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Great rivers of the world, such as the Nile, Amazon, and Mekong, have sources that are modest by comparison to the flood seen eventually far downstream.  As I hope to explain, so too with Jerome Cornfield’s influential paper [
], which is acknowledged to be the origin of the idea that case-control studies can provide an efficient means of estimating the relative risk of disease, as opposed to what otherwise could be obtained directly from the more-time consuming approach of a follow-up study [
].  
Cornfield’s work arose from the scientific controversy in the 1950s over cigarette smoking, which at the time was under scrutiny as a possible cause of lung cancer.  The resulting studies, and arguments for and against causation, laid the foundation for epidemiologic methods and reasoning now used routinely to assess environmental and genetic factors that give rise to disease or diminish its occurrence.  In the midst of the uncertainty in 1954, Harold Dorn, an eminent epidemiologist at the U.S. National Institutes of Health (NIH) and the man who recruited Cornfield from the Bureau of Labor Statistics to the NIH in 1947 [
,
], wrote the following [
]:
“Two years ago cancer of the lung was an unfamiliar and little discussed disease outside the pages of medical journals. Today it is a common topic of discussion, apparently throughout the entire world. The news-papers, radio, television, popular magazines, business and trade journals vie with medical journals for the last word on the relationship of lung cancer and the use of tobacco. This topic has become the featured subject on the program of almost every up-to-date and alert organization interested in medical and health problems. 
It is difficult to think of another disease which has sprung so quickly from obscurity to world-wide consciousness. Perhaps the last prior example was influenza in 1918 but this was due to a world-wide epidemic.” 
…

 “Most of the evidence for an association between the use of tobacco and cancer of the lung is based upon a comparison of the smoking habits of persons with lung cancer and persons without lung cancer. These studies usually have been conducted in the following manner. Patients with cancer of the lung admitted to a single hospital, or, more rarely, those from several hospitals are questioned concerning their smoking habits. The same questions are asked of a group of “control” patients, that is persons without cancer of the lung admitted to the same hospitals.”

In reviewing findings from 14 case-control studies, Dorn noted that what had been reported was the percentage of persons with or without lung cancer who smoke, as opposed to the proportion of persons who develop lung cancer among smokers and nonsmokers.  He went on to say that:
“Without additional data the above question [“is the risk of developing lung cancer greater for smokers than for nonsmokers?”] cannot be answered by the data in Table 1. If we are willing to assume that the persons with lung cancer are a representative sample of all persons who develop lung cancer and that the persons without lung cancer are a representative sample of persons without lung cancer, at least insofar as smoking history and exposure to other agents capable of causing lung cancer are concerned, it is possible to estimate the relative risk of developing lung cancer for the two groups (17). The estimated relative risk of lung cancer is shown in columns 10 and 11 of Table 1.”  [my emphasis in italics]
Dorn’s citation number 17 is the 1951 paper by Jerome Cornfield.  Fifty years later Colin White wrote as follows [
]:

“In 1951, Cornfield showed that the estimates from case-control studies were much more informative than had been previously supposed [107]. In the case of smoking and lung cancer, for example, the obvious estimates are the proportions of smokers among the cases and also among the controls. These may readily be converted, however, to an estimate which is more illuminating, namely the risk of lung cancer among smokers relative to the risk among non-smokers. The higher this relative risk, the less likely is it that an apparent effect of smoking can be explained as an artifact due to confounding. This likelihood was the basis of one of the arguments used by Cornfield in criticizing Berkson's dependence on risk differences, rather than risk ratios, in judging the effect of smoking on the etiology of lung cancer.”
White’s reference number 107 likewise refers to the 1951 paper written by Cornfield, which is the subject of this commentary.  
Cornfield’s original insight arose from applying elementary probability theory to derive an algebraic formula in which the ratio of the odds of exposure in diseased vs. non-diseased persons, based on a case-control study, was shown to closely approximate the ratio of the risk of disease in exposed vs. non‑exposed individuals based on a follow-up study.  
Using Cornfield’s notation, let p1 denote the proportion “exposed” (e.g., cigarette smokers) among those with the disease of interest (e.g., lung cancer), and let p2 denote the corresponding proportion “exposed” among those free of the disease.  For persons with disease, the quantity p1/(1 – p1) represents the  odds of exposure; likewise, the quantity p2/(1 – p2) represents the corresponding odds of exposure in those free of the disease.  

