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Bias File 2. Should we stop drinking coffee? The story of coffee and pancreatic cancer
The story

Brian MacMahon (1923 - 2007) was a British-American epidemiologist who
chaired the Department of Epidemiology at Harvard from 1958 until 1988. In
1981, he published a paper in the New England Journal of Medicine, a case-
control study on coffee drinking and pancreatic cancer [MacMahon B, et al..
1981]. The study concluded that "coffee use might account for a substantial
proportion of the cases of this disease in the United States." According to
some reports, after this study came out, MacMahon stopped drinking coffee
and replaced coffee with tea in his office. This publication provoked a storm
of protest from coffee drinkers and industry groups, with coverage in the
New York Times, Time magazine and Newsweek. Subsequent studies,
including one by MacMahon's group, failed to confirm the association. So,
what went wrong and why?

The study
From the original abstract:

We questioned 369 patients with histologically proved cancer of the pancreas and 644 control patients
about their use of tobacco, alcohol, tea, and coffee. There was a weak positive association between
pancreatic cancer and cigarette smoking, but we found no association with use of cigars, pipe tobacco,
alcoholic beverages, or tea. A strong association between coffee consumption and pancreatic cancer was
evident in both sexes. The association was not affected by controlling for cigarette use. For the sexes
combined, there was a significant dose-response relation (P approximately 0.001); after adjustment for
cigarette smoking, the relative risk associated with drinking up to two cups of coffee per day was 1.8
(95% confidence limits, 1.0 to 3.0), and that with three or more cups per day was 2.7 (1.6 to 4.7). This
association should be evaluated with other data; if it reflects a causal relation between coffee drinking
and pancreatic cancer, coffee use might account for a substantial proportion of the cases of this disease
in the United States.

The bias

The MacMahon study had several problems and several experts have debated these in various journals,
but a widely recognized bias was related to control selection. A nice, easy to read explanation can be
found in the Gordis text [Gordis L, 2009], but a 1981 paper by Feinstein drew attention to this problem).
Controls in the MacMahon study were selected from a group of patients hospitalized by the same
physicians who had diagnosed and hospitalized the cases' disease. The idea was to make the selection
process of cases and controls similar. It was also logistically easier to get controls using this method.
However, as the exposure factor was coffee drinking, it turned out that patients seen by the physicians
who diagnosed pancreatic cancer often had gastrointestinal disorders and were thus advised not to
drink coffee (or had chosen to reduce coffee drinking by themselves). So, this led to the selection of
controls with higher prevalence of gastrointestinal disorders, and these controls had an unusually low
odds of exposure (coffee intake). These in turn may have led to a spurious positive association between
coffee intake and pancreatic cancer that could not be subsequently confirmed.



This problem can be explored further using causal diagrams. Since the study used a case-control design,
cases were sampled from the source population with higher frequency than the controls, which is
represented by the directed arrow between
Figure 1 6I Tract Disease “pancreatic cancer” and “recruitment into study” in
Figure 1. However, controls were selected by being
hospitalized by the same doctors who treated the
Coffee cases. If they were not hospitalized for pancreatic
: cancer, they must have been hospitalized for some
other disease, which gave them a higher

'} Recruitment _ _ _
into Study representation of Gl tract disease than observed in
,,, the source population. Patients with Gl tract disease
Pancreatic may have been discouraged from drinking coffee,
Cancer which gave controls a lower prevalence of exposure

than seen in the source population. This is shown in
Figure 1 as a directed arc from “Gl tract disease” to coffee and to “recruitment into study”

Collider stratification bias occurs when one

Figure 2 GI Tract Disease conditions (in the design or the analysis) on a
common child of two parents. In this case,
restricting the observations to people recruited into

Coffee the study (Figure 2) changes the correlation
structure so that it is no longer the same as in the
) Recruitment source population. Specifically, pancreatic cancer
) into Study and Gl tract diseases may be uncorrelated in the
v general population. However, among patients
Pancr‘ea’ric/ hospitalized by the doctors who had admitted
Cancer patients with pancreatic cancer, the ones who didn’t

have pancreatic disease were more likely to have
something else: a Gl tract disease. Therefore, restriction to the population of the doctors who
hospitalized the cases induces a negative correlation between these two diseases in the data set.

Figure 3 shows a graph of the data for the study
population, as opposed to the source population.
Restriction to the subjects recruited from the
hospital has created a correlation between Gl tract
disease and pancreatic cancer. Since Gl tract disease

Figure 3 (those included in the case-control study)
GI Tract Disease

Cofifee lowers exposure, an unblocked backdoor path is now
7 opened, which leads to confounding of the estimated
i . exposure effect (shown with a dashed line and a
, question mark). Specifically, since the induced

pancreaﬁé correlation is negative, and the effect of Gl tract

Cancer disease on coffee is negative, the exposure estimate

for coffee on pancreatic cancer will be biased upward (Vander Stoep et al 1999).



The lesson

Control selection is a critical element of case-control studies, and even the best among us can make
erroneous choices. Considerable thought needs to go into this critical step in study design. As Rothman
et al. emphasize in their textbook (Modern Epidemiology, 2008), the two important rules for control
selection are:

1. Controls should be selected from the same population - the source population (i.e. study base) - that
gives rise to the study cases. If this rule cannot be followed, there needs to be solid evidence that the
population supplying controls has an exposure distribution identical to that of the population that is the
source of cases, which is a very stringent demand that is rarely demonstrable.

2. Within strata of factors that will be used for stratification in the analysis, controls should be selected
independently of their exposure status, in that the sampling rate for controls should not vary with
exposure.

A more general concern than the issue of control selection in case-control studies is the problem of
selection bias (Hernan et al 2004). Whenever the epidemiologist conditions statistically (e.g. by
stratification, exclusion or adjustment) on a factor affected by exposure and affected by outcome, a
spurious correlation will occur in the study data-set that does not reflect an association in the real world
from which the data were drawn. If there is already a non-null association between exposure and
outcome, it can be shifted upwards or downwards by this form of bias.

Sources and suggested readings*
1. MacMahon B, Yen S, Trichopoulos D et al. Coffee and cancer of the pancreas. N Engl J Med 1981;304: 630-633.

2. Schmeck HM. Critics say coffee study was flawed. New York Times, June 30, 1981.

3. Gordis L. Epidemiology. Saunders, 2008.

4. Feinstein A et al. Coffee and Pancreatic Cancer. The Problems of Etiologic Science and Epidemiologic Case-
Control Research. JAMA 1981;246:957-961.

5. Rothman K, Greenland S, Lash T. Modern epidemiology. Lippincott Williams & Wilkins, 3rd edition, 2008.

6. Coffee and Pancreatic Cancer. An Interview With Brian MacMahon. EpiMonitor, April/May, 1981.

7. Vander Stoep A, Beresford SA, Weiss NS. A didactic device for teaching epidemiology students how to anticipate
the effect of a third factor on an exposure-outcome relation. Am J Epidemiol. 1999 Jul 15;150(2):221.

8. Hernan MA, Herndndez-Diaz S, Robins JM. A structural approach to selection bias. Epidemiology. 2004
Sep;15(5):615-25.

Image credit: Epidemiology: July 2004 - Volume 15 - Issue 4 - pp 504-508

*From this readings list, the most relevant papers are enclosed.
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COFFEE AND CANCER OF THE PANCREAS

Brian MacMamnoNn, M.D., SteLta Yen, M.D., DimiTrios TricHopouLos, M.D., KENNETH WARREN, MD,
AND GEORGE Narpi, M.D.

