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Weak Associations in Epidemiology : Importance, Detection, and Interpretation

Richard Doll

 Weak associations showing odds ratios of less than (say) three to one are often due to chance , 
bias, or confounding; but if they are causal and relate to common diseases and agents that are 
prevalent in the community they may be important for the public health and more important than 
strong associations with agents that occur only rarely. Their establishment requires large studies, 
meta-analysis of many small ones, or, better, collaborative reanalysis of many studies on a 
common basis. In the absence of experimental evidence, bias and confounding have to be 
excluded and positive evidence for causality sought using Hill's guidelines. Examples are given of 
weak associations that have been shown to be of practical importance (stomach cancer and 
smoking, lung cancer and environmental tobacco smoke, breast cancer and oral contraceptives) 
or are still of uncertain significance (liver cancer and smoking, and childhood leukaemia and brain 
cancer and exposure to extremely low frequency electromagnetic fields). Weak associations that 
reflect causality can often be revealed only by epidemiological investigation . They may be socially 
important and their establishment is a challenge that epidemiologists should accept . 
J Epidemiol,1996 ; 6 : S11-S20. 

weak associations, evidence of causality

 In 1966, in the 8th edition of his book on the Principles of 
Medical Statistics, Bradford Hill described a small study that 
he had carried out some 20 years before'). About 1000 nickel 

refinery workers and pensioners had been followed for 10 

years from 1929 to 1938. Sixteen were found to have died 
from lung cancer against one expected at the corresponding 
national rates, 11 to have died from nasal cancer against a frac-
tion of a death expected, and 67 to have died from other causes 

against 72 expected. The study was not published at the time, 
as it had been carried out at the request of the local nickel refin-
ing industry for its own information; but the findings were sub-
sequently reported in Hill's book as an example of how repeti-
tion in other studies, though an important feature in helping to 

conclude that an epidemiological association reflects causality, 
is not essential for such a conclusion to be reached. Having 
described his findings, Hill continued "In 1923, long before 

any special hazard had been recognized, certain changes in the 
refinery had taken place. No case of cancer of the nose was 
observed in any man who first entered the works after that

year, and in these men there was no excess of cancer of the 
lung. In other words, the excess in both sites is uniquely a fea-
ture in men who entered the refinery in, roughly, the first 23 

years of the present century. No causal agent of these neo-
plasms has been identified. Until recently no animal experi-
mentation had given any clue or any support to this wholly sta-

tistical evidence. Thus we have (or certainly had) to make up 
our minds on a unique event; and there is no difficulty in doing 
so. This situation very clearly makes nonsense of the assertion 
that if the evidence is 'only statistical' we cannot accept it for 

action." 
 This study discovered a peculiarly strong association , which 

was of great importance for the nickel refining industry and 
has since been frequently confirmed2,3). It had been detected by 

what has now become one of epidemiology's principal tools , a 
retrospective cohort study and, as Hill pointed out , there was 
no difficulty in interpreting the findings . 

 In the decades immediately preceding and following the 

foundation of the International Epidemiological Association
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many such strong associations were observed. As a result, 
many hazards have been eliminated and the means have been 
discovered - sometimes by epidemiologists alone and some-
times by epidemiologists in conjunction with laboratory work-
ers - by which immense improvements in public health have 
been, or could be, achieved, and more such associations must, I 
am sure, remain to be discovered or we should not continue to 
have such dramatic differences in incidence as those shown by 

(for example) oesophageal and renal pelvis cancers in different 
places and testis cancer at different times. 

 Such strong associations are not, however, the only associa-
tions that are medically important. For weak associations - by 
which I mean associations showing odds ratios of less than 
(say) three to one - may offer major opportunities for the 
improvement of public health, if they are observed between 
common diseases and agents that are prevalent in the commu-
nity, and the opportunities may be much greater than those 
offered by strong associations between any disease and agents 
that are only rarely encountered. This is, of course, obvious to 
numerate scientists who can compare the potential for 
improvement in health revealed by the weak association 
between smoking and ischaemic heart disease in men and 
women over 55 years of age, which has been shown in many 
studies and is illustrated for men in Table 1, with that revealed 
by Bradford Hill's observations on nickel refinery workers -

given, of course, that both the relationships are causal in char-
acter. The potential importance of such weak associations is,

however, not equally obvious to the general public who are 
bemused by the frequent reports of weak associations that are 
subsequently not confirmed or shown to be the resuft of 
chance, bias, or confounding. 

