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Preface
The development and use of statistical methods has grown exponentially over the last two
decades. Nowhere is this more evident than in their application to biostatistics and, in particular, to clinical medical research. To keep abreast with the rapid pace of development,
the journal Statistics in Medicine alone is published 24 times a year. Here and in other
journals, books and professional meetings, new theory and methods are constantly presented.
However, the transitions of the new methods to actual use are not always as rapid. There
are problems and obstacles. In such an applied interdisciplinary eld as biostatistics, in which
even the simplest study often involves teams of researchers with varying backgrounds and
which can generate massive complicated data sets, new methods, no matter how powerful and
robust, are of limited use unless they are clearly understood by practitioners, both clinical and
biostatistical, and are available with well-documented computer software.
In response to these needs Statistics in Medicine initiated in 1996 the inclusion of tutorials
in biostatistics. The main objective of these tutorials is to generate, in a timely manner, brief
well-written articles on biostatistical methods; these should be complete enough so that the
methods presented are accessible to a broad audience, with sucient information given to
enable readers to understand when the methods are appropriate, to evaluate applications and,
most importantly, to use the methods in their own research.
At rst tutorials were solicited from major methodologists. Later, both solicited and unsolicited articles were, and are still, developed and published. In all cases major researchers,
methodologists and practitioners wrote and continue to write the tutorials. Authors are guided
by four goals. The rst is to develop an introduction suitable for a well-dened audience (the
broader the audience the better). The second is to supply sucient references to the literature
so that the readers can go beyond the tutorial to nd out more about the methods. The referenced literature is, however, not expected to constitute a major literature review. The third
goal is to supply sucient computer examples, including code and output, so that the reader
can see what is needed to implement the methods. The nal goal is to make sure the reader
can judge applications of the methods and apply the methods. The tutorials have become extremely popular and heavily referenced, attesting to their usefulness. To further enhance their
availability and usefulness, we have gathered a number of these tutorials and present them in
this two-volume set.
Each volume has a brief preface introducing the reader to the aims and contents of the
tutorials. Here we present an even briefer summary. We have arranged the tutorials by subject
matter, starting in Volume 1 with 18 tutorials on statistical methods applicable to clinical
studies, both observational studies and controlled clinical trials. Two tutorials discussing the
computation of epidemiological rates such as prevalence, incidence and lifetime rates for
cohort studies and capture–recapture settings begin the volume. Propensity score adjustment
methods and agreement statistics such as the kappa statistic are dealt with in the next two
tutorials. A series of tutorials on survival analysis methods applicable to observational study
data are next. We then present ve tutorials on the development of prognostics or clinical
prediction models. Finally, there are six tutorials on clinical trials. These range from designing
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PREFACE

and analysing dose response studies and Bayesian data monitoring to analysis of longitudinal
data and generating simple summary statistics from longitudinal data. All these are in the
context of clinical trials. In all tutorials, the readers is given guidance on the proper use of
methods.
The subject-matter headings of Volume 1 are, we believe, appropriate to the methods. The
tutorials are, however, often broader. For example, the tutorials on the kappa statistics and
survival analysis are useful not only for observational studies, but also for controlled clinical
studies. The reader will, we believe, quickly see the breadth of the methods.
Volume 2 contains 16 tutorials devoted to the analysis of complex medical data. First, we
present tutorials relevant to single data sets. Seven tutorials give extensive introductions to and
discussions of generalized estimating equations, hierarchical modelling and mixed modelling.
A tutorial on likelihood methods closes the discussion of single data sets. Next, two extensive tutorials cover the concepts of meta-analysis, ranging from the simplest conception of a
xed eects model to random eects models, Bayesian modelling and highly involved models
involving multivariate regression and meta-regression. Genetic data methods are covered in
the next three tutorials. Statisticians must become familiar with the issues and methods relevant to genetics. These tutorials oer a good starting point. The next two tutorials deal with
the major task of data reduction for functional magnetic resonance imaging data and disease
mapping data, covering the complex data methods required by multivariate data. Complex and
thorough statistical analyses are of no use if researchers cannot present results in a meaningful
and usable form to audiences beyond those who understand statistical methods and complexities. Reader should nd the methods for presenting such results discussed in the nal tutorial
simple to understand.
Before closing this preface to the two volumes we must state a disclaimer. Not all the
tutorials that are in these two volumes appeared as tutorials. Three were regular articles.
These are in the spirit of tutorials and t well within the theme of the volumes.
We hope that readers enjoy the tutorials and nd them benecial and useful.
RALPH B. D’AGOSTINO, SR. EDITOR
Boston University
Harvard Clinical Research Institute