Let P1 denote the proportion of diseased persons arising over a period of time among those exposed and, correspondingly, let P2 denote the proportion arising over the same period of time among those unexposed.  Cornfield demonstrated that the relative risk (P1 / P2) could be approximated closely by the odds ratio:
P1 / P2 ~ [p1/(1 – p1)] / [p2/(1 – p2)]
Of course, as implied by Dorn, what was possible to do after Cornfield’s demonstration in 1951, namely, estimate the relative risk of disease from case-control data, had already been done before … by Doll and Hill in the 1950 report of their study on smoking and lung cancer [
, p.746].  
“If it be assumed that the patients without carcinoma of the lung who lived in Greater London at the time of their interview are typical of the inhabitants of Greater London with regard to their smoking habits, then the number of people in London smoking different amounts of tobacco can be estimated.  Ratios can then be obtained between the numbers of patients seen with carcinoma of the lung and the estimated populations at risk who have smoked comparable amounts of tobacco. This has been done for each age group, and the results are shown in Table XIV. It must be stressed that the ratios shown in this table are not measures of the actual risks of developing carcinoma of the lung, but are put forward very tentatively as proportional to these risks. 

“Thus Table XIV shows clearly, and for each age group, the conclusion previously reached −  that the risk of developing carcinoma of the lung increases steadily as the amount smoked increases. If the risk among non-smokers is taken as unity and the resulting ratios in the three age groups in which a large number of patients were interviewed (ages 45 to 74) are averaged, the relative risks become 6, 19, 26, 49, and 65 when the number of cigarettes smoked a day are 3, 10, 20, 35, and, say, 60 − that is, the mid-points of each smoking group. In other words, on the admittedly speculative assumptions we have made, the risk seems to vary in approximately simple proportion with the amount smoked.” [my emphasis in italics]
The first two sentences, quoted above, sets forth the identical logic and method as that used by Cornfield; results in the odds ratio as an estimate of relative risk; and accounts for other covariates, such as age and dose of exposure.  Although the term “relative risk” is mentioned by Doll and Hill, “odds ratio” is not.
Returning to Cornfield’s enormously influential paper, what is surprising about it, apart from giving rise to the odds ratio as an estimate of relative risk based on case-control studies, is that Cornfield:
· Makes no mention of the terms “relative risk” or “odds ratio”.
· Acknowledges that the risk difference, not the risk ratio, is an index of “the strength of association”.
· Conflates “prevalence” with “incidence”.
· Uses “percentage” and “rate” interchangeably.
· Does not advocate the relative risk as a measure of etiologic effect, much less a measure to be used in preference to the risk difference.
· Places major emphasis, by way of examples, on having an estimate of the baseline risk of disease available for the population from which cases and controls derive, thereby obviating the need for using the odds ratio as an estimate of relative risk from a case-control study, because an estimate of absolute risk in exposed and unexposed individuals can be directly calculated.
· Places major emphasis on “representative samples”.
· Equates “tests of significance,” due to R.A. Fisher, with “confidence limits,” due to J. Neyman and E. Pearson, two different statistical methodologies of adversaries (Fisher vs. Neyman).
· Did not present a method for testing the statistical significance of an estimated odds ratio, or propose a method for setting confidence limits on the odds ratio.
· Expresses reservation about the (now) well-established inverse relationship between breast cancer incidence and increasing number of pregnancies, calculated by Major Greenwood, because of an apparently unrepresentative sample of controls in the study by Lane-Claypon.
Despite its methodological importance and eventual influence, Cornfield’s 1951 paper was only the beginning of his contributions to the case-control method, and should be viewed in this context, similar to finding a small stream that is the source of a major river.  
Cornfield provided an explicit algebraic expression for the algorithm earlier expressed in words by Doll and Hill, and he clearly set forth the underlying methodology and method of calculation.  Cornfield’s 1956 paper subsequently gave a procedure for testing the statistical significance of the odds ratio and setting approximate confidence limits in small samples [
].  In studies assessing evidence for or against disease causation, his jointly authored 1959 paper set forth the rationale for using the relative risk in preference to the risk difference [
]; and his 1960 paper, co-authored with William Haenszel, gave a synthesis of the extant methodological considerations in performing, analyzing, and interpreting case-control studies [
].  However, in none of Cornfield’s major papers on case-control methodology is the term “odds ratio” to be found.
Postscript: to gain a sense of this remarkable man, one can do no better than read but one of his many papers:  A statistician’s apology [
].  

A profusion of terms and refinements of meaning have arisen since Cornfield’s 1951 paper: one may encounter risk, relative risk, cumulative risk, rate, incidence rate, cumulative incidence rate, cumulative incidence ratio, hazard, hazard rate, hazard ratio, incidence density, rate ratio, odds, odds ratio, prevalence, prevalence-odds ratio, risk-odds ratio, proportion, …  [
].  A recent discussion of what is estimated by a case-control study, in light of alternative methods for implementing this design, is given by Knol et al. [
].
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