 Childhood leukaemia, for example, has been reported at dif-
ferent times over the last 15 years to be associated with all the 
factors listed in Table 2, always with the implication that they 
contribute to the causation of the disease. This implication is, 
moreover, strengthened in the public mind - or so I suspect - by 
our somewhat injudicious use of the term "relative risk" to 
describe the observed association rather than the more techni-
cal "odds ratio", which is often scientifically more correct and 
is less suggestive of causality to the uninitiated. I doubt, how-
ever, whether many of the factors listed will prove to be causal 
in the long run. That is not meant to be a criticism of the inves-
tigators who reported them, for it is only by looking for associ-
ations that epidemiologists can produce new hypotheses wor-
thy of further investigation and some associations that have, at 
first glance, seemed to be the least attractive may prove to be 
very productive. Unfortunately, the fact that many of the 
reported associations will not survive the test of time is grist to 
the mill of propagandists who seek to discredit weak associa-
tions that run counter to the interests of some organization by 
suggesting that they are inherently unreliable and an inade-

quate basis for action. Propagandists employed by the tobacco 
industry, for example, have used such an argument in an 
aftempt to undermine the evidence for the causal relationship

Table 1. Relative risk of death from ischaemic heart disease in male cigarette smokers 

       compared to that in lifelong non-smokers : ages 55 years and over.

Table 2. Some causes of childhood leukaemia suggested in different studies.
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between lung cancer and environmental tobacco smoke and so 
discourage legislation against smoking in public places. The 
association is certainly weak; but the totality of the evidence, 
which I review later, is strong and conclusive. 

    ANALOGY WITH SMALL BENEFITS IN 

         CONTROLLED TRIALS 

  In this complex situation we can, I think, learn from the 
experience of clinical medicine with regard to the interpreta-
tion of the results of controlled trials. Until about 1980, trials 
tended to be small, often including only a few hundred patients 
and seldom more than a thousand. Consequently moderate 
benefits from new treatments of common conditions were 
missed, the results being apparently conflicting, or, if positive, 
not statistically significant and so equated in clinicians' minds 
with the absence of effect. 

  About 1980 the concept of the scientific overview, or meta-
analysis as it has come to be called, was introduced indepen-
dently by Tom Chalmers in the USA and Richard Peto in the 
UK. But even when Peto showed that a proper statistical 
overview of the six published trials of the effects of aspirin in 
the treatment of myocardial infarction provided evidence of a 
long term reduction of about 20% in fatality or reinfarction, 
this was ignored, because the largest trial showed no benefit, 
although its negative results did not, in fact, make the com-
bined results of all the studies significantly heterogeneous. The 

position with regard to the use of streptokinase was similar. 
Despite evidence from a statistical overview of a reduction in 
the fatality rate by about 22%, streptokinase was seldom used 
because the occasional haemorrhage that followed its use was 
thought to make it too dangerous. Eventually a really large 
study was organized involving 17,000 patients in which a 

quarter selected randomly were given aspirin and streptoki-
nase, a quarter aspirin without a placebo as it would have been 
unjustified to give a placebo intravenous injection to mimic 
treatment with streptokinase, a quarter streptokinase and a 

placebo, and a quarter only a placebo. The results showed a 
clear and highly significant benefit for each treatment , the 
effects of which in combination were additive4). Another slight-
ly smaller trial had shown a similar benefit with streptokinase5) 
and within a few months the routine treatment of myocardial 
infarction was transformed with the consequent saving of tens 
of thousands of lives each year. 

 Experience with tamoxifen was similar, except that a collab-
orative meta-analysis led to a change in practice without the 
necessity for the conduct of a single large trial. By 1988, 28 
unconfounded controlled trials of the effect of tamoxifen could 
be identified, that is to say trials in which the effect of tamox-
ifen with or without other chemotherapy was compared with 
the effect of the same treatment without the tamoxifen The

results of the individual trials varied, but very few led to statis-
tically significant results and very few of the investigators who 
had submitted their data for a meta-analysis expected the over-

all results to be positive. Yet by 5 years after the start of treat-
ment they clearly were for women aged 50 years or overe. For 

this group, there was no significant heterogeneity between the 

results of the different trials; but for women who were given 
tamoxifen for at least 2 years the results were better still and 
the odds of death were reduced by as much as 23 per cent with 
a standard deviation of 4 per cent. The findings led to the 

immediate adoption of a two-year course of tamoxifen as a 
standard treatment in many centres throughout the world and 
the mortality from breast cancer in several countries has shown 

a sharp drop since 1989, falling in England and Wales by 14 

per cent in 4 years in women aged 20-49 years, by 11 per cent 
in women aged 50-69 years, and by 5 percent in women aged 
70-79 yearsa. 

  LARGE SCALE EPIDEMIOLOGICAL STUDIES 

 This type of clinical experience underlines the benefit to be 
obtained on a national scale from moderate improvements in 

the treatment of a common disease and suggests how similar 
substantial improvements in public health can be obtained by 
establishing the reality of weak associations produced by fac-
tors prevalent in the community. What is required is a few real-
ly large studies or a meta-analysis of many small ones . This, 
however, is only the beginning; for unlike controlled trials, in 
which randomisation assures the effective equalisation of fac-
tors other than the treatment under investigation between the 
treatment groups, we still have to decide whether a weak asso-

ciation that cannot be attributed to chance could be attributed 
to bias or confounding, before concluding that it reflects cause 
and effect. To decide this, each case has to be considered on its 
merits. If bias and confounding seem unable to explain the 

findings we have to seek support for causality, by using the 

guidelines that were developed by epidemiologists in the 
1950s, such as those set out by Bradford Hill8) in the UK . 
These are summarised in Table 3. The first , the strength of the 
association, we have of necessity to do without , as we are deal-
ing with weak associations, and evidence for several of the oth-
ers may also be lacking; but this does not mean that we cannot 
deduce causality as an explanation of the findings with suffi-

Table 3. Guides to causality of observed associations .
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cient confidence to justify action to reduce risk. For, with one 
exception, that the effect should occur after exposure to the 
suspected cause, the guidelines are not criteria that have to be 

present, but aids to constructive thought, and the nature of the 
evidence and the weight to be given to different aspects will 
vary from case to case. 

