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Case-Control Studies

The case-control approach is a powerful method for investigating factors that may
explain a particular event. It is extensively used in epidemiology to study disease
incidence, one of the best-known examples being the investigation by Bradford Hill
and Doll of the possible connection between cigarette smoking and lung cancer. More
recently, case-control studies have been increasingly used in other fields, including
sociology and econometrics.

With a particular focus on statistical analysis, this book is ideal for applied and
theoretical statisticians wanting an up-to-date introduction to the field. It covers the
fundamentals of case-control study design and analysis as well as more recent
developments, including two-stage studies, case-only studies, and methods for
case-control sampling in time. The latter have important applications in large
prospective cohorts that require case-control sampling designs to make efficient use of
resources. More theoretical background is provided in an appendix for those new to
the field.
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D. R. COX is one of the world’s pre-eminent statisticians. His work on the proportional
hazards regression model is one of the most-cited and most influential papers in
modern statistics. In 2010 he won the Copley Medal of the Royal Society ‘for his
seminal contributions to the theory and application of statistics’. He is currently an
Honorary Fellow at Nuffield College, Oxford.
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Preface

The retrospective case-control approach provides a powerful method for
studying rare events and their dependence on explanatory features. The
method is extensively used in epidemiology to study disease incidence, one
of the best known and early examples being the investigation by Bradford
Hill and Doll of the possible impact of smoking and pollution on lung
cancer. More recently the approach has been ever more widely used, by
no means only in an epidemiological setting. There have also been various
extensions of the method.

A definitive account in an epidemiological context was given by Breslow
and Day in 1980 and their book remains a key source with many important
insights. Our book is addressed to a somewhat more statistical readership
and aims to cover recent developments. There is an emphasis on the analysis
of data arising in case-control studies, but we also focus in a number of
places on design issues. We have tried to make the book reasonably self-
contained; some familiarity with simple statistical methods and theory is
assumed, however. Many methods described in the book rely on the use
of maximum likelihood estimation, and the extension of this to pseudo-
likelihoods is required in the later chapters. We have therefore included an
appendix outlining some theoretical details.

There is an enormous statistical literature on case-control studies. Some
of the most important fundamental work appeared in the late 1970s, while
the later 1980s and the 1990s saw the establishment of methods for case-
control sampling in time. The latter have important applications in large
prospective cohorts which collect large amounts of information, for exam-
ple biological samples, but which require case-control sampling designs to
make efficient use of resources. There continue to appear in the literature
many innovations in case-control study design and, in particular, method-
ology covering a wide range of areas.

We hope that the book will be useful both to applied and to theoretical
statisticians wanting an introduction to the field. Parts of it might be useful
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X Preface

as a basis for a short course for postgraduate students, although we have
not written with that use specifically in mind.

The EPIC-Norfolk study provided some examples; we are grateful for
permission to use this data and thank the staff and participants of the study.

We are grateful for very helpful comments on an initial draft from
the following colleagues and friends: Amy Berrington de Gonzalez, Vern
Farewell, Chris Keogh and Ian White. We are very grateful also to Di-
ana Gillooly at Cambridge University Press for her encouragement and
helpful advice and to Susan Parkinson for her meticulous and constructive
copy-editing.

Ruth Keogh and David Cox
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