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Preface

The main goal of public health is to prevent and control disease in human popula-
tions. To reach this goal, we attempt to understand the nature of diseases, explore the
causes of diseases, take action (public health programs) and evaluate the effectiveness
of the actions. Epidemiology plays a crucial role in realizing this goal and deciding
which public health programs to develop and in evaluating those programs.

In recent decades, it appears that epidemiology has increasingly become a very im-
portant approach, not only for public health but also for clinical medicine and other ar-
eas of medical research and practice. Advances in computer design and availability
and the development of advanced statistical methods and readily accessible powerful
software have made it feasible to manage and statistically analyze very large data ba-
ses. Epidemiological techniques have been applied to many areas of biomedical re-
search and as a result, quite a few branches of epidemiology have emerged. Today, you
might find epidemiologists who specialize in chronic disease or infectious disease epi-
demiology or genetic epidemiology or molecular epidemiology or pharmacoepidemiolo-
gy or nutritional epidemiology, to name only a few of the specialties.

The aim of this book is to provide an overview of principles of epidemiology for
students of clinical medicine. It is also usable for the students of other health profes-
sions such as nursing, dentistry, pharmacy, public health service etc. It also can be
used as the reference book for other health professionals. For medical students, this
book assumes that they have successfully finished a short course of medical statistics.

In this textbook, most of the chapters are concentrated on the basic principles, con-
cepts and methodology of epidemiology (first 10 chapters). The remaining chapters con-
sist of some applications of epidemiology. These may be selected by instructor for lec-
ture or for used by students as self-readings.

It is important to note that this text book just serves as an introduction of epidemi-
ology. Because of the obvious constraints of any single textbook, it does not comprise
an exhaustive answer to many questions in epidemiology. I would appreciate any sug-
gestions on what and how the contents of this book can be improved.

Wang Peishan

Tianjin Medical University
Tianjin, China

psw@ tjmu.edu.cn
November 2010
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What is epidemiology?

Epidemiology is a fundamental medical
science that focuses on the distribution
and determinants of disease frequency in
human populations. If there is disease
occurring in the population, we always
want to know the cause or the trend of
the problem. Who is developing a dis-
ease, and where and when, and why are
they developing it? We like to be able to
compare the disease distributions in dif-
ferent places, different years and in dif-
ferent groups of people. We want to
know what is the possible cause of the

occurrence of the disease. Based on this
knowledge, we may take some measures
to control or prevent the disease. Some
very common questions are, for example:
— How many new cases with flu
occurred last year in this country
and how many cases this year.
— If we immunized the population
with vaccine, does it prevent the
epidemic of flu or not.
— How many cases with diabetes
now in this community?
— What is the trend of the breast
cancer among women in the ur-
ban and rural areas.
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Epidemiological methods may help
us to answer these questions. Epidemiol-
ogy is also important to the practice of
medicine as increased knowledge of dis-
ease occurrence aids in diagnosis and
treatment.

The term epidemiology consists of
the Greek words ep. (epi) = among,
dnpol(demos) = people, and Aoyol (log-
os) = doctrine. It was translated as “a
statement of what is upon the people.”
Therefore epidemiology is a human sci-
ence and it concerns the health problems
in the human population. (WHO 2002)

Definition of epidemiology

There are many definitions of epidemiol-
ogy in the literature. Here is the defini-
tion from the Dictionary of Epidemiology,
edited by Dr. Last, which seems to well
describe the work of epidemiology:

“Epidemiology is the study of the
distribution and determinants of health-
related states or events in specified pop-
ulations and the application of this
study to control of health problems.”
(Last 2002)

Brief history of epidemiology

In the history of human beings, many
epidemic or pandemic diseases were
spread in the population such as plague,
small pox, cholera, leprosy, syphilis, etc.,
which caused numerous deaths or seri-
ous social problems. It was estimated
that there were over 60 million people
died from plague in the world. (Oleckno,
pl4) Up to the early 20* century, more
than 600 epidemics had been documen-
ted in China. (Geng 1996) The people al-
ways attempted to find the reasons why
these diseases occurred and were trying

to control the spread of the diseases.
These efforts contributed to the develop-
ment of epidemiology.

