
Cambridge University Press
978-1-108-76680-7 — Essential Epidemiology
4th Edition
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Essential  
Epidemiology
An Introduction for Students and 
Health Professionals

FOURTH EDITION

Now in its fourth edition, Essential Epidemiology is an engaging and accessible introduction to the 

foundations of epidemiology. This text introduces the core concepts and shows the essential role 

of epidemiology in public health and medicine across a broad range of health monitoring and 

research activities. It draws on cases from chronic and infectious diseases, with vibrant contemporary, 

historical and hypothetical examples that enable students to engage with the content. Complex 

mathematics are kept to a minimum in the main text with more advanced concepts presented as 

optional extras for those who want more detail.

With more than 90 questions and answers to work through in the print book, and hundreds 

more in the enhanced eBook, this is an essential resource for students, practitioners and anyone 

else who needs to interpret health data in their studies or work. Epidemiology’s most important 

goal is to bring rigour to the collection, analysis and interpretation of health data to improve 

health at a global scale. Essential Epidemiology is highly regarded as a resource that provides readers 

with the tools to achieve that goal.

Penelope Webb is a Principal Research Fellow and Group Leader at the QIMR Berghofer 

Medical Research Institute in Brisbane, an Honorary Professor in the School of Public Health at 

the University of Queensland and an Adjunct Professor in the School of Public Health and Social 

Work at the Queensland University of Technology.

Chris Bain is a former Reader in Epidemiology in the School of Public Health at the University 

of Queensland.

Andrew Page is Professor of Epidemiology in the School of Medicine at Western Sydney 

University.

www.cambridge.org/9781108766807
www.cambridge.org


Cambridge University Press
978-1-108-76680-7 — Essential Epidemiology
4th Edition
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Essential  
Epidemiology
An Introduction for Students and 
Health Professionals

FOURTH EDITION

Penelope Webb
Chris Bain
Andrew Page

www.cambridge.org/9781108766807
www.cambridge.org


Cambridge University Press
978-1-108-76680-7 — Essential Epidemiology
4th Edition
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

University Printing House, Cambridge CB2 8BS, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

314–321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi – 110025, India

79 Anson Road, #06–04/06, Singapore 079906

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of  
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781108766807

First edition © P. Webb, C. Bain and S. Pirozzo 2005
Second edition © P. Webb and C. Bain 2011
Third and fourth editions © Penelope Webb, Chris Bain and Andrew Page 2017, 2020

This publication is copyright. Subject to statutory exception  
and to the provisions of relevant collective licensing agreements,  
no reproduction of any part may take place without the written  
permission of Cambridge University Press.

First published 2005
Second edition 2011
Third edition 2017
Fourth edition 2020 (version 3, April 2021)

Cover and text designed by Kerry Cooke, eggplant communications
Typeset by Integra Software Services Pvt. Ltd
Printed in China by C & C Offset Printing Co., Ltd, February 2021

A catalogue record for this publication is available from the British Library

A catalogue record for this book is available from the National Library of Australia

ISBN 978-1-108-76680-7 Paperback

Additional resources for this publication at www.cambridge.edu.au/academic/essentialepidemiology

Reproduction and communication for educational purposes
The Australian Copyright Act 1968 (the Act) allows a maximum of  
one chapter or 10% of the pages of this work, whichever is the greater,  
to be reproduced and/or communicated by any educational institution  
for its educational purposes provided that the educational institution  
(or the body that administers it) has given a remuneration notice to  
Copyright Agency Limited (CAL) under the Act.

For details of the CAL licence for educational institutions contact:

Copyright Agency Limited
Level 12, 66 Goulburn Street
Sydney NSW 2000
Telephone: (02) 9394 7600
Facsimile: (02) 9394 7601
Email: memberservices@copyright.com.au

Cambridge University Press has no responsibility for the persistence or  
accuracy of URLs for external or third-party internet websites referred to  
in this publication and does not guarantee that any content on such  
websites is, or will remain, accurate or appropriate.