Abstract We questioned 369 patients with histo-
logically proved cancer of the pancreas and 644
control patients about their use of tobacco, alcohol,
tea, and coffee. There was a weak positive associa-
tion between pancreatic cancer and cigarette smok-
ing, but we found no association with use of clgars,
pipe tobacco, alcoholic beverages, or tea. A strong as-
sociation between coffee consumption and pancreat-

“ic cancer was evident in both sexes. The association

was not affected by controlling for cigarette use. For
the sexes combined, there was a significant dose-re-

OVER the past few decades, cancer of the pan-
creas has emerged.as one of the most important
neoplasias in human beings. It now accounts for ap-
proximately 20,000 deaths annually in the United
States. Causative factors have been sought in several
previous studies, but only cigarette smoking has
emerged as a consistent, though relatively weak, exog-
enous risk factor. We report the results of a study that
was planned to reevaluate the relation of this disease
to smoking and to examine the role of alcohol con-
sumption as a possible confounding variable. Data
were also obtained on intake of tea and coffee — fac-
tors that have not been adequately investigated in this
disease.

METHODS

We conducted a case-control interview study. The cases were
patients with histologic diagnoses of cancer of the exocrine pan-
creas who were in any of 11 large hospitals in the Boston metropol-
itan area and Rhode Island between October 1974 and August
1979. Patients with wmors of the islet cells, periampullary
duodenal mucosa, or ampulla of Vater were not included. We iden-
tified 578 patients and interviewed 405 of them. Twenty patients
died and 35 were discharged before an interview could be arranged;
78 were too sick to be interviewed, 14 had language difficulties, and
26 refused the interview. Also excluded from the analysis were cight

*nonwhite patients, four residents of countries other than the United

States, eight patients older than 79 years, and 16 paticnts whose
interview information was judged by the interviewer 10 be of ques-
tionable reliability. The analysis is based on data from the remain-
ing 369 patients.

To assemble a control series, the interviewers also attempted to
question all other patients who were under the care of the same
physician in the same hospital at the time of an interview with a pa-
tient with pancreatic cancer. Either before the interview (if the in-
formation was known) or afterward, patients with diseases of the
pancreas or hepatobiliary tract or diseases known to be associated
with smoking or alcohol consumption were excluded. The princi-
pal diagnostic categories excluded (in addition to diseases of the bil-
iary tract or pancreas) were cardiovascular disease, diabetes melli-
tus, respiratory or bladder cancer, and peptic ulcer. From a total of
1118 eligible patients, we interviewed 700; nine died and 131 were
discharged before the interview, 179 were too ill, 26 had language
problems, and 73 refused. After exclusion of 17 nonwhites, five for-
eign residents, four persons older than 79 years, and 30 persons

From the Depariment of Epidemiotogy, Harvard Schoel of Public
Health, 677 Huntington Ave., Boston, MA 02115, where reprint requests
should be addressed to Dr. MacMahen,

Supported by a grant (5 POl CA 06373} from the National Cancer In-
stitute.

sponse relation (P ~ 0.001); after adjustment for cig.
arette smoking, the relative risk associated with
drinking up to two cups of coffee per day was 18
(95 per cent confidence limits, 1.0 to 3.0), and that
with three or more cups per day was 2.7 (1.6 to 4.7,
This association should be evaluated with other data;
it it reflects a causal relation between coffee drinkin
and pancreatic cancer, coffes use might account for
a substantial proportion of the cases of this diseage
in the United States. (N Engl J Med. 1981: 304:630.
3)

whose interviews were judged to be unreliable, the control series
used for the analysis consisted of 644 patients. Minor differences
between tables in the stated numbers of cases and controls resulted
from absence of specific items being analyzed in a few question.
naires.

The control series was composed of two principal diagnostic
groups: 273 patients with cancer other than cancers of the pancre.
as and biliary tract, respiratory tract, or bladder and 371 patients
with other disorders. Of the control paticnts with cancer, the tumor
was in the breast in 65 patients, colon in 60, rectum in 25, stomach
in 24, small intestine in nine, ovary in cight, prostate in eight, and
cervix in seven; there were also 16 with melanoma and 15 with lym.
phoma. No other cancer was found in more than four subjects. Di-
agnoses in the controls without cancer were of a wide variety,
although because of the nature of the practices of many of the
physicians who were responsible for patients with cancer of the pan-
creas, patients with gastroenterologic conditions were probably
overrepresented in relation to a general hospital population. The
principal diagnoses were hernia in 70 patients; colitis, enteritis, or
diverticulitis in 41; bowel obstruction, adhesions, or fistula in 26;
gastritis in 17; other gastroenterologic conditions in 47; benign
tumors in 29; varicose veins or phiebitis in 21; genitourinary disor.
ders in 20; neurologic disorders in 20; gynecologic disorders in 16;
and other conditions in 64,

In the analyses, the patients with pancreatic cancer were com-

pared with the control patients with cancer and independently with ¢

the control group without cancer. The findings were quite similar,
and only the results with the combined control group are presented
here.

Several questions in the interview probed the duration and in-
tensity of smoking of cigarettes, cigars, and pipes. Questions on al
coholic beverages asked about the frequency of use before the onset
of illness, the age span over which such use occurred, and the type
of beverage used most frequently. The questions on tea and coffee
were limited to the number of cups consumed in a typical day be-
fore the current illness was evident.

Tests of significance and estimates of adjusted relative risks and
their confidence limits were derived with the method of Mantel and
Haenszel' and its extension.? The data were stratified by age in
10-year groups and by sex where appropriate. All confidence limits
are 95 per cent intervals. Most analyses were performed with the
calculator programs developed by Rothman and Boice.?

REsuLTs

Tobacco

There was no difference between cases and controls
in the use of cigars or pipe tobacco. Among men, the
relative risk associated with use of cigars (with nof-
smokers as the referent group) was 1.0 (confidence in-
terval, 0.7 to 1.4), and that with use of a pipe was 1.0
(confidence interval, 0.7 to 1.4).
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Table 1. Distribution of Cases and Controls According to
Cigaretts-Smoking Habits and Estimates of Risk Ratlos.

SEX . Carecory

Never Ex. CURRENTSMOKERS  ToraL
SMOKED SwmoxErs
<Irack/ >1eack/
DAY DAY
Men  Cases(no.) 0 9 2 57 28
Controls (no.) 4 122 35 75 306
Adjusted relative 1.0 14 1l 14 14
risk t .
95% confidence — 09-23 05-22 09-24 0.9-2.2
interval
Women Cases (no.) 62 4] 20 26 149
Controls (no.) 160 86 36 55 K1y
Adjusted relative 10 13 LS 1.6 L5
risk t :
95% confidence — 08-22 08-28 09-29 1.0-2.2
interval
*Adjusted relative risks and 95 per cent confidence intervals in this column are for con-
sumers of any (including ) as d with nonconsumers,
tMantel-Haenszel estimates of risk ratios, adjusted over 'gorics of age in decads
In all comparisons, the referent category was subjects who had never smoked, Chi-square

(Mantel extension) with equally spaced scores, adjusted over age in docades: 1.2 for men,
4.1 for women,

The data on use of cigarettes are shown in Table 1.
There was a weak positive association, Although only
the data for women showed a significant dose-re-
sponse relation, the estimate of the relative risk asso-
ciated with smoking at any time for both sexes com.
bined was 1.4; the difference from the .referent risk
was significant (confidence interval, 1.1 to 1.9).

" Alcohol

Table 2 shows a comparison of use of alcoholic bevy-
erages by cases and by controls. No notable or signifi-
cnt association appeared. The combined estimate of
relative risk associated with drinking at any time was
0.9, with a confidence interval of 0.6 to 1.3, and that
associated with regular drinking was 0.8 (confidence
interval, 0.5 to 1.3).

"No difference between cases and controls was found
in the statements about the type of alcoholic beverage
used most frequently (data not shown),

Table 2, Distribution of Cases

and Controls According to
Alcohol-Drinking Habits and

Estimates of Risk Ratios.

