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The Approach

Preface

This introductory-level biostatistics text is designed for upper-level undergraduate
or graduate students interested in medicine or other health-related areas. It re-
quires no previous background in statistics, and its mathematical level assumes
only a knowledge of algebra.

Fundamentals of Biostatistics evolved from notes that [ have used in a biostatis-
tics course taught to Harvard University undergraduates and Harvard Medical
School students over the past twenty-five years. | wrote this book to help motivate
students to master the statistical methods that are most often used in the medical
literature. From the student’s viewpoint, it is important that the example material
used to develop these methods is representative of what actually exists in the lit-
erature. Therefore, most of the examples and exercises in this book are based either
on actual articles from the medical literature or on actual medical research prob-
lems | have encountered during my consulting experience at the Harvard Medical
School.

Most introductory statistics texts either use a completely nonmathematical, cook-
book approach or develop the material in a rigorous, sophisticated mathematical
framework. In this book, however, | follow an intermediate course, minimizing
the amount of mathematical formulation but giving complete explanations of all
the important concepts. Every new concept in this book is developed systemati-
cally through completely worked-out examples from current medical research
problems. In addition, I introduce computer output where appropriate to illus-
trate these concepts.

I initially wrote this text for the introductory biostatistics course. However, the
field has changed rapidly over the past several years; because of the increased
power of newer statistical packages, we can now perform more sophisticated data
analyses than ever before. Therefore, a second goal of this text is to present these
new techniques at an introductory level so that students can become familiar with
them without having to wade through specialized (and, usually, more advanced)
statistical texts.
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viii  Preface

To differentiate these two goals more clearly, I included most of the content for
the introductory course in the first 12 chapters. I then added a new chapter (Chap-
ter 13), “Design and Analysis Techniques for Epidemiologic Studies.” This new
chapter, together with Chapter 14, “Hypothesis Testing: Person-Time Data,” covers
more advanced statistical techniques used in recent epidemiologic studies.

Changes in the Fifth Edition

For this edition, I have added 11 new sections and substantially revised eight other
sections. Features new to this edition include the following:

#  An expanded set of computer exercises based on real data sets. This edition
contains 23 data sets, which are contained on the disk bound in the back of
the book. For the first time you will find each data set available in the Excel-
readable format, in addition to the Minimas® and ASCII formats found in the
previous edition.

W An additional case study—concerning the effects of cigarette smoking on bone
density—used in several chapters throughout the book.
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New or expanded coverage of the following topics:

ROC curves (Section 3.7.1)
Use of electronic tables based on Microsoft® Excel (Section 4.8.2)
Covariance (Sections 5.6.1 and 11.7)

Expected value and variance of linear combinations of dependent random
variables (Section 5.6.1)

Use of Excel to perform hypothesis tests and obtain confidence intervals
(Chapters 6-14)

Sample size estimation for longitudinal studies (Section 8.11)

The delta method (Section 13.3)

Equivalence studies (Section 13.9)

Meta-analysis (Section 13.8)

Variance-covariance matrix (Section 12.5)

Sample size estimation for correlation coefficients (Section 11.8.4)
Clustered binary data (Section 13.11)

Measurement error methods (Section 13.12)

Power and sample size estimation for person-time data (Sections 14.4
and 14.6)

Sample size estimation for survival analysis (Section 14.12)
One-sample inference for incidence rate data (Section 14.2)

Confidence intervals for incidence rates (Section 14.2)

The new sections and the expanded sections for this edition have been indicated
by an asterisk in the table of contents.



Exercises

Computation Method

Organization

Preface X

This edition contains 1166 exercises (compared with 893 in the previous edition).
All data-set-based problems are included. Problems marked by an asterisk (*) at the
end of each chapter have corresponding brief solutions in the answer section at the
back of the book. Based on requests from students for more completely solved
problems, approximately 600 additional problems are presented in the Study Guide
to Accompany Fundamentals of Biostatistics, 5th edition (ISBN 0-534-37120-5). The
study guide presents a complete solution for each of the problems it contains. In
addition, approximately 100 of these problems are included in a Miscellaneous
Problems section and are randomly ordered so that they are not tied to a specific
chapter in the book. This gives the student additional practice in determining what
method to use in what situation. Finally, the appendix to the Study Guide has a
brief description of the statistical commands in Excel used in this textbook.