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … ..

Every effort has been made in preparing this book to provide accurate and up-to-date information that is in accord with 
accepted standards and practice at the time of publication. Although case histories are drawn from actual cases, every effort 
has been made to disguise the identities of the individuals involved. Nevertheless, the authors, editors and publishers can 
make no warranties that the information contained herein is totally free from error, not least because clinical standards are 
constantly changing through research and regulation. The authors, editors and publishers therefore disclaim all liability for 
direct or consequential damages resulting from the use of material contained in this book. Readers are strongly advised to 
pay careful attention to information provided by the manufacturer of any drugs or equipment that they plan to use.

www.cambridge.org/9781108766807
www.cambridge.org


Cambridge University Press
978-1-108-76680-7 — Essential Epidemiology
4th Edition
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

v

Foreword

This is already the fourth edition of Essential Epidemiology! This excellent textbook is the core 

textbook of many undergraduate and graduate programs in epidemiology and public health.

For us at Wageningen University, The Netherlands, this book, which we used to call ‘Webb and 

Bain’, is our background textbook in epidemiology and public health for several undergraduate 

programs on campus and online, from Nutritional Epidemiology to Health and Society. Each 

year we strongly recommend that our ~400 national and international students use this as their 

background textbook.

We have used this book from its first edition since it outlines the key concepts of modern 

epidemiology in an accessible and motivational way, especially for those without a strong 

background in mathematical concepts. It is timely, methodologically strong and encourages 

students to develop independent critical epidemiological reasoning. It therefore covers what we 

want our students to know as the core of epidemiology and public health.

The book is very readable and accessible for individuals from different backgrounds, different 

nationalities and for those whose first language is not English. It is well structured, alternating short 

pieces of text with many illustrations, good examples and useful exercises, making it an attractive 

read, even when, in this online era with many distractions and short attention spans, reading and 

learning from books may be a challenge. One of the biggest compliments for this book in our 

program was given by an international Master’s student who thought epidemiology was far too 

difficult for him. He was discouraged by all the definitions, formulas and concepts (e.g. odds ratio, 

relative risk, incidence, attributable risk). I strongly encouraged him to use this book. Although 

he at first claimed that reading a book was not for him, he took my message seriously, worked 

through the book and passed his exam with flying colours. Afterwards he contacted his classmates 

to recommend this book. He also reminded those from middle- and low-income countries how 

important the contents are for those who need to deal with the steep rise of chronic diseases in 

their countries.

Not only is this book a great support for students to engage in more active learning, it also 

helps us, the teachers. The various examples and exercises in the book as well as the material on 

the companion website, including slides for lectures, are very helpful for further background and 

teaching. The online material also contains recommendations for further reading and links to 

useful websites.

This book makes the field of epidemiology and public health even more fun to work in. We 

need good epidemiologists, especially in this time where smart, efficient but certainly appropriate 

study designs are key, and we need to be able to make sense of ‘big data’. This also makes it a good 

read for those involved in other disciplines, such as medicine and sociology.
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Forewordvi

This fourth edition is again refreshed based on suggestions from students and teachers. 

Compared to the third edition, the text is slightly re-ordered, examples are updated and parts are 

rewritten to improve clarity. In particular, the eBook and online presence are improved, which 

makes it even more accessible to us all.

I am sure you will enjoy it as much as we do in our programs.

Ellen Kampman

Professor of Nutrition and Disease

Division of Human Nutrition and Health

Wageningen University

The Netherlands
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Preface

This book grew out of our collective experience of teaching introductory epidemiology both in 

the classroom and to distance students enrolled in public health and health studies programs in 

what is now the School of Public Health at the University of Queensland. It started as a detailed 

set of course notes we wrote because we could not find a single epidemiology text that covered 

all of the areas we felt were important in sufficient detail. As the notes were to be used primarily 

by distance students, we tried hard to make them accessible, using lots of examples, minimal jargon 

and equations, and by engaging readers in ‘doing’ epidemiology along the way. Feedback from 

students and colleagues convinced us that the notes were both approachable and practical, and the 

result is this text, which we offer as a practical introduction to epidemiology for those who need 

an understanding of health data they meet in their everyday working lives, as well as for those who 

wish to pursue a career in epidemiology.

