, especially to children. They take advantage of the fact
that, with most women working outside the home, convenience and efficiency are major
factors in food choice and fewer family meals than in the past are home cooked. As Nestle
describes, food companies “conduct systematic, pervasive, and unrelenting ... campaigns
to convince government officials, health organizations, and nutrition professionals that
their products are healthful or harmless, to undermine any suggestion to the contrary,and
to ensure that federal dietary guidelines and food guides will help promote sales.”*4®2
Like tobacco companies, food companies argue that diet is a matter of individual choice,
and they use science to sow confusion about the harm their products can do.

The Institute of Medicine, after a thorough study aimed at developing criteria for
evaluating the outcomes of programs to prevent and treat obesity, concluded in a report
called Weighing the Options that prospects were dim for people seeking to lose weight.
“The fact is that despite the billions of dollars spent, few people reduce their body weight
to a desirable or healthy level and even fewer maintain the weight lost beyond two or
three years”*?1%® The report noted that for most people, weight is not lost once and for
all but that its control demands continuing effort. Accordingly, the Institute of Medicine
recommends thinking in terms of lifelong weight management, encouraging overweight
people to try at least to avoid gaining additional weight. According to the report, even
small weight losses can raise self-esteem and improve the health of people suffering from
obesity-related chronic conditions.

Public health advocates believe that tackling the obesity epidemic will require
community-based efforts to increase the availability of healthy foods, changes in national
agricultural policy to encourage the availability of nutritious food at a reasonable cost,
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and regulation of food industry advertising to promote ethical marketing standards.” A
number of proposals have been made to tackle the obesity epidemic with tools similar
to those that proved successful in the “tobacco wars.” In addition to the educational cam-
paigns such as the one for “5-A-Day” fruits and vegetables, they include requirements
for food labeling and advertising to carry information on calorie, fat, and sugar content
and prohibitions on making misleading health claims. Fast-food restaurants should be
required to provide nutritional information on packages and wrappers. The nutritionist
Nestle proposed taxes on soft drinks and other junk foods to fund “eat less, move more”
campaigns and perhaps to subsidize the costs of fruits and vegetables.'*®3¢7

Some of these proposals are beginning to be implemented in some places, but they
have proved controversial. New York City requires calorie counts to be posted on the
menus of fast-food restaurants. The New York State governor, David Paterson, proposed
a tax on sugar-sweetened soft drinks and juice drinks as part of his 2009 budget proposal,
but the idea met vigorous opposition. When the Maine legislature passed a similar tax,
the law was repealed by voters.” In 2014, Berkeley, California, became the first U.S. city
to pass a law taxing sugary drinks.**

Because the impact of lawsuits against tobacco companies was so successful, forcing
the companies to raise prices, limiting their advertising and marketing, and publicizing
their fraudulent claims, public health advocates are beginning to think about similar law-
suits against fast-food companies. Although a lawsuit against McDonald’s by obese teenag-
ers was laughed out of court, some lawyers see potential for challenging food companies
on deceptive advertising and marketing practices, using consumer protection laws. In
2006, the Center for Science in the Public Interest announced a lawsuit against the Kellogg
Company and the makers of the television show SpongeBob SquarePants for using the
cartoon character to sell sweetened cereals, Pop Tarts, and cookies to children under 8.%
The suit was settled in 2007 with Kellogg agreeing that foods advertised on media targeted
at children should meet certain nutrition standards.”® One lawyer who was involved in
tobacco cases and is now reportedly preparing suits against food companies is quoted as
saying, “The issue is what goes on with the kids, the advertising, whats in schools. That’s
an issue that has some oomph to it

In fact, many public health advocates believe that the best hope of preventing obesity
in adulthood is to influence children’s habits. Thus a great deal of attention is being paid
to preventing overweight in children. One proven approach is to encourage breastfeeding,
which has many other health advantages as well, for both mother and infant. A number of
studies have shown that breastfeeding has a long-term protective effect against obesity in
children. It also helps the mother to lose weight she gained during pregnancy.?