Preface to Volume 1
This rst volume of Tutorials in Biostatistics is devoted to statistical methods in clinical
research. By this we mean statistical methods applied to medical problems involving human
beings, either as members of populations or groups in observational and epidemiological
research or as participants in clinical trials. The tutorials are divided into three parts. Here
we briey mention the general themes of each part and the articles within them.
Part I is on observational studies and epidemiology. These articles clarify the uniqueness
and complications that arise from observational data and present methods to obtain meaningful
and unbiased inferences. Section 1.1 is devoted to epidemiology and contains two tutorials.
The rst, by Beiser, D’Agostino, Seshadri, Sullivan and Wolf, presents a thorough discussion
of epidemiological event rates such as incidence rates and lifetime risks, claries issues such
as competing risks in the calculation of these rates and includes computer programs to carry
out computations. The second tutorial, by Chao, Tsay, Lin, Shau and Chao, describes the
computation of epidemiological rates for capture-recapture data such as would be obtained
from multiple surveys attempting to estimate the disease prevalence rate for, say, hepatitis A
virus or diabetes in a population. The issue of minimizing biases is discussed. Section 1.2, on
adjustment methods, contains one article by Ralph D’Agostino, Jr., on the use of propensity
scores for reducing bias in treatment comparisons from observational studies. This tutorial
has become a standard reference for propensity scoring. The article from Section 1.3, on
agreement statistics, by Kraemer, Periyakoil and Noda, covers in detail the use of the kappa
statistic in medical research.
Section 1.4 presents three tutorials devoted to survival methods applicable to observational
studies. First, Bull and Spiegelhalter clearly identify the complications and other issues involved in using survival methods in observational studies (in contrast to clinical trials). Interval
estimation and binary outcomes in longitudinal studies are then developed in the next two tutorials by Lindsey and Ryan and by Carlin, Wolfe, Coey and Patton. The latter two tutorials
have uses beyond survival analysis in observational studies. We group them in this part of
the volume mainly for convenience. The reader should quickly see the broader applicability
of the methods and not be limited by our classication.
Part II is concerned with prognostic/clinical prediction models and contains two sections.
Here the aim is to present methods for developing mathematical models that can be used to
identify people at risk for an outcome such as the development of heart disease or for the
prognosis of subjects with certain clinical characteristics such as cancer tumour size. Some
of these tutorials have become major references for clinical prediction model development.
Section 2.1 contains one article by Mazumdar and Glassman on categorizing prognostic variables. The question is often how best to dichotomize a diagnostic variable so that it can be
used in a clinical setting. Issues such as multiple testing often render useless such ’obvious’
methods as trying to nd the best cut point. A careful review of the eld is presented and
helpful suggestions abound.
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Section 2.2, ‘Prognostic/Clinical Prediction Models’, presents in four detailed tutorials methods for developing and evaluating multivariable clinical prediction models. The rst, by
D’Agostino, Belanger, Markson, Kelly-Hayes and Wolf, illustrates how to deal with a large
set of potentially useful prediction variables. Methods such as principal components analysis
and hierarchical variable selection methods for survival analysis are highlighted. The next two
articles have Frank Harrell as the rst author and deal in detail with developing prediction
models for time to event, binary and ordinal outcomes. (The rst is authored by Harrel, Lee
and Mark, and the second by Harrell, Margolis, Gove, Mason, Mulholland, Lehmann, Muhe,
Gatchalian and Eichenwald.) Questions of model development are explored completely, as
are issues of making predictions and concerns about validation. The last tutorial in Section
2.2 deals with estimating prognosis based on observational data such as are obtainable in a
registry. It is authored by DeLong, Nelson, Wong, Pryor, Peterson, Lee, Mark, Cali and
Pauker. These four tutorials are among the best literature sources for the development and
appropriate use of clinical prediction models.
Part III is on clinical trials and contains three sections. While given as tutorials, the articles
of this section are innovative in understanding as well as in the presentation of the issues and
methods. Section 3.1 contains a clever article by Wong and Lachenbruch on the optimal design
of dose response studies. Section 3.2, on monitoring in clinical trails, contains an article on
Bayesian data monitoring by Fayers, Ashby and Parmar pointing to the benets of a Bayesian
analysis even in this setting. Section 3.3 contains four articles on analysis. These bring together
ideas and methods available for use, but not presented elsewhere with such completeness and
clear focus. They ll a serious void and add wonderfully to the eld. The rst, by Albert, deals
with longitudinal clinical trial data analysis. The second, by Senn, Stevens and Chaturvedi,
deals with generating simple summary numbers from repeated measures studies so that the
analysis and interpretations of the study are intuitive and meaningful. The next article, by
Agresti and Hartzel, concerns binary data from multi-centre trials. Lastly, Chuang-Stein and
Agresti discuss dose responses with ordinal data.
We hope these 18 tutorials will be of use to readers.

Part I
OBSERVATIONAL
STUDIES/
EPIDEMIOLOGY

1.1 Epidemiology
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