For the first revision, we listened to the feedback we received from instructors and students, 

and tried to simplify and clarify some of the trickier bits of the original text while maintaining a 

‘hands-on’ approach. New and expanded topics included a look at some of the ways in which we 

measure the burden of disease, deeper discussion of issues relevant to ethics and privacy, appendices 

covering life tables and calculations of confidence intervals for common epidemiological measures, 

and a glossary. With our new co-author Andrew Page, and inspired by colleagues at a workshop on 

methods of teaching epidemiology convened by Professors Diana Safarti and John Lynch at the 

University of Otago, New Zealand in 2014, we injected some more contemporary approaches to 

causal thinking, bias and confounding to the third edition. These changes were most obvious in 

Chapter 4 (study design), which we restructured to show more clearly how each design contrasts 

with the ‘ideal’ (counterfactual) experiment, Chapter 7 (bias) and Chapter 8 (confounding), and 

Chapter 10 (association and causation). We also refined the final chapter, building on the earlier 

material to consider the role and value of epidemiology in translational research.

In this fourth edition, we have updated information relating to real-world public health prob-

lems and programs, and have further refined the material relating to the counterfactual approach to 

causality (Chapter 10) and relating to infectious diseases (Chapters 12 and 13). We have also made a 

number of changes to improve clarity, in response to feedback from reviewers of the previous edi-

tion. The main changes, however, relate to the greatly expanded resources available with this edi-

tion, through the enhanced eBook. In addition to the core text, the eBook includes extra material 

to supplement the text, links to the papers we cite in the book, additional questions and answers, 

information about free analytic software and methodological guidelines, and other useful material.

Our overall aims for the book, however, have remained constant. First, to give students a good 

understanding of the fundamental principles that are common to all areas of epidemiology in a 

very ‘hands-on’ way, including the study of both infectious and chronic diseases as well as public 

health and clinical epidemiology, and to show the essential role of epidemiology in a broad range 

of health monitoring and research activities. Secondly, and perhaps more importantly, we have 

endeavoured to do this in a way that is both approachable and engaging, that minimises math- 

ematical jargon and complex language without sacrificing accuracy, and that encourages study and 

stimulates epidemiological thought.
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Prefacexiv

Chapter 1 is a general introduction that both answers the question ‘what is epidemiology and 

what can it do?’ and presents the main concepts that are the focus of the rest of the book. The 

following chapters are divided into five separate sections. The first of these looks at how we can 

measure disease and the overall burden of disease in a population (Chapter 2), followed by a look 

at the role of descriptive epidemiology in describing health patterns and making a community 

diagnosis (Chapter 3). We then look at the types of study that we use to identify potential causes of 

disease, including a discussion of the potential of record linkage (Chapter 4) and how we quantify 

the associations between cause and outcome (Chapter 5). In the third section, we look at the role 

of chance in epidemiology (Chapter 6), consider the thorny issues of error and bias (Chapter 7) 

and give a practical overview of the problem of confounding (Chapter 8). This leads to the fourth 

section, where we integrate this information in a practical look at how we read and interpret epi-

demiological reports (Chapter 9), think about assessing causation (Chapter 10) and finally synthe-

sise a mass of information into a single review to make practical judgements about the likelihood 

that a relation is causal (Chapter 11). In the final section we look at some specific applications 

of epidemiology, including its role in surveillance (Chapter 12), outbreak control (Chapter 13), 

prevention – including a discussion of how we can assess the effects of different preventive inter-

ventions on the health of a population (Chapter 14) – and screening (Chapter 15). Chapter 16 

concludes by reviewing core concepts of the earlier material to address some of the challenges that 

face an epidemiologist who desires to improve health through ‘translation’ of research into practice. 