Early epidemiology

The development of epidemiology oc-
curred over a long stretch of time and
numerous doctors and persons contribu-
ted to its progress. Many epidemiological
observations were made. Today these ob-
servations may seem simple or not criti-
cal in design, but they provided very
useful information towards describing
diseases and their control.. Even though
microorganisms were not identified until
the 19" century, the people found that
the diseases might be infectious and
spread from person to person or from
animal to person. Gradually the people
knew that the isolation of the ill people
might control the transmission of the dis-
ease. In 14" century, in Europe the ships
were asked to stay in an isolated area be-
fore arrival into the port for 40 days to
protect the community against the Black
Death (plague), this is the origin of the
quarantine. People knew more and more
about the possible route of transmission
of disease and invented some control
methods for disease, such as the vaccine
to prevent smallpox (by Edward Jenner,
1749 - 1823). In fact, the process of the
fight against disease led to the develop-
ment of epidemiology.

Hippocrates, the physician who
lived about two thousands years ago,
was often mentioned as the pioneer of
epidemiology. In his books he described
the epidemics of disease and recognized
associations between environmental and
other factors and certain diseases.

For the collection of health data,
such as mortality of the population, the
UK medical registration of death is a
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good example that was introduced in
1801, and in 1838 William Farr (1807 -

1883) introduced a national system of re-
cording causes of death. The analyses of
these data involving such techniques as
life tables and the standardization of
rates gave a picture of the health status
of the population of Great Britain.

As we learn the history of epidemi-
ology, John Snow’ s work and the Broad
Street pump story is a very common ex-
ample to show the contribution of epide-
miology on the control of the disease. Dr
John Snow (1813 - 1858), was a surgeon
(actually an anesthesiologist) and pio-
neer of the science of epidemiology. The
work of John Snow is generally quoted
as an example of a brilliant analytical in-
vestigation which can lead to the identi-
fication of a pathogenic agent and its
elimination from the environment.

John Snow

The first epidemic of cholera hitting
Great Britain was in 1831 - 1832 and
caused at least 60,000 deaths. Dr. Snow
directly investigated the subsequent ma-
jor epidemic episodes in London in 1849
and 1854, focusing attention on the role

that polluted water might have played in
the spread of the disease.

In the 1854 London epidemic, the
worst-hit areas first occurred in the dis-
tricts supplied by the Southwark and
Vauxhall Water Company. At the same
time, there was a markedly smaller num-
ber of deaths in those districts supplied
by the Lambeth Company. Because in
some areas the water supplies for the
two companies happened to be closely
intermixed, Dr Snow carried out a door
to door inquiry to ascertain to which
company supplied the water to their
homes. The results clearly demonstrated
the association between water supply
and later the deaths from cholera. When
they calculated death rates from cholera,
for the districts supplied by Southwark
and Vauxhall it was 4.4 per thousand
population, but for the districts supplied
by the Lambeth company it was only 0. 2
per thousand. They was more than a 20
times difference.

There were also many other factors
that led Snow to isolate the cause of the
cholera to the Broad Street pump which
belonged to the Southwark and Vauxhall
Company. For instance, of the 530 in-
mates of the Poland Street workhouse,
which was only round the corner, only
five people had contracted cholera; but
no one from the workhouse drank the
pump water, for the building had its
own well. Among the 70 workers in a
Broad Street brewery, where the men
were given an allowance of free beer ev-
ery day and so never drank water at all,
there were no fatalities at all. And an ar-
my officer living in St John’s Wood had
died after dining in Wardour Street,
where he too had drunk a glass of water
from the Broad Street pump.

Though the authorities were reluc-
tant to believe his conclusion, they
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The pump handle (Source: Steven
Johnson, Ghost Map, Riverhead Books,
New York, 2006)

agreed to remove the pump handle as an
experiment. When they did so, the
spread of cholera dramatically stopped.

It is very interesting that even
though John Snow by 1854 concluded
that cholera could be transmitted
through contaminated water, the etiologic
agent of cholera, Vibrio cholerae, was not
identified until almost three decades lat-
er. Dr. Snow had proved the cause of the
cholera epidemic in Broad Street, London
and controlled it by stopping the water
supply from the suspected pump was
before the development of the theory of
disease caused by microorganisms.

Later in the 19" century, some bacte-
ria were recognized by some scientists
such as Louis Pasteur in France and
Robert Koch in Germany. They demon-
strated that microorganisms could cause
infectious disease, and developed the cri-
teria to judge the relationship between
the microorganism and a specific dis-
ease. Along with the progress of microbi-

ology and techniques of statistics, epide-
miology began its rapid evolution. There
was the first association of epidemiology
in London in 1850 and there was even a
journal on epidemiology in Russia in
1870. (Geng G.)

