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A NOTE TO THE READER

My books are water; those of the great geniuses are wine—everybody drinks
water.

MARK TwAIN (1)

Both fine wines and biostatistics are characterized by complexities and sub-
tleties that are truly appreciated only by the relatively few people who devote the
time to master them. To these readers, we extend our apologies; this book was not
written for you. Rather, it was written for a much larger group of readers: those
who thirst for a basic understanding of statistics, but who do not aspire to appre-
ciate the nuances. This is a book about reporting and interpreting statistical pre-
sentations, not about understanding theories of probabilities or mathematical
concepts. This is a book for water drinkers.

It is exceedingly difficult to explain many statistical concepts in terms that
are both technically accurate and easily understood by those with only a cursory
knowledge of the topic. Thus, if our explanations do not include some of the finer
points of a topic or if they have bypassed some distinction of meaning, it is
because we believe that such fine points and distinctions would detract from an
explanation otherwise adequate for most readers.

The medical examples in this book were created to illustrate statistical con-
cepts. As such, the vast majority are hypothetical and should be accepted as
teaching devices and not as medical fact.

1. Joseph M, editor. Man is the Only Animal that Blushes . . . or Needs to. The Wisdom of Mark Twain. New
York: Random House; 1970.
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FOREWORD

The need for quantitative evidence in medical judgments has been seen
for at least two millennia. In the second century AD, Galen noted that

[the empiricists] say that a thing seen but once cannot be accepted nor
regarded as true, neither what was seen a few times only. They believe
something can only be accepted and considered true, if it has been seen
very many times, and in the same manner every time.

But for centuries this view was almost entirely ignored. Then, a bit more
than 150 years ago, Pierre Charles-Alexandre Louis raised a closely relat-
ed point:

Let us bestow upon observation the care and time which it demands; let
the facts be rigorously analyzed in order to a just appreciation of them;
and it is impossible to attain this without classifying and counting them;
and then therapeutics will advance not less than other branches of sci-
ence.

Louis cannot be considered the father of medical statistics in its present
state, but less than a century passed before the pioneers in modern bio-
logical and medical statistics—Karl Pearson and Ronald Fisher—began to
set standards for quantitative evidence. The power of statistical methods
became clearer and clearer during the following years. Adequate study
design and statistical analysis began to lead to conclusions of great import
for the health of all of us, as in the studies of Wynder and Graham and
Doll and Hill on tobacco smoking and carcinoma of the lung. Today even
the physician who knows nothing about statistical methods expects to
find in reports of clinical trials of drugs statistical evidence for what they
conclude.

Unfortunately, what passes before our eyes as statistical analysis and
reporting does not always represent the proper use of statistical methods
or the clear and adequate reporting of statistical findings. Editors of jour-
nals and their peer reviewers may catch statistical shortcomings in the
papers they consider for publication, but the review system is not always
infallible in judging statistical evidence and how it is presented. Hence,
authors who know their duty to try to meet high standards of scientific
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xiv Foreword

reporting must offer the strongest possible statistical evidence. However,
this by itself is not enough; they must also strive to report this evidence
clearly enough to convince even the most critical readers that the evidence
is reliable and adequate. But up until now, authors have had available lit-
tle published guidance in how to most effectively report their statistical
data. Several biomedical style manuals have carried short sections on pub-
lication style for statistical data, but these have assumed that authors
know enough about statistical reporting to do it clearly and convincingly.
Now Lang and Secic, the authors of this manual, bring valuable specific
and detailed help to authors who wish to make their papers as statistical-
ly convincing as possible. And authors are not the only persons who can
profit from what they recommend. There are also the peer reviewers who
may be uncertain of what standards for statistical reporting they should
apply to papers they review. The same probably can be said of at least
some editors who are ill informed on statistics and who are not fortunate
enough to have statisticians on their staffs. The rest of the medical com-
munity—the readers of journals, other physicians, nurses—will eventual-
ly profit from Lang and Secic’s advice when it is applied by authors and
editors. And most important, there is the benefit that will trickle down in
time to patients, who are the reason why our profession exists.

Edward |J. Huth
Editor Emeritus, Annals of Internal Medicine



PREFACE

Standards governing the content and format of statistical aspects should be
developed to guide authors in the preparation of manuscripts.

J.R. O’FALLON ET AL. (1)

Among the first physicians to have considered the implications of sta-
tistical probability in medical research is Donald Mainland, MD, of
Dalhousie University, Halifax, Canada. He appears to have been the first
to report statistics, in articles published in the Canadian Medical Association
Journal and in the British Medical Journal in the 1930s (2,3). Since then, med-
ical research has increasingly adopted the principles of experimental
design and statistical analysis, with the result that biostatistics has
emerged as a distinct field of study. Biostatistics has been essential in mov-
ing medical research from anecdotal case reports to experiments with con-
trol groups, and finally to the large-scale, randomized controlled trials
that are now the preferred standard for scientific proof.