Sex CaTEGORY

Avconot Danking Totar
NONE ocmleuAL REGULAR
Mea Cases (no.) 16 "3 89 218
Controls (no.) 27 157 123 307
Adjusted relative 1.0 1.3 13 1.3
risk * :
95% confidence - 0.7-2.6 06-26 0.7-25
interval -
Women  Cases (no) 3 % 17 149
Controls (no.) 59 " 221 57 337
Adjusted relative 1.0 08 0.5 0.8
risk ¢
95% confidence - 0.5-1.3 03-1.1 05-1.3
. interval

x
i (Mantel extension) with cqually

spaced scores, adjusted over tge in
re analyzed as in Table .
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Tea

. The tea consumption of cases and controls is shown
in Table 3. A slight inverse association appeared in
both sexes, but it was not significant in either.

Coffee

An unexpected association of Pancreatic cancer
with coffee consumption was evident (Table 4).
Among men, each category of coffee consumption had
a statistically significant excess risk as compared with
that of nondrinkers of colfee, but the dose-response re-
lation was flat. Among women, both categories of
consumers of three or more cups per day had
significantly elevated risks, and the dose-response re-
lation (as measured by the Mantel test) was highly
significant (P<0.001). For the sexes combined, with a
simultaneous adjustment for sex and age, the trend
was also highly significant (chi-square, 11.0), and the
adjusted relative risks for consumers of no cups per
day, one to two, three to four, and at least five were
1.0, 2.1, 2.8, and 3.2, respectively.

Table 3. Distribution of Cases and Controls According to Tea-
Drinking Habits and Estimates of Risk Ratios,

Sex CaTeGoRY Tea DRINKING (Cups pex Day) Torat
/] 1-2 >3
Men Cases (no.) 61 134 2] 216
Controls (no.) 72 208 29 306
Adjusted relative 1.0 0.7 08 0.7
risk ¢
95% confidence - 0.5-1.1 04-1.5 0.5-1.1
interva)
Women  Cases (no.) 40 8s 25 150
Controls (ro.) 75 191 70 336
Adjusted relative 1.0 0.7 0.6 0.7
risk ¢
95% confidence -_ 0.5-1.2 0.3-1.2 0.5-1.2
interval

*Chi-square (Mantel extension) with cqually spaced scores, adjusted over age in
decades: 1.4 for men, 1.9 for women. All data arc analyzed as in Table |,

Interaction

Since no association was observed with use of alco-
holic drinks, tea, pipe tobacco, or cigars, the princi-
pal interaction of interest was that between cigarette
use and coffee use. This relation was explored in the
analysis presented in Table 5. The data showed a con-
sistent association of pancreatic cancer with coffee
drinking within each category of smoking, and the
data for all smokers and nonsmokers showed a con-
sistent trend with coffee drinking after adjustment for
‘smoking. With the Mantel extension, the chi-square
value for the trend with coffee consumption (after ad-
Jjustment for smoking as well as age and sex) was 10.6
(P ~ 0.001). The association with smoking within
categories of coffee consumption was less clear, and
the relative risks for ex-smokers and current smokers,
adjusted for coffee consumption, did not differ signifi-
cantly from unity.
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Discussion

Our findings with regard to association of cancer of
the pancreas with cigarette use and alcohol consump-
tion are consistent with those of previous investiga-
tors. The association with cigarette use has been most
extensively explored. Weakly positive associations
were found in two other case-control studies*® and in
the large cohort studies in British physicians,* Ameri-
can veterans,” and the American Cancer Society pop-
ulation.® The relative risks for cigarette smokers as
compared with nonsmokers were 2.3 in the larger
case-control study and 1.6, 1.8, and an average of 2.2
in the three cohort studies. These values are com-
parable to the figure of 1.4 in our study. In one small
case-control study, a weak and nonsignificant asso-
ciation was found only in women; among men, there
was no difference in cigarette-smoking habits be-
tween cases and controls.’ However, the inclusion of

~ patients with smoking-related diseases among the
hospitalized controls in that study would have served
to conceal a weak relation. Adjustment for coffee con-
sumption did not entirely remove the association with
cigarette smoking in our own data, although the asso-
ciation was not significant after such adjustment. The

~ possible confounding influence of coffee consumption
was not evaluated in the other studies.

The relation between alcohol use and pancreatic
cancer has been less extensively studied, but a lack of
association has been found in one case-control study*
and in a proportional mortality analysis of a large se-
ries of deaths of alcoholics.” An association with wine
drinking was reported in one study, but the numbers
were relatively small, the difference was not conven-
tionally significant, and potential confounding fac-
tors were not evaluated.’ Overall, it seems unlikely
that alcohol consumption has any role in the origin of
cancer of the pancreas — an observation that is of
some interest in the light of the obvious role of this
substance in chronic pancreatitis.

In a recently reported case-control study involving

'I:able 4. Distribution of Cases and Controls by Coftee-
Drinking Habits and Estimates of Risk Ratios.

Sex

Carecory Correz Drivxme (Cups e Day) Totat
[) v 1=2 34 >$
Men Cases (no.) 9 94 53 60 216
Controls (no.) 32 119 74 82 307
Adjusted relative 1.0 26 23 26 26
risk *
95% confidence = 12-55 1.0-83 12-58 1.2-54
interval .
Women Cases (no.) 1 59 53 28 151
Controls (no.) 56 152 80 48 336
Adjusted relative 1.0 1.6 33 3 23
risk *
95% conlidence ~ 08-34 16-70 14-70 1.2-4.6

interval

*Chi-squaze (Mantel extension) with equally spaced scores, adjusted over age in
decades: 1.5 for men, 13,7 for women, All data are analyzed as in Table |.
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Table 5. Estimates of Relative Risk of Cancer of the Pangre,
Associated with Use of Coffee and Cigarettegs

CiGaReTTE

Corree Drisking Toracy
© SNOKING (Cues pra Day)
0 1-2 23
Never 1.0 2.1 kR 1.0
Ex-smokers 1.3 4.0 kX 1.3
0.9-1.8)
Current smokers 1.2 2.2 4.6 1.2
: 0.9-1.3)
Total t 1.0 18 2.7
(1.0-3.0) (1.6-4.7)

*The referent category is the group that uses neither cigarelics nor coffec. Estimatey ae
adjusted for sex and for age in decades.

tValues are adjusted for the other variable, in addition 10 age and €1, and g
expressed in relalion to the lowest category of cach variable. Values in Parentheses are g
per ceal confidence intervals of the adjusied cstimates,

94 patients with pancreatic adenocarcinoma and 3
similar number of hespital controls, Lin and Kessler
noted that the cases tended to drink more decaffeip.
ated coffee than did the controls.® In view of the
relatively recent use of decaffeinated coffee on a large

scale, it seems unlikely that this particular type of

beverage has a causal relation to cases of pancreatic
cancer appearing at present. It seems more likely that
the high consumption of decaffeinated coffee noted by
Lin and Kessler is a reflection of generally high coffee
-consumption by these patients in the past. These au.
thors gave no data on the use of regular coffec by their
subjects.

Although the positive association with coffee con-
sumption that we observed must be evaluated with
other data before serious consideration is given to the
possibility of a causal relation, it is worth noting that
some of the descriptive features of the epidemiology of
cancer of the pancreas seem to be consistent with such
a relation. The apparent increase in frequency of can-
cer of the pancreas in recent decades” and the low
rates observed in Mormons!'-'? and Seventh-Day Ad-
ventists'* would be compatible with a causative role
for either coffee consumption or cigarette smoking.
However, the relatively small excess of men with the
disease in proportion to women would seem to be
more suggestive of a role for coffee rather than for cig-
arcttes. Some 10 years ago, correlating trade statis-
tics in 20 countries with rates of death from cancer,
Stocks reported a.positive correlation between coflee
consumption and rates of pancreatic cancer; the
association was present in both sexes, although
it was significant only in men."* We note also the re-
cent report of the simultaneous occurrence of can-
cer of the pancreas in a husband and wife who both
added “coffee syrup” to ground coffee before perco-
lating it.%s : , :

Our use of a control group composed of hospital-
ized patients must be discussed. It is possible that
these patients reduced their coffee consumption be-

cause of illness and that their replies were affected,
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even though the question was related to the time be-
fore the onset of their illness. Indeed, Rosenberg et al.
reported a lower proportion of coffee consumers
among hospitalized women with chronic disease than
among women admitted for emergencies.' However,
the differences noted by Rasenberg et al. between
patients with acute and chronic illness were much
smaller than those between the cases and controls in
our study. Although the majority of control patients in
our series had chronic disease, pancreatic cancer it-
self is a chronic disease, and in theory it would seem
as likely as any other disorder to induce a change in
coffee consumption. It is a matter for speculation
whether such a bias is likely to be greater in our case
series or in patients with the diagnoses represented in
our control series. It is inconceivable that this bias
would account for the total difference between cases
and controls, but it is possible that risk may be either
overestimated or ynderestimated on this account. We
note, however, that the relative risks shown in Table 4
were similar whether the patients with other cancers

‘or the patients with nonmalignant disorders were

uscd as the control group.