It also hints at some of the newer methods that epidemiologists are adopting from other disciplines, 

such as systems science, to help answer complex questions in the real world.

Description
Chapters 2–3 

Alternative
explanations

Chapters 6–8 

Integration &
interpretation
Chapters 9–11

Practical
applications

Chapters 12–15

Association
Chapters 4–5
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How to use this book

This book includes a number of features to enhance learning. These include questions embed-

ded within the text and at the end of each chapter (with full answers provided), text boxes that 

provide additional information about topics of interest, examples of clinical epidemiology and 

more advanced material for those who want this, and a range of other interactive features in the 

eBook. There is also a comprehensive glossary at the end of the book, and we have used a bold 

typeface the first time we use terms that are included in this.

We strongly believe that the best way to learn anything is by actually doing it, and so have 

included questions within the text for those who like to test their understanding as they go. These 

questions will appear in the text as:

Calculate the attack rates for the other foods. Which food has the highest attack rate?

Because we also know how frustrating it is to have to search for answers when you are reading, 

we have provided these immediately following the questions, for those in a hurry to proceed. The 

questions at the end of the chapters also have fully worked answers at the end of the book.

We have used numerous real-life examples from all around the world to illustrate the key 

points and to provide additional insights in some areas. Extra examples that provide added interest 

and complement the main message in the text are given in boxes featuring this symbol:

Many books present clinical epidemiology as a separate discipline from public health epidemi-

ology – a distinction that is strengthened by the fact that clinical epidemiologists have developed 

their own names for many standard epidemiological terms. In practice, all epidemiology is based 

on the same underlying principles, so we have integrated the two approaches throughout the 

book, but we have also highlighted specific examples more relevant to the clinical situation. (Please 

note that this book does not offer a comprehensive coverage of clinical epidemiology; rather, we 

aim to show the similarity of the two areas where they overlap.) Information about clinical epide-

miology appears in boxes with this symbol:

We have deliberately tried to keep the main text free of unnecessary detail and equations, but 

have included some optional epidemiological ‘extras’. This material is not essential to the conti-

nuity of the core text but provides some additional information for those who like to see where 

?

I

C

www.cambridge.org/9781108766807
www.cambridge.org


Cambridge University Press
978-1-108-76680-7 — Essential Epidemiology
4th Edition
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

How to use this bookxviii

things have come from or want a more detailed perspective. More advanced material is presented 

in the book in boxes featuring this symbol.

Further extensions of core material, as well as links to additional resources, the papers that 

we cite in the book, useful websites and epidemiological resources, are provided in the enhanced 

eBook. See How to use your VitalSource eBook for further details.

To help reinforce the core concepts introduced in the book, there are several sets of questions for 

all chapters, other than the first and last. In addition to the questions within the text, there are revision 

questions at the end of the chapters (answers are at the end of the book) and, in the enhanced eBook, 

there are further multiple-choice questions and additional questions (all with full answers). Additional mate-

rial, including a series of exercises that ask the reader to critique published papers and full sets of slides 

for lecturers, are available online at www.cambridge.edu.au/academic/essentialepidemiology.
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How to use your  
VitalSource eBook

Once you have registered your  VitalSource access code (see the inside front cover for instructions), you 

will have access to the enhanced eBook via your VitalSource Bookshelf. The navigation instructions 

below provide a general overview of the primary features used within this enhanced eBook.

Icon

This icon is used throughout the textbook to indicate the presence of an interactive 

component in the eBook. A descriptor below indicates the type of content available.

Navigation and search

Move between pages and sections in multiple ways, including via the 

linked table of contents and the search tool.

Highlight

Highlight text with one click in your 

choice of colours. Add notes to high-

lighted passages.

Links

Explore relevant hyperlinked web and video content to extend your knowledge on the topics 

presented in the book.

Reference links

Where available, links to items in the reference lists are included.
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xx How to use your VitalSource eBook

Questions

Respond to the questions at the end of each 

chapter and use the guided solutions to 
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