The method of handling computations is similar to the fourth edition. All interme-
diate results are carried to full precision (10+ significant digits), even though they
are presented with fewer significant digits (usually 2 or 3) in the text. Thus, inter-
mediate results may seem inconsistent with final results in some instances; this,
however, is not the case.

Fundamentals of Biostatistics, Sth edition, is organized as follows.

Chapter 1 is an introductory chapter that contains an outline of the develop-
ment of an actual medical study with which I was involved. It provides a unique
sense of the role of biostatistics in medical research.

Chapter 2 concerns descriptive statistics and presents all the major numeric and
graphic tools used for displaying medical data. This chapter is especially important
for both consumers and producers of medical literature because much actual com-
munication of information is accomplished via descriptive material.

Chapters 3 through 5 discuss probability. The basic principles of probability
are developed, and the most common probability distributions—such as the bino-
mial and normal distributions—are introduced. These distributions are used exten-
sively in later chapters of the book.

Chapters 6 through 10 cover some of the basic methods of statistical inference.

Chapter 6 introduces the concept of drawing random samples from popula-
tions. The difficult notion of a sampling distribution is developed and includes an
introduction to the most common sampling distributions, such as the t and chi-
square distributions. The basic methods of estimation, including an extensive dis-
cussion of confidence intervals, are also presented.

Chapters 7 and 8 contain the basic principles of hypothesis testing. The most
elementary hypothesis tests for normally distributed data, such as the ¢ test, are
also fully discussed for one- and two-sample problems.
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Chapter 9 covers the basic principles of nonparametric statistics. The assump-
tions of normality are relaxed, and distribution-free analogues are developed for
the tests in Chapters 7 and 8.

Chapter 10 contains the basic concepts of hypothesis testing as applied to cat-
egorical data, including some of the most widely used statistical procedures, such
as the chi-square test and Fisher’s exact test.

Chapter 11 develops the principles of regression analysis. The case of simple
linear regression is thoroughly covered, and extensions are provided for the mul-
tiple regression case. Important sections on goodness-of-fit of regression models are
also included. Finally, rank correlation is introduced.

Chapter 12 introduces the basic principles of the analysis of variance (ANOVA).
The one-way analysis of variance fixed and random effects models are discussed. In
addition, two-way ANOVA and the analysis of covariance are covered. Finally, we
discuss nonparametric approaches to one-way ANOVA.

Chapter 13 discusses methods of design and analysis for epidemiologic studies.
The most important study designs, including the prospective study, the case-
control study, the cross-sectional study, and the cross-over design are introduced.
The concept of a confounding variable—that is, a variable related to both the dis-
ease and the exposure variable—is introduced, and methods for controlling for
confounding, which include the Mantel-Haenszel test and multiple-logistic regres-
sion, are discussed in detail. This discussion is followed by the exploration of top-
ics of current interest in epidemiologic data analysis, including: meta-analysis (the
combination of results from more than one study); correlated binary data tech-
niques (techniques that can be applied when replicate measures, such as data from
multiple teeth from the same person, are available for an individual); measurement
error methods (useful when there is substantial measurement error in the exposure
data collected); and equivalence studies (whose objective it is to establish
bioequivalence between two treatment modalities rather than that one treatment
is superior to the other).

Chapter 14 introduces methods of analysis for person-time data. The methods
covered in this chapter include those for incidence-rate data, as well as several
methods of survival analysis: the Kaplan-Meier survival curve estimator, the log
rank test, and the Cox proportional hazards model.

Throughout the text—particularly in Chapter 13—I discuss the elements of
study designs, including the concepts of matching; cohort studies; case-control
studies; retrospective studies; prospective studies; and the sensitivity, specificity,
and predictive value of screening tests. These designs are presented in the context
of actual samples. In addition, Chapters 7, 8, 10, 11, 13, and 14 contain specific
sections on sample-size estimation for different statistical situations.

A flowchart of appropriate methods of statistical inference (see pages 776-780)
is a handy reference guide to the methods developed in this book. At the end of
each of Chapters 7 through 14, I refer students to this flowchart in order to give
them some perspective on how the methods discussed in a given chapter fit in
with all the other statistical methods introduced in this book.

In addition, I have provided an index of applications, grouped by medical spe-
cialty, that summarizes all the examples and problems that this book covers.
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