If the association between coffee consumption and
pancreatic cancer is confirmed and found to be caus-
al, the relation will have some importance in quanti-
tative terms. Cancer of the pancreas is now the fourth
most common fatal malignant disease in the United
States. If the distribution of coffee consumption in our
control group reflects that in the general population,

- with relative risks of 1.8 associated with the use of one

to two cups daily and 2.7 associated with three or
more cups daily, we estimate the proportion of pan-
creatic cancer that is potentially attributable to coffee
consumption to be slightly more than 50 per cent.”
This estimate emphasizes the need to determine
whether the association exists in other data and to
evaluate its causal or noncausal nature.

COFFEE AND CANCER OF THE PANGREAS — MacMAHON ET AL.
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We are indebted 1o the administrative, nursing, and record-room
stafls of Beth Israel Hospital, Carncy Hospital, Lahey Clinic, Mas-
sachusetts General Hospital, New England Baptist Hospital, New
England Deaconess Hospital, Peter Bent Brighan Hospital, Rhode
Island Hospital, Tufts-New England Medical Center, University
Hospital, and the Veterans Administration Hospital of Jamaica
Plain, Mass.; to the physicians on their staffs who gave us permis.
sion to interview patients; and to Mrs. Kim Neave and Miss Mary
Curran for conducting the interviews.
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CRITICS SAY COFFEE STUDY WAS FLAWED

By HAROLD M. SCHMECK JR.
Published: June 30, 1981
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THERE were flaws in a study showing links between coffee drinking
and a common form of cancer, several medical scientists and E-MAIL

physicians said in letters published in the latest issue of The New
England Journal of Medicine.
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In March, the journal carried a report showing statistical links REPRINTS

between coffee drinking and cancer of the pancreas, the fourth most
common cause of cancer deaths among Americans.
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"This otherwise excellent paper may be flawed in one critical way," said a letter from Dr.
Steven Shedlofsky of the Veterans Administration Hospital in White River Junction, Vt.
He questioned the comparison of pancreatic cancer patients with persons hospitalized for
noncancerous diseases of the digestive system.
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Such patients, he noted, might be expected to give up coffee drinking because of their
illness. This, he argued, would tilt the proportion of coffee drinkers away from the
"control™ group who were being compared with the cancer patients. Amplifying the letter
in an interview, Dr. Shedlofsky said many patients with digestive diseases give up coffee
because they believe it aggravates their discomfort, and others do so because their
doctors have advised them to.

Dr. Thomas C. Chalmers, president of the Mount Sinai Medical Center and dean of its
medical school, commented that the investigators who questioned patients on their
prehospitalization coffee habits knew in advance which ones had cancer. This could have
introduced unintentional bias in the results, Dr. Chalmers asserted.
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Among the comments from other physicians were these: the question of whether
noncancerous illness might have kept the control patients from drinking coffee was
raised; a correspondent pointed out the problem inherent in trying to judge coffee
consumption simply by asking about typical daily consumption before hospitalization;
and another noted the possible role of other health habits that are closely related to coffee
drinking. These habits included cigarette smoking and the use of sugar, milk, cream or
nondairy "creamers" with the coffee.

The authors of the original report, led by Dr. Brian MacMahon of the Harvard School of
Public Health, defended their study against all of the comments. They agreed that
concern was "reasonable" over the large number of patients in their control group who
had gastrointestinal disorders. But they said the association between coffee drinking and
cancer of the pancreas was present in all the control groups.
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The study showed no difference in risk between men who said they drank only about two
cups of coffee a day and those who drank much more. Among women, however, the risk
seemed to be related to the amount consumed. Some of the physicians who commented
on the study considered the lack of a dose effect in men puzzling and a cause of doubt
concerning the overall implications of the study.

In their original report, Dr. MacMahon and his colleagues treated their evidence
cautiously, asserting that further studies were needed to determine whether coffee
drinking was actually a factor in causing the cancers. If it is a matter of cause and effect,
they said, and if the findings apply to the nation as a whole, coffee drinking might be a
factor in slightly more than half of the roughly 20,000 cases a year of that form of cancer
in the United States.

Coffee industry spokesmen, who were critical of the report when it was published in
March, estimate that more than half of Americans over the age of 10 drink coffee.
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Chapter 10 CASE-CONTROL STUDIES AND OTHER STUDY DESIGNS 183

although it is attractive to choose as hospitalized con-
ols a disease group that is obviously unrelated to
the putative causative factor under investigation,
such controls are unlikely to be representative of the
general reference population. As a result, it will not
be clear whether it is the cases or the controls who
differ from the general population.

The issue of which diagnostic groups would be

eligible for use as controls and which would be ineli-

gible (and therefore excluded) is very important. Let
s say we are conducting a case-control study of lung
cancer and smoking: we select as cases patients who
nave been hospitalized with lung cancer, and as
controls we select patients who have been hospital-
ized with emphysema. What problem would this
resent? Because we know that there is a strong rela-
Hdonship between smoking and emphysema, our con-
ols, the emphysema patients, would include a high
aumber of smokers. Consequently, any relationship

| of smoking to lung cancer would not be detectable in

this study, because we would have selected as controls
2 group of persons in which there is a greater-than-
expected prevalence of smoking. We might therefore
want to exclude from our control group those persons
who have other smoking-related diagnoses, such as
coronary heart disease, bladder cancer, pancreatic
cancer, and emphysema. Such exclusions might yield
2 control group with a lower-than-expected preva-
:ence of smoking and the exclusion process becomes
complex. One alternative is to not exclude any groups
from selection as controls in the design of the study,
but to analyze the study data separately for different
diagnostic subgroups that constitute the control

group.

. PROBLEMS IN CONTROL SELECTION

The following example demonstrates the problem of
exclusions in the process of control selection:

In 1981, MacMahon and coworkers® reported a
case-control study of cancer of the pancreas. The
cases were patients with a histologically confirmed
diagnosis of pancreatic cancer in 11 Boston and
Rhede Island hospitals from 1974 to 1979. Controls
were selected from all patients who were hospitalized
at the same time as the cases; and they were
selected from other inpatients hospitalized by the
attending physicians who had hospitalized the cases.
One finding in this study was an apparent dose-
response relationship between coffee consumption
and cancer of the pancreas, particularly in women
‘Table 10-6).

When such a relationship is observed, it is difficult
to know whether the disease is caused by the coffee
consumption or by some factor closely related to the
coffee consumption. Because smoking is a known
risk factor for cancer of the pancreas, and because
coffee consumption is closely related to cigarette
smoking (it is rare to find a smoker who does not
drink coffee), did MacMahon and others observe an
association of coffee consumption with pancreatic
cancer because the coffee caused the pancreatic
cancer, or because coffee consumption is related to
cigarette smoking, and cigarette smoking is known
to be a risk factor for cancer of the pancreas? Recog-
nizing this problem, the authors analyzed the data
after stratifying for smoking history. The relationship
with coffee consumption held both for current
smokers and for those who had never smoked (Table
10-7).