But there is a problem. Studies of the statistical quality of journal arti-
cles have consistently found high error rates in the application, reporting,
and interpretation of statistical information, in even the most respected
medical journals. Since the first such study—the earliest we found was
published in 1959—error rates as high as 80% have been found, again,
even in major medical journals (4-19). “These reviews [of statistical errors]
reveal a remarkable and depressing consistency, with typically around
fifty percent of reviewed papers being found to contain clear statistical
errors” (20). Further, a large portion of these errors are so great as to cast
doubts on the validity of the author’s conclusions (6, 21).

At the same time, most of these errors are related to topics included in
most introductory statistics books. It seems strange indeed that a problem
seemingly so important, so widespread, and so long-standing should con-
tinue, despite apparently being so basic in nature.

Curiously, despite several calls to the contrary (1, 17, 20, 22-24), no com-
prehensive guidelines or reference books have been available to aid in
statistical reporting. Several sets of general guidelines have been pub-
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Preface

-lished in biomedical journals (20, 25-30), but we believe that they are too

general in nature, too limited in scope, and too specialized in vocabulary
to be useful to most authors and editors. Obviously, statistical reporting
errors will likely continue without the widespread adoption of suitable
reporting guidelines.

Thus, our purpose in writing this book is to provide a set of detailed,
comprehensive, and understandable guidelines for reporting statistical
information in medicine. Further, we tried to make the guidelines more
accessible to nonstatisticians through explanations and examples and by
organizing the guidelines according to how they are used in a text rather
than by the mathematical principles on which they are based.

As a result, this book is not a statistics book in the usual sense. We are
not concerned with teaching research design, statistical theory or meth-
ods, or the calculations of statistical tests. We consider here only the pre-
sentation of statistical information in scientific publications and discuss
some related concepts that should help put these presentations into per-
spective. We urge authors and researchers to collaborate with biostatisti-

" cians in all phases of research, but we also believe that one need not be a

statistician to present or interpret elementary statistics correctly. One does
need ready access to accurate, complete, and understandable information
to do so, however. This book was written to help provide this access.

More than 60 years ago, the same Dr. Mainland who started it all
expressed our hopes for the future of statistical reporting (2):

... progress would be made if some fundamental ideas were more clear-
ly understood, namely, that the principles underlying statistical meth-
ods are relatively simple, that the commonest methods are easy to learn,
that the methods can be used as an instrument without a deep knowl-
edge of their mathematical structure, that the methods do not impart a
fictitious accuracy or an artificial quality to the results, and that these
methods tend very often to show that conclusions are not so definite as
the unaided observer would think they were. If these things were
understood, the methods would be much more commonly used, and,
more important still, workers would come to recognize when they
should appeal to the statistician. This in turn would hasten the coming
of the day when a consultant statistician will be considered necessary in
every medical centre. !

It is a truism of medical writing that in clarifying the meaning, we coinci-
dentally reveal it. If our book will help clarify statistical analyses, it may
also improve the way medical research is conducted and interpreted.

Tom Lang
Michelle Secic
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INTRODUCTION

The presentation of statistical guidelines should not be confused with statistical
education.

S. L. GEORGE (1)

This book is not a statistics book in the usual sense. Rather, it is a
guide to understanding and presenting statistical information. An earlier
draft was titled A Field Guide to the Statistical Flora and Fauna of the
Biomedical Research Paper. That is, we have written a book on wildflower
identification and appreciation and not a book on plant biology, so to
speak.

As indicated by its title, this book was written for authors, editors,
and reviewers who prepare or evaluate biomedical research articles for
publication. It should also be of value to students who are learning about
biostatistics and medical research. It is divided into four parts:

Part 1, Annotated Guidelines for Reporting Statistical Information, is
organized into 15 chapters that correspond to 15 general applications of
biostatistics. These chapters were created to help nonstatisticians find the
appropriate guidelines more easily. The guidelines themselves were
derived from an extensive review of the clinical literature (see the
Bibliography). The guidelines are usually accompanied by explanations,
hypothetical examples, and cautions that aid in understanding, evaluat-
ing, and applying them correctly. Many guidelines are duplicated because
we believe that they should be more readily available to readers than
cross-referencing allows them to be. Authors and editors should refer to
these guidelines when preparing manuscripts for publication.

We stress that these guidelines are just that: guidelines, not require-
ments.

xxi



XXii

Introduction

Part 1 contains guidelines, subguidelines, cautions, methods of check-
ing, and cross-references to related information. For example:

r,—! Subguidelines are given for special cases of the main guideline.

7 '"i Potential probiems  identify possible reporting or interpretation
problems associated with the guideline.
2/} Methods of checking describe ways to verify or to question statistical
presentations.

a}f\l Related information cross-reference supplemental chapters, guide-
lines, tables, and figures within this text.