It is also important to increase parents’ awareness that their children are at risk and
for children themselves to be aware of their weight status. In a follow-up to the 1988-1994
NHANES survey, after children were weighed and measured, mothers were asked whether
their child was overweight, underweight, or about the right weight. Nearly one-third of
mothers of overweight children ages 2 to 11 reported that their child was about the right
weight.” In the 2007-2010 NHANES survey, parental perceptions were even less accurate.
Among parents of overweight (but not obese) 8- to 15-year-olds, only 21 percent correctly
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identified their child’s weight category.*® The 2005-2012 NHANES survey asked 8- to
15-year-old children about their own weight. Among overweight boys, 81 percent said
they were about the right weight, while 71 percent of overweight girls reported their weight
was about right.*! The state of Arkansas addressed this problem by mandating that schools
send home weight report card, and a number of other states and school districts have fol-
lowed suit, although the practice is controversial because of concerns about stigma.* It
is clear, however, that efforts to prevent and treat childhood obesity must involve parents.
The American Academy of Pediatrics recommends that doctors should measure and
chart children’s BMI at least once a year.”® However, a 2002 study found that fewer than
10 percent of practitioners follow all the guidelines.** Many pediatricians feel unprepared
to educate the parents on what to do if their child is overweight.

In 2005, the Institute of Medicine published a report called Preventing Childhood Obe-
sity: Health in the Balance.®® Calling childhood obesity a “critical public health threat; **®2)
the report recommends steps that federal, state, and local governments should take to make
prevention of obesity in children and youth a national priority. Recommendations include
developing guidelines for advertising and marketing of foods and beverages to children
and giving the Federal Trade Commission authority and resources to monitor compli-
ance. The report notes that “more than 50 percent of television advertisements directed at
children promote foods and beverages such as candy, fast food, snack foods, soft drinks,
and sweetened breakfast cereals that are high in calories and fat, low in fiber, and low in
nutrient density”**®!7? It also recommends that governments should develop and imple-
ment nutritional standards for all foods and beverages sold or served in schools. Food
and beverage companies have invaded schools with vending machines selling unhealthy
drinks and snacks, fast food in school cafeterias, and special educational programs and
materials accompanied by advertisements for fast food and junk food.

As discussed later in this chapter, obesity and chronic disease are as much a result
of lack of physical activity as they are of unhealthy diets. Weight-loss programs are most
successful, in adults as well as in children, when they combine diet and exercise. “Exercise
is today’s best buy in public health,” one commentator notes. “It is positive and acceptable,
has insignificant side effects, and can be inexpensive”¢®252

Physical Activity and Health

Most studies on how to lose weight have found that the most effective approach combines
dieting and physical activity. Dieters who are physically active are more likely to lose fat
while preserving lean mass. This combination not only promotes a healthier distribution
of body weight (a lower WHR), but it also helps people avoid the weight loss plateaus that
can result from dieting. Since lean mass burns more calories than fat burns, a dieter who
loses muscle mass will end up with a higher proportion of his or her weight consisting of
fat, and thus fewer calories will be needed to maintain the new weight, making it more
difficult to lose additional pounds. Exercising when dieting helps to ensure that the weight
lost will be fat. Raising the amount of physical activity without reducing calorie intake,
while a relatively inefficient way to lose pounds, is likely to reduce the waist-to-hip ratio
and thus improve health.”
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A number of epidemiologic studies have demonstrated that people who are more
physically active live longer. For example, a study of almost 17,000 male Harvard alumni
found that those who engaged in vigorous activities for three or more hours per week
were less than half as likely to die within the 12- to 16-year follow-up period than those
who had the lowest activity levels.”* Among Harvard graduates who were sedentary at the
beginning of the study, those who took up moderate sports activity at some time during the
follow-up period had a 23 percent lower death rate than those who remained sedentary.”