Modern epidemiology

For traditional epidemiology, most of the
work was concentrated on infectious dis-
eases, such as plague, small pox, cholera,
typhoid fever. It was reasonable because
epidemics or pandemics of these infec-
tious diseases historically caused mil-
lions of deaths. This led to authorities
and health workers trying to find the
cause of such diseases and to control the
spread or eliminate the diseases from the
world. Later there were also some indi-
viduals who contributed great work on
non-infectious diseases such as the iden-
tifying of causes and control for pellagra,
scurvy, beriberi, etc. In fact James Lind
(1716 - 1794) had identified the dietary
factors associated with scurvy in 18"
century and found the way to prevent
and treat the problem, and it eventually
led to the development of experimental
epidemiology.

Around World War I and later,
there were some epidemiological studies
on non-communicable chronic diseases
such as cancer and cardiovascular dis-
ease. A very good story is about smoking
and health issue. There were a couple of
studies published in the United States
and in the United Kingdom in the late
1930’ s. Doll and Hill in UK had carried
out a series studies including case-con-
trol study and prospective cohort studies.
The air pollution was very serious in
London and people thought it could be
the main cause of the increase mortality
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from lung cancer. However the studies of
Dr. Doll and his colleagues suggested a
very significant association between ciga-
rette smoking and lung cancer. the Fram-
ingham heart study in the US is another
classical example, it was started in 1948
when heart disease had become an im-
portant cause of death of the population
in the United States.

Today, epidemiological methods of
investigation have become tools for an-
swering the questions in medicine and
public health regarding their biological
and social facets. Especially due to the
progress of the use of computers, analy-
ses of large databases and complicated
calculations have become feasible. Epide-
miology has contributed to the under-
standing of diseases in the population,
the studies of etiology, and control of
some health problems including preven-
tive or therapeutic actions for a lot of im-
portant diseases, e.g., cardiovascular dis-
eases especially ischemic heart disease,
asthma, and some cancers. Regarding
the identifying of the possible causal risk
factors for some emerging diseases such
as AIDS, Legionnaires’ disease, Lyme
disease, and Helicobacter infections, epide-
miology has played an significant role.

Epidemiological methods have been
applied in various areas or jointly with
other disciplines and there have been
many branches of epidemiology emerge
in recent decades such as cancer epide-
miology, cardiovascular epidemiology, or
sero-epidemiology, pharmacoepidemiolo-
gy, clinical epidemiology, molecular epi-
demiology. All of these applications are
based on epidemiological methods, the
basic principles we will learn in this
book.

An overview of methods of ep-
idemiologic studies

To answer the questions about disease
distributions, trends of the diseases, etc.,
we need to collect data from the popula-
tion and then describe the data or ana-
lyze the relationship between the expo-
sure and outcome or cause-and-effect as-
sociation. Exposure is a very common
used term in epidemiology, it refers to the
causal factors that may associated with
the disease. For example, contact with a
biologic agent, a harmful materials, or
some characteristics such as the age or
blood groups which may put an individ-
ual at increased risk. Exposure may of
course be beneficial rather than harmful,
e.g., exposure to proper physical exercise.
Outcome is the disease or other change
in health status. It is the possible result
associated with the causes, risk factors or
preventive measures.In epidemiology, we
collect data about the exposure and out-
come and then describe them and/or an-
alyze the association between them.

How to describe the disease in the
population? Person, place, and time

Firstly we need to know the distribution
of the disease. Primarily it refers to how
the morbidity (incidence and prevalence
of the disease) or mortality is distributed
in a given population or a community.
Generally we describe morbidity (illness)
or mortality (deaths) in terms of person,
place and time. We want to know what
is the rate of illness in different age
groups, whether they have the same
death rates, whether there is a difference
among various countries, and what are
the trends of the pattern of death in the
last decades. By this description we may
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have the idea of disease in the popula-
tion and furthermore it is possible to ex-
plore or find the potential causes of the
disease distribution.

By person

Age, sex, race group, education, occupa-
tion, socioeconomic status, marital status,
immunization status and some lifestyle
or behavior habits are common variables
used to describe the distribution of dis-
ease. For example, we might describe the
distribution of coronary heart disease in
one community by sex, age, occupation,
and some lifestyle factors such as smok-
ing, drinking and physical exercise.
These descriptions may give us a very
good idea of this disease. These data will
be very useful for the estimate the burden
of the disease and policy making. These
descriptions may also provide us some
thinking of who are in the risk group
and what is the potential reason of the
disease. More detailed examples of distri-
bution of disease by person will be seen
in the chapter of communicable diseases.

