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ERRATA 

Page 47, line 8, should read ". . . in each age group in 1970,. . ." 
Page 60, line 21, should read ". . . lines are larger than would be expected.. ." 
Page 61, line 3, should read ". . . x = UK (Birmingham);. . ." 
Page 75, line 33, should read "(1 x 0.2 + 6 x 0.1)/(1 x 0.2 + 3 x 0.3 + 6 x 0.1 

+ 18 x 0.4) = 0.0899" 

Page 76, line 2, should read "62.5 x 0.0899 + 74.1 x 0.9101 = 73.0%" 
line 5, should read "73.0 % of cancers by eliminating smoking, 60.6 % by. . . 7 7  

Page 94, line 25, should read ". . . with both E and disease, then we should be.. ." 
Page 141, line 4, delete the sentence beginning "Its only major drawback.. ." 
Page 167, last line, shou.ld read ". . . = 0.98 corresponding to. . ." 
Page 174, line 9, should read 

3 7 7  Page 180, last line, fourth box should read "- 
M+ 1 

Page 200, line 22, should read ". . . variables x = (x, . . ., xK)" 
last line, should read "x* and x of risk variables is" 

Page 201, line 1, should read ". . . with a standard (x = 0)" 

Page 203, line 12, should read 
pr(z= 1 1  y =  l,x)pr(y= 1 lx) 

- - 
pr(z=ll y=  O,x)pr(y=O 1 x)+pr(z= 11 y= l,x)pr(y= 1 Ix) 

Page 204, line 21, should read " p = C-' (pl po)." 
and throughout, P should read $ 
line 17, should read "(Truett, Cornfield & Kannel, 1967)" 
line 24, should read ". . . in place of pl,po andC ," 
last line, should read ". . . likelihood.. ." 

CI 

Page 205, line 1, should read ". . . and covariances for $ generated. . ." 
line 18, should read ". . . $ parameters of interest." 

Page 206, line 28, should read ". . . The a and the $3 are the.. ." 
line 32, should read ". . . which are often denoted d and $ ," 



Page 207, line 1, should read ". .. S = S(a,P), while ..." 8% 

line 2, should read ". . . denoted I = I(a,P)." 
line 5, should read "Covariance matrix for (a$) = I-I (a,P)." 
line 6, should read ". . . as the value a,P for which.. ." 

Page 212, last line, last column, should read "-0.125 + 0.189" 

Page 218, line 16, should read ". . . see Table 4.2)," 

Page 225, line 8, should read ". . . of a parameters in (6.12)" 

Page 229, line 7, should read "(G3-G, = 0.4, p = 0.5; G3-G, = 2.1, p = 0.15)" 

Page 244, line 24, should read "1. Am. stat. Assoc., 73, " 

Page 245, last two lines, should read "ji," and "p," 
insert before line beginning pk: "P vector of log relative risks 
associated with a vector x of risk factors" 

Page 249, line 33, should read ". . . to all cells in the 2 x 2 x I dimensional.. ." 
Pages 284-289, first column heading should read "YEAR OF BIRTH" 

Page 3 14, line 15, should read "16 IF(CC(NDIAG).EQ.OOO)GOTO 11" 
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FOREWORD 

Epidemiological and biostatistical studies o n  cancer and other chronic diseases have 
expanded markedly since the 1950s. Moreover, as recognition of the role of environ- 
mental factors in human cancer has increased, there has been a need to develop more 
sophisticated approaches to identify potential etiological factors in populations living 
in a wide variety of environments and under very different socioeconomic conditions. 

Developnzents in many countries have required that appropriate governmental agen- 
cies establish regulations to  control environmental cancer hazards. Such regulations 
may, however, have considerable social and economic impacts, which require that they 
be based on careful risk-benefit analyses. Epidemiological studies provide the only 
definitive information as to  the degree of risk in  man. Since malignant diseases are 
clearly of multifactorial origin, their investigation in man has become increasingly 
complex, and epidemiological and biostatistical studies on cancer require a correspond- 
ingly complex and rigorous methodology. Studies such as these are essential to the 
development of programmes of  cancer control and prevention. 

Dr N.E. Breslow and Dr N.E. Day and their colleagues are to be commended on. 
this volume, which should prove of value not only to established workers but also to all 
who wish to  become acquainted with the general principles of case-control studies, 
which are the basis of modern cancer epidemiology. 

John Higginson, M.D. 
Director, 
International Agency for Research 
on Cancer, Lyon, France 



PREFACE 

Twenty years have elapsed since Mantel and Haenszel published their seminal article 
on statistical aspects of the analysis of data from case-control studies. Their methodology 
has been used by thousands of epidemiologists and statisticians investigating the causes 
and cures of cancer and other diseases. Their article is one of the most frequently cited 
in the epidemiological literature, and there is no indication that its influence is on the 
wane; on the contrary, with the increasing recognition of the value of the case-control 
approach in etiological research, the related statistical concepts seem certain to gain 
even wider acceptance and use. 

The last two decades have also witnessed important developments in biostatistical 
theory. Especially notable are the log-linear and logistic models created to analyse 
categorical data, and the related proportional hazards model for survival time studies. 
These developments complement the work done in the 1920s and 1930s which provided 
a unified approach to continuous data via the analysis of variance and multiple regres- 
sion. Much of this progress in methodology has been stimulated by advances in computer 
technology and availability. Since it is now possible to perform multivariate analyses of 
large data files with relative ease, the investigator is encouraged to conduct a range of 
exploratory analyses which would have been unthinkable a few years ago. 