Part 2, Guide to Statistical Terms and Tests, is designed to help readers
of scientific articles understand statistical information. Entries are descrip-
tions of what the terms or concepts mean in the context of medical
research; they are not intended to be mathematically or theoretically pure
definitions. All are written to be understood by readers with only a basic
knowledge of statistics. Readers who wish more detailed information
should consult statistical texts.

Part 3, An Unannotated, Referenced List of Guidelines, is supplied for
readers already familiar with statistical concepts, who will use the book
primarily as a reference tool in writing, editing, and reviewing scientific
articles. '

Four appendiccs in Part 4 are included to assist in reporting: Appendix
1: Checklists for Reporting Clinical Trials; Appendix 2: Mathematical
Symbols and Notation; Appendix 3: Rules for Presenting Numbers in Text;
and Appendix 4: Spelling of Statistical Terms and Tests.

The bibliography contains the articles and books on which the guide-
lines are based.

The index uses a wide selection of terms and many cross-references to
help readers find information.

REFERENCE

George SL. Statistics in nedical journals: a
survey of current policies and propesals for
editors. Med Pediatr Oncol. 1985;13(2):1109-12



Di1rFERENCES BETWEEN CLINICAL
AND STATISTICAL SIGNIFICANCE

It has been said that a fellow with one leg frozen in ice and the other leg in boil-
ing water is comfortable—on average.
J.M.YANCY (1)

One of the most common errors in reporting and interpreting medical
research is the failure to distinguish between clinical and statistical signif-
icance. (Because in medical writing “significant” is reserved for its statis-
tical meaning, we have used the phrase “clinical importance” throughout
this book to refer to “clinical significance.”) In general, a clinically impor-
tant finding is a conclusion that has implications for patient care. A sta-
tistically significant finding, on the other hand, is a conclusion that there
is evidence against the null hvpothesis-—that there is a low probability of
getting a result as extreme or more extreme than the one observed in the
data, given that the null hypothesis is true.

By itself, a statistically significant finding can have little to do with the
practice of medicine. Similarly, a clinically important finding in a single
case probably does not establish a biological relationship. A finding that is
both clinicaily important and statistically significant is valuable because
we are more likely to believe that the finding is the result of a biological
process shared by a group of patients and that it is perhaps amenable to
measurement, explanation, prediction, and control.

We call to your attention several aspects of the distinction between sta-
tistical significance and clinical importance:

1. Statistical significance essentially reflects the influence of chance on
the outcome; clinical importance reflects the biological value of the out-
come.

In general, small differcnces between large groups can be statistically sig-
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xxiv Differences Between Clinical and Statistical Significance

nificant but clinically meaningless. A difference of 0.02 kg in the weights of
two groups of adults is not likely to have any clinical importance even if
such a difference would have occurred by chance less than 1 time in 100
(P <0.01) or even less than 1 time in 100 000 (P < 0.00001).

It is also true that large differences between small groups can be clinically
important but not statistically significant. In a study of 20 patients in
which even 1 patient dies, the death is clinically important, whether or not
it is statistically significant. The important question is whether the sample
is large enough to detect a clinically important difference if, in fact, such a
difference existed. This question is one of statistical power.

2. Statistics are derived from groups of individuals; medicine is prac-
ticed on specific individuals.

Because statistics is based on probability, not on biology, it is concerned
with populations and not individual patients. Physicians who treat indi-
vidual patients on the basis of medical research are in a real sense “play-
ing the odds”: They are hoping that what has been true for a group of sim-
ilar patients will be true for one particular patient.

3. Statistical conclusions require adequate amounts of data to be valid;
medical decisions must often be made with insufficient data.

Statistical comparisons involving small samples often have low statisti-
cal power. That is, researchers often do not collect enough information to
be reasonably confident to conclude whether, say, a new treatment is as
good as or better than the standard treatment. A study reporting a nega-
tive or statistically nonsignificant result for which the statistical power is
low is actually not negative at all: it is inconclusive. For the same reason,
when no statistically significant differences are found between the baseline
values of small treatment and control groups, it is inappropriate to con-
clude that the groups are equivalent: absence of proof is not proof of
absence.

4. Statistical answers are probabilistic; medical treatment requires com-
mitted decisions.

Statistics incorporates the notion of probability. When a result would be
expected to occur by chance less than, say, 1 time in 1000 (that is,
P <0.001), the result nevertheless could be the result of chance; it is simply
not probable that chance is the explanation. The result obtained in a sam-
ple is also an estimate of what might be expected to occur in the larger
population. Although a 95% confidence interval provides a measure of
precision for this estimated result, it, too, is a probabilistic statement and
not a sure thing.

5. Statistical analysis always requires measurement; medicine some-
times requires intuition.

Science is measurement. Unfortunately, not everything in medical sci-
ence is easily measured: depression, pain, quality of life; even the more