‘This report aroused great interest in both the
scientific and lay communities, particularly among
coffee manufacturers. Given the widespread expo-
sure of human beings to coffee, if the reported rela-
tionship were true, it would have major public health
implications.

Let us examine the design of this study. The cases
were white patients with cancer of the pancreas at 11
Boston and Rhode Island hospitals. The controls are
of particular interest: They were patients with other
diseases who were hospitalized by the same physi-
cians who had hospitalized the cases. That is, whena
case had been identified, the attending physician
was asked if another of his or her patients who was
hospitalized at the same time for another condition
could be interviewed as a control. This unusual

-method of control selection had a practical advan-

tage: One of the major obstacles in obtaining par-
ticipation of hospital controls in case-control studies
is that permission to contact the patient is requested
of the attending physician. The physicians are often
not motivated to have their patients serve as controls,
because the patients do not have the disease that is
the focus of the study. By asking physicians who had
already given permission for patients with pancreatic
cancer to participate, the likelihood was increased
that permission would be granted for patients with
other diseases to participate as controls.

Did that practical decision introduce any prob-
lems? The underlying question that the investigators
wanted to answer was whether patients with cancer
of the pancreas drank more coffee than did people
without cancer of the pancreas in the same popula-
tion (Fig. 10-3). What MacMahon and coworkers




184

Section Il

USING EPIDEMIOLOGY TO IDENTIFY THE CAUSE OF DISEASE

Estimates of Risk Ratios

TABLE 10-6. Distribution of Cases and Controls by Coffee-Drinking Habits and

Coffee Consumptlon (Cups/Day)

Sex Category 0 1-2 3-4 25 Total

M Number of cases 9 94 53 60 216
Number of controls 32 119 74 82 307
Adjusted relative risk* 1.0 26 2.3 2.6 26
95% Confidence interval - 1.2-5.5 1.0-5.3 1.2-5.8 1.2-5.4

F Number of cases 11 59 53 28 151
Number of controls 56 152 80 48 336
Adjusted relative risk* 1.0 1.6 33 31 23
95% Confidence interval - 0.8-34 1.6-7.0 1.4-7.0 1.2-4.6

»Chi-square (Mantel extension) with equally spaced scores, adjusted over age in decades: 1.5 for men, 13.7 for women. Mantel-Haenszel estimates
of risk ratios, adjusted over categories of age in decades. In all comparisons, the referent category was subjects who never drank coffec.
From MacMzahon B, Yen S, Trichopoulos D, et k: Coffee and cancer of the pancreas. N Engl ] Med 304(11):630-633, 1981.

found was that the level of coffee consumption in
cases was greater than the level of coffee consump-
tion in controls.

The investigators would like to be able to establish
that the level of coffee consumption observed in the
controls is what would be expected in the general
population without pancreatic cancer and that cases
therefore demonstrate excessive coffee consumption
(Fig. 10-4). But the problem is this: Which physicians
are most likely to admit patients with cancer of the
pancreas to the hospital? Gastroenterologists are

often the admitting physicians. Many of their othe:
hospitalized patients (who served as controls) alsc
have gastrointestinal problems, such as esophagitiz
and peptic ulcer. So in this study, the persons whc
served as controls may very well have reduced thei:
intake of coffee, either because of a physician's
instructions or because of their own realization tha:
reducing their coffee intake could relieve their symp-
toms. We cannot assume that the contrals’ levels o
coffee consumption are representative of the level ¢
coffee consumption expected in the general populz-

of Coffee and Cigarettes

TABLE 10-7. Estimates of Relative Risk” of Cancer of the Pancreas Associated with Use

Coffee Drinking (Cups/Day)
Cigarette Smoking Status 0 1-2 23 Total®
Never smoked 1.0 2.1 3.1 1.0
Ex-smokers 1.3 4.0 3.0 13
Current smokers 1.2 2.2 4.6 1.2 (0.9-1.8)
Total* 1.0 1.8 2.7
(1.0-3.0) (1.64.7)

*The referent category is the group that uses neither cigarettes not cofffee. Estimates are adjusted for sex and age in decades.

*Values are adjusted for the other variables, in addition to age and sex, and are expressed in relation to the lowest category of each variable.
Values in pareatheses are 95% confidence intervals of the adjusted estimates.

From MacMahon B, Yen S, Trichapoulos D, et al: Coffec and cancer of the pancreas. N Engl ] Med 304(11):630-633, 1981.
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Peresnt
Drinking
Coffee

controls

Figure 10-3. Interpreting the results of a case-control
study of coffee drinking and pancreatic cancer.

tion; their rate of coffee consumption may be abnor-
mally low. Thus, the observed difference in coffee
consumption between pancreatic cancer cases and
controls may not necessarily have been the result of
cases drinking more coffee than expected, but rather
of the controls drinking less coffee than expected
(Fig. 10-5). ,

MacMahon and his colleagues subsequently
repeated their analysis but separated controls with
gastrointestinal illness from controls with other con-
ditions. They found that the risk associated with
coffee consumption. was indeed higher when the
comparison was with controls with gastrointestinal
illness but that the relationship between coffee con-
sumption and pancreatic cancer persisted, albeit at a
lower level, even when the comparison was with con-
trols with other illnesses. Several years later, Hsieh
and coworkers reported a new study that attempted
to replicate these results; it did not support the orig-
inal findings.

In summary, when a difference in exposure is
observed between cases and controls, we must ask

i Difference

Percent

Drinking in

Coffes

| Exposure
Expected Level of
Cotfee Consumption
0 In the General Populstion
cases controls

Figure 10-4, Interpreting the results of case-control
studies: Is the lower level the expected level of exposure?

Expected Leval ot
Coffee Consumption
in the General Populatton
Percont i Co
Drinking -+ o Diffe,l";ence
Coffes f
+ o | Exposure
e ‘\'_
o 5 I
cases controls

Flgure 10-5. Interpreting the results of case-control
studies: Is the higher level the expected level of exposure?

whether the level of exposure observed in the con-
trols is really the level expected in the population
in which the study was carried out or whether—
perhaps given the manner of selection—the con-
trols may have a particularly high or low level of
exposure that might not be representative of the level
in the population in which the study was carried
out.

MATCHING

A major concern in conducting a case-control study
is that cases and controls may differ in characteristics
or exposures other than the one that has been tar-
geted for study. If more cases than controls are found
to have been exposed, we may be left with the ques-
tion of whether the observed association could be
due to differences between the cases and controls in
factors other than the exposure being studied. For
example, if more cases than controls are found to
have been exposed, and if most of the cases are poor
and most of the controls are affluent, we would not
know whether the factor determining development
of disease is exposure to the factor being studied or
another characteristic associated with being poor. To
avoid such a situation, we would like to ensure that
the distribution of the cases and controls by socio-
economic status is similar, so that a difference in
exposure will likely constitute the critical difference,
and the presence or absence of disease is not likely to
be attributable to a difference in socioeconomic
status.

One approach to dealing with this problem in the
design and conduct of the study is to match the cases
and controls for factors about which we may be con-
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Coffee and Pancreatic Cancer

The Problems of Etiologic Science and
Epidemiologic Case-Control Research

THE RECENT report that coffee may cause pancreatic
cancer' was presented in a pattern that has become
distressingly familiar. The alleged carcinogen is a com-
monly used product. The report was given widespread
publicity before the supporting evidence was available for
appraisal by the scientific community, and the public
received renewed fear and uncertainty about the cancer-
ous hazards lurking in everyday life.

The research on coffee and pancreatic cancer was done
with the case-control technique that has regularly been
used in epidemiologic circumstances where the more
scientifically desirable forms’ of clinical investigation—a
randomized controlled trial or a suitably performed
observational cohort study—are either impossible or
unfeasible. In case-control studies, the investigators begin
at the end, rather than at the beginning, of the cause-
effect pathway. The cases are selected from persons in
whom the target disease has already developed. The
controls are selected from persons in whom that disease
has not been noted. The cases and controls are then
investigated in a backward temporal direction, with
inquiries intended to determine antecedent exposure to
agents that may have caused the disease. If the ratio of
antecedent exposure to a particular agent is higher in the
cases than in the controls, and if the associated mathe-
matical calculations are “statistically significant,” the
agent is suspected of having caused the disease.