By place

Place variables include various geo-
graphic characteristics. They might be
based on administrative areas such as
countries, provinces, cities, towns, or
neighborhoods, or might be based on
specific geographic characteristics such
as urban and rural area, mountainous
area and plain district, or in different lat-
itude or altitude. For example, Figure 1. 1
gives us the idea of the liver cancer death
rates are varied among countries. And
Figure 1.2 is the distribution of esopha-
gus carcinoma in Taihang Mountain are-
a, a central place in China where the
death rates of this disease were high. The

description of the distribution might be
very helpful for the etiological study of
this cancer.

By time

“By time” refers to the distribution of
given disease by hours, days, weeks,
months, years, or even by decades. From
the description it will reveal the temporal
patterns of the disease. We might know
the trends of the disease or some change
that is unexpected. Common temporal
patterns of morbidity and mortality in-
clude short-term fluctuations, cyclic
changes and secular trends.

Short-term fluctuations refers to rela-
tively brief, unexpected increases in the
frequency of a particular disease. Short-
term fluctuations are commonly manifes-
ted in epidemics.

Cyclic trends represent periodic in-
crease in frequency of a particular dis-
ease morbidity or mortality. It often is
predicable.

Seasonal variation is a typical cyclic
pattern. The morbidity or mortality of a
particular disease might be influenced by
weather or temperature. Many diseases
have this phenomenon, including infec-
tious disease and non-infectious chronic
diseases. The examples for infectious dis-
eases are malaria, influenza, and the ex-
amples for non-infectious diseases are
some cardiovascular diseases such as
stroke.

However, cyclic trends are not only
seasonal variations. The curve of time
distribution of some illness might have
elevation every other year or with an in-
terval of several years. For example mea-
sles, before the wide use of vaccine for
the immunization, epidemics were com-
mon in the community at two or three
years intervals. The assumed reason is of
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Figure 1.1

Age-adjusted death rates of malignant neoplasm of liver and intrahepatic bile ducts

(Males) in selected countries and districts (1983 - 1987). (Source: Tominaga S., Kuroishi T, Aoki K. ed:
Cancer mortality statistics in 33 countries 1953 - 1992. UICC 1998  p50)

the accumulation of susceptible children.
The same phenomenon may also be
found in the distribution of hepatitis A
in some places.

Secular trend is also called long-
term changes. It represents the pattern of
trends for a long time such as many
years, decades, or even centuries. From
Figure 1. 3 the data shows us that female
breast cancer has been increasing in
most countries even though the rates are

varied. Figure 1. 4 is the trends of inci-
dence and mortality of infectious disea-
ses in China from 1980 to 2000. We can
know both incidence and mortality have
decreased dramatically.

Table 1. 1 summarizes the common-
ly used variables of person, place and
time. Some more examples also are to be
found in chapter 3, communicable disea-
ses.
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;

Mortality (1/100 000)

Figure 1.2  Mortality of esophagus carcinoma in Mountain Taihang area, China, 1979. (Source:

Geng G, 1996)
Table 1.1 Commonly used variables of person, place and time

Person Place Time
Age Administrative boundaries Short-term fluctuations
Sex International Cyclic changes
Social class — income, education, Provincial Seasonal variations

occupation Natural boundaries Secular trends

Marital status Environmental factors

Lifestyle factors — smoking, physi-

Residence

cal activity Birthplace
Race and/or ethnic group Workplace
Inherited factors

Immunization status

Descriptive and analytic epidemiol-
ogy

Descriptive epidemiology is concerned
with the variations of morbidity and
mortality in a community. It concentrates

on the description of distribution of mor-
bidity or mortality by person, place and

time. Several types of studies are in this
category, such as case report, case series,
ecological study and prevalence survey
(or cross-sectional study). The informa-
tion obtained by these descriptive studies
is not only useful in health care plan-
ning, but also can provide clues to the
potential causes of disease.
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Figure 1.3 Trends in age-adjusted death rates of malignant neoplasm of breast (Female) in selected
countries of the world {from 195357 to 1988-92), {Source: Tominaga S., Kuroishi T, Aoki K. ed: Canc-
er moriality statistics in 33 countries 1953-1992. UICC 1998 p75.)