The purpose of this monograph is to place these new tools in the hands of the 
practising statistician or epidemiologist, illustrating them by application to bona fide 
sets of epidemiological data. Although our examples are drawn almost exclusively from 
the field of cancer epidemiology, in fact the discussion applies to all types of case- 
control studies, as well as to other investigations involving matched, stratified or un- 
structured sets of data with binary responses. The theme is, above all, one of unity. 
While much of the recent literature has focused on the contrast between the cohort 
and case-control approaches to epidemiological research, we emphasize that they in 
fact share a common conceptual foundation, so that, in consequence, the statistical 
methodology appropriate to one can be carried over to the other with little or no change. 
To be sure, the case-control differs from the cohort study as regards size, duration and, 
most importantly, the problems of bias arising from case selection and from the ascertain- 
ment of exposure histories, whether by interview or other retrospective means. Never- 
theless, the statistical models used to characterize incidence rates and their association 
with exposure to various environmental or genetic risk factors are identical for the two 
approaches, and this common feature largely extends to methods of analysis. 

Another feature of our pursuit of unity is to bring together various methods for 
analysis of case-control data which have appeared in widely scattered locations in the 
epidemiological and statistical literature. Since publication of the Mantel-Haenszel 
procedures, numerous specializations and extensions have been worked out for particu- 
lar types of data collected from various study designs, including: 1-1 matching with 
binary and polytomous risk factors; 1 :M matching with binary risk factors; regression 
models for series of 2 x 2 tables; and multivariate analyses based on the logistic func- 
tion. All these proposed methods of analysis, including the original approach based on 
stratification of the data, are described here in a common conceptual framework. 

A second major theme of this monograph is flexibility. Many investigators, once they 
have collected their data according to some specified design, have felt trapped by the 



intransigences of the analytical methods apparently available to them. This has been a 
particular problem for matched studies. Previously published methods for analysis of 
1 :M matched data, for example, make little mention of what to do if fewer controls are 
found for some cases, or how to account for confounding variables not incorporated in 
the design. The tendency has therefore been to ignore the matching in some forms of 
analysis, which may result in considerable bias, or to restrict the analysis to a subset of 
the matched pairs or sets, thus throwing away valuable data. Such practices are no 
longer necessary nor defensible now that flexible analytical tools are available, in particu- 
lar those based on the conditional logistic regression model for matched data. 

These same investigators may have felt compelled to use a matched design in the 
first place in order simultaneously to control the effects of several potential confound- 
ing variables. We show here that such effects can often be handled adequately by in- 
corporation of a few confounding variables in an appropriate regression analysis. Thus, 
there is now a greater range of possibilities for the control of confounding variables, 
either by design or analysis. 

From our experiences of working with cancer epidemiologists in many different 
countries, on projects wholly or partly supported by the International Agency for 
Research on Cancer, we recognize that not all researchers will have access to the latest 
computer technology. Even if such equipment is available at his home institution, an 
investigator may well find himself out in the field wanting to conduct preliminary anal- 
yses of his data using just a pocket calculator; hence we have attempted to distinguish 
between analyses which require a computer and those which can be performed by hand. 
Indeed, discussion of the methods which require computer support is found mostly in 
the last two chapters. 

One important aspect of the case-control study, which receives only minimal attention 
here, is its design. While we emphasize repeatedly the necessity of accounting for the 
particular design in the analysis, little formal discussion is provided on how to choose 
between various designs. There are at least two reasons for this restriction in scope. 
First, the statistical methodology for estimation of the relative risk now seems to have 
reached a fairly stable period in its development. Further significant advances in this 
field are likely to take place from a perspective which is quite different from that taken 
so far, for instance using cluster analysis techniques. Secondly, there are major issues in 
the design of such studies which have yet to be resolved completely; these include the 
choice of appropriate cases and controls, the extent to which individual matching should 
be used, and the selection of variables to be measured. While an understanding of the 
relevant statistical concepts is necessary for such design planning, it is not sufficient. 
Good knowledge of the particular subject matter is also required in order to answer 
such design questions as: What factors are, liable to be confounders? How important are 
differences in recall likely to be between cases and controls? Will the exposure in- 
fluence the probability of diagnosis of disease? Are other diseases liable to be related to 
the same exposure? 

We are indebted to Professor Cole for providing an introductory chapter which reviews 
the role of the case-control study in cancer epidemiology and briefly discusses some 
of these issues. 

N. E. Breslow and N. E. Day 
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LISTS OF SYMBOLS 

To aid the less mathematically inclined reader we provide detailed descriptions of 
the various characters and symbols used in the text and in formulae. These are listed 
in order of appearance at the end of each chapter. You will notice that some letters or  
symbols have two different meanings, but these usually occur in different chapters; 
it will be clear from the context which meaning is intended. 

The following mathematical symbols occur in several chapters: 
x denotes multiplication: 3 x 4 = 12 
2 summation symbol: for a singly subscripted array of I numbers {xi), 

I 
2 or Zixi = xl + . . . + XI. For a doubly subscripted array {xij), Zixij denotes sum- 
i =  1 

mation over the i subscript xlj + . . . + xlj, while Z% denotes double summation 
over both indices. 

1 

I7 product symbol. For a singly subscripted array of I numbers {xi), Il xi or nixi  = 
I =  1 

X1 x Xz X ... X XI. 

log the natural logarithm (to the base e) of the quantity which follows, which may or 
may not be enclosed in parentheses. 

exp the exponential transform (inverse of log) of the quantity which follows, which 
is usually enclosed in parentheses. 