In the recently reported study' of coffee and pancreatic
cancer, the investigators began by assembling records for
578 cases of patients with “histologic diagnoses of cancer
of the exocrine pancreas.” The investigators next created
two “control” groups, having other diagnoses. The cases
and controls were then interviewed regarding antecedent
exposure to tobacco, aleohol, tea, and coffee. When the
data were analyzed for groups demarcated according to
gender and quantity of coffee consumption, the calculated
relative-risk ratios for pancreatic cancer were the values
shown in Table 1.

From these and other features of the statistical analy-
sis, the investigators concluded that “a strong association
between coffee consumption and pancreatic cancer was
evident in both sexes.” The conclusions were presented

From the Robert Wood Johnson Clinical Scholars Program, Yale University
School of Medicine, New Haven, Gonn (Drs Feinstein and Horwit2), and the
Cooperative Studies Program Support Center, Veterans Administration
Hospital, West Haven, Conn (Dr Feinstein), and the McGill Cancer Center,
McGill University (Dr Spitzer), and the Kellogg Center for Advanced Studies
in Primary Care, Montreal General Hospital (Drs Spitzer and Battista),
Montreal.

Reprint requests to Robert Wood Johnson Clinical Scholar Program, Yale
University School of Medicine, 333 Cedar St, Box 3333, New Haven, CT
06510 (Dr Feinstein).
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with the customary caveats about the need for more
research and with the customary restraints shown in such
expressions as “coffee use might [our italics] account for a
substantial proportion” of pancreatic cancers. Neverthe-
less, the impression was strongly conveyed that coffee had
been indicted as a carcinogen.

Although the major public attention has been given to
the “Results” and “Discussion” sections of the published
report, readers concerned with scientific standards of
evidence will want to focus on the “Methods.” The rest of
this commentary contains a review of pertinent principles
of case-control methodology, together with a critique of
the way these principles were applied in the coffee-
pancreatic cancer study to formulate a hypothesis, assem-
ble the case and control groups, colleet the individual data,
and interpret the results.

Scientific Hypotheses and ‘Fishing Expeditions’

Most case-control studies are done to check the hypothe-
sis that the target disease has been caused by a specified
suspected agent, but after the cases and controls are
assembled the investigators can also collect data about
many other possible etiologic agents. The process of
getting and analyzing data for these other agents is
sometimes called a “fishing expedition,” but the process
seems entirely reasonable. If we do not know what causes
a disease, we might as well check many different possibil-
ities. On the other hand, when an unsuspected agent yields
a positive result, so that the causal hypothesis is gener-
ated by the data rather than by the investigator, the
results of the fishing expedition require cautious interpre-
tation. Many scientists would not even call the positive
association a “hypothesis” until the work has been
reproduced in another investigation.

The investigators who found a positive association
between coffee consumption and pancreatic cancer have
been commendably forthright in acknowledging that they
were looking for something else. When the original
analyses showed nothing substantial to incriminate the
two principal suspects—tobacco and alcohol —the explora-
tion of alternative agents began. The investigators do not
state how many additional agents were examined besides

Table t.—Relative-Risk Ratios According to Gender
and Quantity of Coffee Consumption

Coftfee Consumption, Cups per Day

o 1-2 34 >5
Men 1.0 2.6 23 2.6
Women 1.0 1.6 3.3 3.1

Coftfee and Cancer—Feinstein et al 957
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tea and coffee, but tea was exonerated in the subsequent
analyses, while coffee yielded a positive result.

The investigators suggest that this result is consistent
with coffee-as-carcinogen evidence that had appeared in a
previous case-control study’ of pancreatic cancer. In fact,
however, coffee was not indicted in that previous study.
The previous investigators found an elevated risk ratio for
only decaffeinated coffee, and they drew no conclusion
about it, having found elevated risks for several other
phenomena that led to the decision that pancreatic cancer
had a nonspecific multifactorial etiology. Thus, the new
hypothesis that coffee may cause pancreatic cancer not
only arises from a “fishing expedition,” but also contra-
dicts the results found in previous research.

Selection and Retention of Cases and Controls

Because the investigators begin at the end of the causal
pathway and must explore it with a reversal of customary
scientific logic, the selection of cases and controls is a
crucial feature of case-control studies. Both groups are
chosen according to judgments made by the investigators.
The decisions about the cases are relatively easy. They are
commonly picked from a registry or some other listing
that will provide the names of persons with the target
disease. For the controls;, who do not have the target
disease, no standard method of selection is available, and
they have come from an extraordinarily diverse array of
sources. The sources include death certificates, tumor
registries, hospitalized patients, patients with specifie
categories of disease, patients hospitalized on specific
clinical services, other patients of the same physicians,
random samples of geographically defined communities,
people living in “retirement” communities, neighbors of
the cases, or personal friends of the cases.

One useful way of making these decisions less arbitrary
is to choose cases and controls according to the same
principles of eligibility and observation that would be used
in a randomized controlled trial of the effects of the
alleged etiologic agent. In such a trial, a set of admission
criteria would be used for demarcating persons to be
included (or excluded) in the group who are randomly
assigned to be exposed or non-exposed to the agent.
Special methods would then be used to follow the mem-
bers of the exposed and non-exposed groups thereafter,
and to examine them for occurrence of the target disease.
Those in whom this disease develops would become the
cases, and all other people would be the controls.

When cases and controls are chosen for a case-control
study, the selection can be made from persons who would
have been accepted for admission to such a randomized
trial and who have been examined with reasonably similar
methods of observation. As a scientific set of guidelines
for choosing eligible patients, the randomized-trial princi-
ples could also help avoid or reduce many of the different
forms of bias that beset case-control studies. Among these
difficulties are several biases to be discussed later, as well
as other problems such as clinical susceptibility bias,
surveillance bias, detection bias, and “early death” bias,
which are beyond the scope of this discussion and have
been described elsewhere.”’

The randomized-trial principles can also help illuminate
the problems created and encountered by the investigators
in the study of coffee and pancreatic cancer. In a
randomized trial, people without pancreatic cancer would

958 JAMA, Aug 28, 1981—Vol 246, No. 9

be assigned either to drink or not to drink coffee. Anyone
with clinical contraindications against coffee drinking or
indications for it (whatever they might be) would be
regarded as ineligible and not admitted. Everyone who did
enter the trial, however, would thereafter be included in
the results as the equivalent of either a case, if later found
to have pancreatic cancer, or a control. The cases would be
“incidence cases,” with newly detected pancreatic cancer,
whose diagnoses would be verified by a separate panel of
histological reviewers. All of the other admitted persons
would eventually be classified as unaffected “controls,” no
matter what ailments they aequired, as long as they did
not have pancreatic cancer. If large proportions of the
potential cases and controls were. lost to follow-up, the
investigators would perform detailed analyses to show
that the remaining patients resembled those who were
lost, thus providing reasonable assurance that the results
were free from migration bias.’

In the coffee-pancreatic cancer study, the source of the
cases was a list of 578 patients with “histologic diagnoses
of cancer of the exocrine pancreas.” The histologic materi-
al was apparently not obtained and reviewed; and.the
authors do not indicate whether the patients were newly
diagnosed “incidence cases,” or “prevalence cases” who
had been diagnosed at previous admissions. Regardless of
the incidence-prevalence distinction, however, the pub-
lished data are based on only 369 (64% ) of the 578 patients
who were identified as potential cases. Most of the “lost”
patients were not interviewed, with 98 potential cases
being too sick or already dead when the interviewer
arrived. The investigators report no data to indicate
whether the “lost” cases were otherwise similar to those
who were retained.