Analytic epidemiology, it is more
concerned with the relationship between
the exposures and oufcomes. Common
designs are cohort study, case-control
study and experimental study. Generally
one or more hypotheses are generated
base on the information from descriptive
studies and then tested to help identify
the potential causes of the morbidity or
mortality.

Epidemiologic studies should an-
swer the W5 questions: What disease?
Who is diseased? Where did it occur?
When did they become ill? Why? De-
scriptive  epidemiology commonly an-
swers the questions of who, where and
when, and analytic epidemiology can
answer the question why.

However, the distinction between
descriptive and analytic studies may not
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Figure 1.4 Reported Incidence and Mortality of Infectious Diseases, China, 1985-2000.

always be clear-cut. A descriptive study,
may compare the distribution of the dis-
ease in subgroups. It may result in the
relationship of two or more variables and
provide clues for more analytic studies.
In an analytic study, before measuring
the association and making an inference
between exposure and outcome, it may
also need to describe the distribution of
variables.

Observational and
studies

experimental

An Experimental study randomizes the
subjects into intervention and control
groups ( exposed and unexposed
groups) and follows them over time to
compare their rates of disease develop-
ment. In experimental studies the investi-
gator will control the allocation of sub-
jects to the different groups. Such as in a
clinical trial the subjects will be divided
into two groups of different treatment or
preventive measures. It is scientifically
more rigorous. It is good to test the effica-
cy of a medication or vaccine. It is also
good to evaluate the results if some fac-
tors associated with the disease are able
to be changed, generally we call this an
intervention study. However sometimes it
is very difficult to carry out the experi-
mental study in epidemiologic research.
They are not suitable for the study of rare

disease outcomes since it may take a
long time to perform, they often present
complex ethical problems, or may simply
not be feasible.

Most of the time an epidemiologist
will just observe and measure the occur-
rence of the disease or other health relat-
ed conditions in different groups with
various characteristics. In this way, he/
she will attempt to identify the causal as-
sociation between the exposure and out-
come. The investigators do not intervene
in any way therefore it is called an ob-
servational study. All cross-sectional
studies, case-control studies and cohort
studies are in this category.

Prospective and retrospective study

Based on time to collect the information
for the study or on the direction of the
study, studies can be divided into pro-
spective and retrospective studies. They
are sometimes confused. Generally the
experimental studies and cohort studies
are designed to follow up the outcome,
therefore they are called prospective
studies. Case-control studies need the in-
vestigator to collect the exposure infor-
mation after the disease has occurred.
Therefore they are called retrospective
studies. However in cohort studies some-
times we may analyze the association
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Descriptive studies

Analytic studies

— Case-reports/case series
Ecological studies
Cross-sectional/survey

— Case-control studies

Cohort studies

= Experimental studies

Odservational studies

:] Experimental studies

Figure 1.5 Hierarchy of Epidemiological Study Design

based on the historical exposure and
outcome data, the direction is also from
exposure to outcome. The historical co-
hort study and concurrent cohort study
are also called retrospective cohort study
and prospective study.

Summary of methods of epidemiolo-

&y

Now we have a brief idea that epidemio-
logic methods include a series designs
and most of them we will learn later. Fig-
ure 1. 5 is a hierarchy of epidemiological
studies.

Goals of epidemiology

What might we do with epidemiology?
The main goal of public health is to i-
dentify the health problems within a
community, or in the population ( a
group of the people), then to identify
what is causing the problems, and to try
to take some control measures and to test
if these measures are working to resolve
or reduce the problem. Epidemiology is
fundamental in providing the data nee-
ded to make public health judgments in
each of these areas. With descriptions
and comparisons of the factors of the
population, epidemiological studies may
provide substantial information for the
public health services and improve the
health of the community.

Here are some general goals of epi-
demiology. In the rest of the book, we
will discuss these in more detail with ex-
amples.

To describe the distribution of the dis-
eases and the health related states in the
population

We may observe and record the oc-
currence of disease or health status, in-
cluding some factors related to the dis-
ease, and then describe the changes in
the health status (by time), or differences
between groups of people, or between
different geographical areas (by persons
and by places). These descriptive data
will give us the background needed for
action or for further investigation. These
data will be also very important for
health authorities and planners who
need to know the nature and size of the
health challenges faced by their commu-
nities.

To identify the causes or risk factors
of a disease

The purpose of public health profes-
sionals is to try to control diseases in the
population. Therefore it is very important
that we know the reason that caused the
disease or caused the disease epidemic.
A very important role of epidemiology is
to identify the causes or risk factors of a
disease. Our final goal is to control the