Exercise clearly protects against cardiovascular disease, as demonstrated by epide-
miologic studies and through biomedical evidence. The Framingham Study found, as early
as the 1970s, that the risk for both men and women of dying from cardiovascular disease
was highest among those who were the least physically active and that more activity was
associated with lower risk.*” Exercise offers protection against both heart disease and stroke.
Several studies have indicated that inactive men and women are more likely to develop
high blood pressure than those who are active and that moderate intensity exercise may
help reduce blood pressure in people whose pressure is elevated.*

There is some biomedical evidence for how physical activity protects against cardio-
vascular disease. One major factor is the effect on blood cholesterol, especially the tendency
for exercise training to increase levels of high-density lipoprotein, “the good cholesterol”
Even a single episode of physical activity has been found to improve the balance of blood
lipids, an effect persisting for several days.** By lowering cholesterol levels in the blood,
exercise protects against atherosclerosis. Studies on monkeys have demonstrated that
exercise has a protective effect even when the animals are fed a diet high in cholesterol and
fats.* Other favorable effects of physical activity on the cardiovascular system include a
lowering of blood pressure, an increase in circulation to the heart muscle, and a reduced
tendency of blood to form clots. Moreover, physical activity reduces the risk of diabetes,
which is an important risk factor for cardiovascular disease.

Type 2, or adult-onset diabetes is related to weight gain in adults, especially weight
gain distributed in an “apple” shape, a consequence of insufficient physical activity. The
high prevalence of obesity among Americans contributes to the ranking of diabetes as the
seventh leading cause of death, probably an underestimate because many cardiovascular
deaths have diabetes as an underlying cause.

Early suspicions that physical inactivity contributed to diabetes were raised by obser-
vations that prevalence of the disease was higher in societies or groups that moved from a
traditional lifestyle to a more technologically advanced environment. This transition has
been extensively studied in certain American Indian and Pacific Islander communities.
While the increased risk stems in part from changes in diet and increased prevalence of
obesity, physical activity may be an independent risk factor.* The Nurses’ Health Study
and the Physicians’ Health Study have both found that regular physical exercise reduces
the incidence of type 2 diabetes.*>* The protective effect of exercise against the develop-
ment of diabetes seems to work largely by increasing the sensitivity of muscle and other
tissues to insulin.

There is also evidence that physical activity protects against cancer, especially colon
cancer and breast cancer. Some studies suggest a protective effect against cancer of the



How Much Exercise Is Enough, and How Much Do People Get?

lung, prostate, and uterine lining. Exercise also improves survival and quality of life among
individuals who have been diagnosed with several kinds of cancer.*”

How Much Exercise Is Enough, and
How Much Do People Get?

In 2006, the U.S. Department of Health and Human Services decided that guidelines for physical
activity should be developed, similar to the dietary guidelines. Together with the Institute
of Medicine, it undertook a process similar to that used to develop the dietary guidelines.
An advisory committee was appointed, which conducted an analysis of the scientific
information, held a series of meetings, and released a report in 2008.*

Separate guidelines were developed for children and adolescents (60 minutes or
more daily) and adults (at least 150 minutes per week of moderate-intensity activity or
75 minutes per week of vigorous-intensity aerobic activity). Adults gain increased ben-
efits from 300 minutes of moderate-intensity activity or 150 minutes of vigorous activity.
Adults should also do muscle strengthening exercise two days a week. Older adults and
people with disabilities or chronic medical conditions should do as much as they are
able, in consultation with their doctor. Examples of moderate and vigorous activities are
shown in (Table 16-2).

In fact, 46.5 percent of American adults report that they met neither the aerobic
nor the muscle-strengthening activity guidelines during their leisure time, according
to the 2013 National Health Interview Survey."™¢) Lack of activity is more common
in females than males and more common in blacks and Hispanics than whites. People
with less education and lower incomes are more likely to be inactive than those of higher
socioeconomic status, and older adults tend to be more inactive than younger ones.