In choosing the control group, the investigators made.
several arbitrary decisions about whom to admit or
exclude. The source of the controls was “all other patients
who were under the care of the same physician in the
same hospital at the time of an interview with a patient
with pancreatic cancer.” From this group, the investiga-
tors then excluded anyone with any of the following
diagnoses: diseases of the pancreas; diseases of the
hepatobiliary tract; cardiovascular disease; diabetes melli-
tus; respiratory cancer; bladder cancer; or peptic ulcer.
Since none of these patients would have been excluded as
nonpancreatic-cancer controls if they acquired these dis-
eases after entry into a randomized trial of coffee
drinking, their rejection in this case-control study is
puzzling. The investigators give no reasons for excluding
patients with “diseases of the pancreas or hepatobiliary
tract.” The reason offered for the other rejections is that
the patients had “diseases known to be associated with
smoking or aleohol consumption.” The pertinence of this
stipulation for a study of coffee is not readily apparent.

Since the investigators do not state how many potential
controls were eliminated, the proportionate impact of the
exclusions cannot be estimated. The remaining list of
eligible control patients, however, contained 1,118 people,
of whom only a little more than half—644 patients—
became the actual control group used for analyses. Most of
the “lost” controls were not interviewed because of death,
early discharge, severity of illness, refusal to participate,
and language problems. Of the 700 interviewed controls,
56 were subsequently excluded because they were non-
white, foreign, older than 79 years, or “unreliable.” No
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data are offered to demonstrate that the 644 actual
controls were similar to the 474 “eligible” controls who
were not included.

The many missing controls and missing interviews
could have led to exclusion biases'®" whose effects cannot
be evaluated in this study. The investigators have also
given no attention to the impact of selective hospitaliza-
tion bias, perceived by Berkson’ and empirically demon-
strated by Roberts et al’ that can sometimes falsely
elevate relative-risk ratios in a hospital population to as
high as 17 times their true value in the general population.
For example, in a hospitalized population, Roberts et al®
found a value of 5.0 for the relative-risk ratio of arthritic
and rheumatic complaints in relation to laxative usage;
but in the general population that contained the hospital-
ized patients, the true value was 1.5. Whatever may have
been the effects of selective hospitalization in the current
study (including the possibility of having masked real
effects of tobacco and aleohol), the way that the cases and
controls were chosen made the study particularly vulnera-
ble to the type of bias described in the next section.

Protopathic Bias in Cases and Controls

“Protopathic” refers to early disease. A protopathic
problem occurs if a person’s exposure to a suspected
etiologic agent is altered because of the early manifesta-
tions of a disease, and if the altered (rather than the
original) level of exposure is later associated with that
disease. By producing changes in a person’s life-style or
medication, the early manifestations of a disease can
create a bias unique to case-control studies.” In a
randomized trial or observational cohort study, the inves-
tigator begins with each person’s baseline state and
follows it to the subsequent outcome. If exposure to a
suspected etiologic agent is started, stopped, or altered
during this pathway, the investigator can readily deter-
mine whether the change in exposure took place before or
after occurrence of the outcome. In a case-control study,
however, the investigator beginning with an outcome
cannot be sure whether it preceded or followed changes in
exposure to the suspected agent. If the exposure was
altered because the outcome had already occurred and if
the timing of this change is not recognized by the
investigator, the later level of exposure (or non-exposure)
may be erroneously linked to the outcome event.

For example, in circumstances of ordinary medical care,
women found to have benign breast disease might be told
by their physicians to avoid or stop any form of estrogen
therapy. If such women are later included as cases in a
case-control study of etiologic factors in benign breast
disease, the antecedent exposure to estrogens will have
been artifactually reduced in the case group. Oral contra-
ceptives or other forms of estrogen therapy may then be
found to exert a fallacious “protection” against the
development of benign breast disease.

The problem of protopathic bias will oceur in a case-
control study if the amount of previous exposure to the
suspected etiologic agent was preferentially altered—
either upward or downward—because of clinical manifes-
tations that represented early effects of the same disease
that later led to the patient’s selection as either a case or
control. The bias is particularly likely to arise if the
preferential decisions about exposure were made in oppo-
site directions in the cases and controls. The coffee-
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pancreatic cancer study was particularly susceptible to
this type of bi-directional bias. The customary intake of
coffee may have been increased by members of the
pancreatic-cancer case group who were anxious about
vague abdominal symptoms that had not yet become
diagnosed or even regarded as “illness.” Conversely,
control patients with such gastrointestinal ailments as
regional enteritis or dyspepsia may have been medically
advised to stop or reduce their drinking of coffee. With a
strict set of admission criteria, none of these patients
would be chosen as cases or controls, because the use of
the alleged etiologic agent would have been previously
altered by the same ailment that led to the patient’s
selection for the study.

This problem of protopathic bias is a compelling
concern in the investigation under review here. Because so
many potential control patients were excluded, the
remaining control group contained many people with
gastrointestinal diseases for which coffee drinking may
have been previously reduced or eliminated. Of the 644
controls, 249 (39%) had one of the following diagnoses:
cancer of the stomach, bowel, or rectum; colitis, enteritis,
or diverticulitis; bowel obstruction, adhesions, or fistula;
gastritis; or “other gastroenterologic conditions.” If coffee
drinking is really unrelated to pancreatic cancer, but if
many of these 249 patients had premonitory symptoms
that led to a cessation or reduction in coffee drinking
“before the current illness was evident,” the subsequent
distortions could easily produce a false-positive associa-
tion.

The existence of this type of bias could have been
revealed or prevented if the investigators had obtained
suitable data. All that was needed during the interview
with each case or control patient was to ask about
duration of coffee drinking, changes in customary pattern
of consumption, and reasons for any changes. Unfortu-
nately, since coffee was not a major etiologic suspect in
the research, this additional information was not solicited.
After the available data were analyzed, when the investi-
gators became aware of a possible problem, they tried to
minimize its potential importance by asserting that
“although the majority of control patients in our series
had chronic disease, pancreatic cancer is itself a chronic
disease, and in theory it would seem as likely as any other
disorder to induce a change in coffee {consumption].” This
assertion does not address the point at issue. The bias
under discussion arises from changes in exposure status
because of the early clinical manifestations of a disease,
not from the chronic (or acute) characteristics of the
conditions under comparison.

The investigators also claimed that “it is inconceivable
that this bias would account for the total difference
between cases and controls.” The conception is actually
quite easy. To make the demonstration clear, let us
eliminate gender distinctions and coffee quantification in
the investigators’ Table 4, which can then be converted
into a simple fourfold table (Table 2). In this table, the
odds ratio, which estimates the relative-risk ratio, is
(347/20)/(555/88)=2.75, which is the same magnitude as
the relative risks cited by the investigators.

Let us now assume that 5% of the coffee-drinker cases
were formerly non-coffee-drinkers. If so, 17 people in the
case group would be transferred downward from the
coffee drinkers to the nondrinkers. Although 249 members
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Table 2.—Status of Study Subjects According to
Coffee Consumption

Cases Controls
Coffee-drinkers 347 555
Non-coffee-drinkers 20 88
Total 367 643

Table 3.—Hypothetical* Status of Study Subjects
Shown in Table 2

Cases Controls
Coffee-drinkers 330 573
Non-coffee-drinkers 37 70
Total 367 643

*‘Based on estimate that 5% of coffee-drinkers in case group were
previously non-coffee-drinkers and that 20% of non-coffee-drinkers in control
group ceased coffee consumption because of symptoms.

of the control group had gastrointestinal conditions that
might have led to a cessation of coffee consumption, let us
conservatively estimate that only 20% of the 88 controls
listed in the non-coffee-drinkers categery were previous
coffee-drinkers who had stopped because of symptoms. If
so, 18 of the non-coffee-drinking controls should move
upward into the coffee-drinking group. With these reclas-
sifications, the adjusted fourfold table would be as
presented in Table 3. For this new table, the odds ratio is
(330/37)/(573/70)=1.09, and the entire positive association
vanishes.