Table 16-2 Examples of Different Aerobic Physical Activities and Intensities

Moderate Intensity

* Walking briskly (3 miles per hour or faster, but not race-walking)
* Water aerobics

® Bicycling slower than 10 miles per hour

* Tennis (doubles)

* Ballroom dancing

* General gardening

Vigorous Intensity

* Racewalking, jogging, or running

* Swimming laps

* Tennis (singles)

* Aerobic dancing

® Bicycling 10 miles per hour or faster

* Jumping rope

* Heavy gardening (continuous digging or hoeing, with heart rate increases)
* Hiking uphill or with a heavy backpack

Reproduced from Office of Disease Prevention and Health Promotion, U.S. Department of Health and Human Services,
“Physical Activity Guidelines for Americans,” Chapter 4: Active Adults. http://www.health.gov/paguidelines/guidelines
/chapter4.aspx, accessed August 29, 2015.
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Lack of physical activity is a major factor in the trend toward increasing prevalence
of obesity in children. The federal government recommends that children and adolescents
should be physically active at least 60 minutes every day.* While most younger children
report having engaged in exercise that makes them “sweat and breathe hard,” surveys show
that activity falls off dramatically during the high school years. Only 29 percent of high
school students reported in 2013 that they got the recommended amount of exercise,
while 15 percent did not participate in 60 minutes of physical activity on any day during
the week before they were surveyed. Only 20 percent of students were enrolled in daily
physical education classes when they were in 12th grade.

There is evidence that television and computers may be important factors in children’s
physical inactivity. A number of studies have found that childhood obesity is positively
associated with time spent watching TV.*® The American Academy of Pediatrics recom-
mends no more than 2 hours per day of recreational screen time for children 2 years
and older and none for younger children. Surveys have found that American children
age 8 to 18 spend an average of 7 hours of screen time per day; children 5 years old and
younger spend 2 hours per day on average. Children with a television in their bedroom
are especially likely to overweight, in part because their parents underestimate the amount
of time they spend watching.”' Black and Hispanic children are more likely than white
children to have a television in their bedroom. A trial conducted among third and fourth
grade students in a California school found that reducing the hours they spent watching
television by half to a third over a period of six months reduced their BMI significantly
compared with a control group.” Television encourages not only physical inactivity, but
also snack consumption; children are bombarded with television commercials for non-
nutritious food products.

Promoting Physical Activity

As with most attempts to change people’s behavior, the most effective approach to promot-
ing physical activity is likely to employ the ecological model, intervening at a number of
levels of influence. Efforts to motivate individuals to be more active must be combined with
interventions that make the physical and social environment more conducive to physical
activity. In part because research on the effectiveness of these interventions is difficult to
do, most studies have focused on short-term changes in exercise behavior. There is very
little evidence that any program has had long-term success in increasing physical activity
among significant numbers of people.

Many organizations and federal agencies recommend that healthcare providers coun-
sel their patients about physical activity. However, the evidence is mixed as to whether such
counseling actually motivates individuals to exercise more.> Studies of the effectiveness
of counseling find that counseling practices of primary care physicians are highly variable,
from a brief recommendation to be more active to a referral for intensive counseling by
health educators. Somewhat more effective are community-wide campaigns that include
improving access to places for physical activity and using group settings to help people set
individual goals, teaching skills for incorporating activity into daily routines, and provid-
ing social support to people trying to adopt healthier behaviors.”



Promoting Physical Activity

The suburban lifestyle, which requires people to drive to wherever they want to go,
is a major barrier that is very hard to overcome. As part of health promotion programs,
some communities build walking trails or persuade shopping malls to open early for “mall
walkers.” Schools are a greatly underused resource for community recreation. Surveys
of bicycle riders suggest that many more people would commute to work by bicycle if
safe bike paths or bike lanes were available, and some communities have responded to
this evidence by building such routes. Community trials designed to increase physical
activity—usually as part of a “healthy heart” program—have incorporated such envi-
ronmental modifications while also employing communications strategies, from public
service announcements about physical activity to signs that provide cues to action. In
one study, signs that said “Stay Healthy, Save Time, Use the Stairs” were placed next to
an escalator. This measure increased the percentage of people who used the stairs from
8 percent to 17 percent.”

Pedometers are increasingly 