Acquisition of Basic Data

All of the difficulties just described arise as conse-
quences of basic decisions made in choosing cases and
controls. After these decisions are completed, the case-
control investigator acquires information about each
person’s antecedent exposure. This information becomes
the basic research data, analogous to the description of
each patient’s outcome in a randomized controlled trial.
The information about exposure should therefore be
collected with thorough scientific care, using impeccable
criteria to achieve accuracy, and, when necessary, using
objective (or “blinded”) methods to prevent biased obser-
vations.

These scientific requirements are seldom fulfilled in
epidemiologic research. The primary data about exposure
are verified so infrequently in case-control studies that
prominent epidemiologists” have begun to make public
pleas for improved scientific standards and methods. In
the few instances where efforts have been made to
confirm recorded data,”" to repeat interviews at a later
date' or to check the agreement of data obtained from
different sources," the investigators have encountered
discrepancies of major magnitude. In one of these stud-
ies,'” when the agent of exposure (occupation as a fisher-
man) was confirmed, the original numbers of exposed
people were reduced by 17%. Had these numbers not been
corrected, the study would have produced misleading
conclusions.

Although errors of similar magnitude could easily have
occurred in the coffee-pancreatic cancer investigation, the
investigators did not publish even a brief text of the actual
questions used for the interviews, and no efforts are
mentioned to check the quality of the data that were
obtained in the single interview with each patient. Family
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members or friends were not asked to confirm the
patients’ answers; the information was not checked
against previous records; and no patients were reinter-
viewed after the original interrogation to see whether.
subsequent responses agreed with what was said previous-
ly. Although a verification of each interview is difficult to
achieve in a large study, the scientific quality of the data
could have been checked in a selected sample.

Because of the high likelihood of the protopathic bias
noted earlier, the quality of the coffee-drinking data is a
major problem in the study under review. The investiga-
tors state that “the questions on tea and coffee were
limited to the number of cups consumed in a typical day
before the current illness was evident.” This approach
would not produce reliable data, since it does not indicate
what and when was a “typical day,” who decided what was
the “time before the current illness was evident,” or who
determined which of the patient’s symptoms were the first
manifestation of “illness” either for pancreatic cancer or
for the diverse diseases contained in the control group.

Although the investigators acknowledge the possibility
that “patients reduced their coffee consumption because
of illness,” nothing was done to check this possibility or to
check the alternative possibility that other patients may
have increased their customary amounts of coffee drink-
ing. In addition to no questions about changes in coffee
consumption, the patients were also asked nothing about
duration. Thus, a patient who had started drinking four
cups a day in the past year would have been classified as
having exactly the same exposure as a patient who had
been drinking four cups a day for 30 years.

The Problem of Multiple Contrasts

When multiple features of two groups are tested for
“statistically significant” differences, one or more of those
features may seem “significant” purely by chance. This
multiple-contrast problem is particularly likely to arise
during a “fishing expedition.” In the customary test of
statistical significance, the investigator contrasts the
results for a single feature in two groups. The result of
this single-feature two-group contrast is declared signifi-
cant if the P value falls below a selected boundary, which
is called the « level. Because a is commonly set at .05,
medical literature has become replete with statements
that say “the results are statistically significant at P<.05.”
For a single two-group contrast at an « level of .05, the
investigator has one chance in 20 (which can also be
expressed as contrary odds of 19 to 1) of finding a
false-positive result if the contrasted groups are really
similar.

For the large series of features that receive two-group
contrasts during a “fishing expedition,” however, statisti-
cal significance cannot be decided according to the same «
level used for a single contrast. For example, in the
coffee-pancreatic cancer study, the cases and controls
were divided for two-group contrasts of such individual
exposures (or non-exposures) as cigars, pipes, cigarettes,
aleohol, tea, and coffee. (If other agents were also checked,
the results are not mentioned.) With at least six such
two-group contrasts, the random chance of finding a
single false-positive association where none really exists is
no longer .05. If the characteristics are mutually indepen-
dent, the chance is at least .26[=1—(.95)°]. Consequently,
when six different agents are checked in the same study,
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the odds against finding a spurious positive result are
reduced from 19 to 1 and become less than 3 to 1
[=.74/.26).

To guard against such spurious conclusions during
multiple contrasts, the customary statistical strategy is to
make stringent demands on the size of the P value
required for “significance.” Instead of being set at the
customary value of .05, the « level is substantially lowered.
Statisticians do not agree on the most desirable formula
for determining this lowered boundary, but a frequent
procedure is to divide the customary « level by k, where %
is the number of comparisons.”® Thus, in the current study,
containing at least six comparisons, the decisive level of «
would be set at no higher than .05/6=.008.

In the published report, the investigators make no
comment about this multiple-contrast problem and they
do not seem to have considered it in their analyses. In one
of the results, a P value is cited as “<.001,” but most of the
cogent data for relative risks are expressed in “95%
confidence intervals,” which were calculated with a=.05.
Many of those intervals would become expanded to include
the value of 1, thereby losing “statistical significance,”
if « were re-set at the appropriate level of .008 or lower.

Comment

The foregoing discussion has been confined to the main
reasons for doubting the reported association between
coffee and pancreatic cancer. Readers who are interested
in evaluating other features of the study can check its
constituent methods by referring to the criteria listed in
several published proposals®*® of scientific standards for
case-control research.

A separate problem, to be mentioned only in passing, is
the appropriateness of forming conclusions and extensive-
ly diffusing results from a study in which the hypothesis
develops as an analytic surprise in the data. Scientists and
practitioners in the field of human health face difficult
dilemmas about the risks and benefits of their activities.
The old principle of avoiding harm whenever possible
holds true whether a person or a population is at risk.
Whether to shout “Fire!” in a crowded theater is a
difficult decision, even if a fire is clearly evident. The risk
of harm seems especially likely if such shouts are raised
when the evidence of a blaze is inconclusive or meager.
Aside from puzzled medical practitioners and a confused
lay public, another possible victim is the developing
science of chronic disease epidemiology. Its credibility can
withstand only a limited number of false alarms.

Because the epidemiologic case-control study is a neces-
sary, currently irreplaceable research mechanism in etio-
logic science,-its procedures and operating paradigms need
major improvements in scientific quality. In the evalua-
tion of cause-effect. relationships for therapeutic agents,
the experimental scientific principles of a randomized
trial have sometimes required huge sample sizes and
massive efforts that have made the trials become an
“indispensable ordeal.”” In the evaluation of cause-effect
relationships for etiologic agents, the case-control tech-
nique has eliminated the “ordeal” of a randomized
controlied trial by allowing smaller sample sizes, the
analysis of natural events and data, and a reversed
observational direction. Since the use of scientific prinei-
ples remains “indispensable,” however, the development
and application of suitable scientific standards in case-
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control research is a prime challenge in chronic disease
epidemiology today.

The current methodologic difficulties arise because
case-control investigators, having recognized that etio-
logic agents cannot be assigned with experimental
designs, and having necessarily abandoned the randomiza-
tion principle in order to work with naturally occurring
events and data, have also abandoned many other scientif-
ic principles that are part of the experimental method and
that eould be employed in observational research. The
verification and suitably unbiased acquisition of basic raw
data regarding diagnoses and exposures do not require
randomized trials; and the patients admitted to an
observational study can be selected in acecordance with the
same eligibility criteria and the same subsequent diagnos-
tic procedures that would have been used in a randomized
trial.® These scientific experimental principles, however,
are still frequently disregarded in case-control research,
despite the celebrated warning of the distinguished Brit-
ish statistician, Sir Austin Bradford Hill.” In discussing
the use of observational substitutes for experimental
trials, he said that the investigator “must have the
experimental approach firmly in mind” and must work “in
such a way as to fulfill, as far as possible, experimental
requirements.”
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