   WEAK ASSOCIATIONS WITH SMOKING 

Active Smoking 
 Consider the data that have shown weak associations 

between smoking and many types of cancer in addition to the 
eight types that the International Agency for Research on 
Cancer9) has classed as caused by cigarette smoking and, in 
some cases, also by tobacco used in other forms. Data for 10 
types were reviewed by Doll10) early this year, and the conclu-
sion reached that cigarene smoking was also a cause of some 
myeloid leukaemias and of some cancers of the stomach, renal 
body, liver and nose, that pipe smoking was a cause of some 
cancers of the lip, and that cigarene smoking might be a cause 
of some cancers of the nasopharynx. The associations between 
cigarette smoking and cancers of the colon, rectum, and cervix 
uteri were, however, thought to be largely, and perhaps wholly, 
explained by confounding. 

 For cancers of the stomach and liver, which I take as exam-

ples, the evidence from large scale cohort studies was particu-
larly helpful as it effectively eliminated bias as a possible 
explanation of the results. Data for these two cancers from four 
such studies are shown in Table 4. For each cancer in each 
study the risk in current cigarette smokers is raised and the risk 
in heavy smokers is equal to or greater than that in all current 
cigarene smokers as a group. In each case, too, the risk in 
exsmokers is less than in current smokers and equal to or 

greater than that in nonsmokers. 
 Similar findings for cancer of the stomach have generally

been obtained in the few other cohort studies and the many 
case-control studies that have now been reported from north 
and south America, Asia, Australasia, and Europe (see 9 and 
14 for review and more recently 15,16) although not infre-

quently, with relatively small numbers of cases, the excess in 
cigarette smokers has not been statistically significant (for 
example, 17). When all the data are examined, there can be no 
doubt about the reality of a positive association between ciga-
rette smoking and the risk of the disease. 

 The association is, however not necessarily causal and could 
be due to confounding, most obviously with a diet low in veg-
etables and fruit, and also with socio-economic status. Neither, 
however, provides an adequate explanation for the results. For 
adjustment for dietetic factors has sometimes been possible 
and has not materially reduced the association, most notably in 
Hirayama's cohort study in Japan18), and similar relationships 
are seen in the socially homogeneous British doctors11) and in 
the two large American studies of men employed in a wide 
variety of occupations12.19). 

 No help can be obtained from ecological observations, as 
there have been major differences in the prevalence of the prin-
cipal causes of the disease between different countries and at 
different times which would have overwhelmed the relatively 
small effect that, at the most, cigarette smoking could have 
caused. We have, therefore to base our conclusion on the con-
sistency of the findings, the dose-response relationship, the 

presence of chemicals in tobacco smoke that can cause gastric 
cancer in experimental animals, and the inability to explain the 
findings by confounding with other aetiological factors. On 
this basis, it is concluded that cigarette smoking is a minor 
cause of gastric cancer. As, however tobacco smoke acts syn-
ergistically with whatever it is in food that causes gastric can-
cer, the absolute numbers attributable to smoking are large in 
areas where the risk of gastric cancer is high. 

 For cancer of the liver, the position is more complex . In

Table 4. Relative risk of cancers of the stomach and liver in men by smoking habit (4 large cohort studies) .

 *no . of deaths in non-smokers. 
**C Heath Jr

, personal communication
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developed countries, hepatocarcinoma, the principal type of 
liver cancer, nearly always occurs in association with alcoholic 
cirrhosis or with chronic infection with the hepatitis virus. The 
disease is consistently related to cigarette smoking, not only in 
the data shown in Table 4, but also in a large number of case-
control and other cohort studies. Cigarette smoking, however, 
is closely related to the development of cirrhosis of the liver 11) 
and to the consumption of alcohol2k Quantitatively, the rela-
tionship between smoking and cirrhosis of the liver seems 
capable of being explained by the relationship between smok-
ing and the consumption of alcohol and a simple explanation 
of the observed association between smoking and liver cancer 
is that it is due to confounding with the consumption of alco-
hol. Cigarette smoking, nevertheless, is likely to contribute to 
the production of a few cases, for the smoke contains chemi-
cals that are known causes of liver cancer in experimental ani-
mals (for example, methylnitrosourea) and both Hirayama21) 
and Trichopoulos et al 22) . found that liver cancer was associat-
ed with cigarette smoking after adjusting for the consumption 
of alcohol. More importantly, smoking has been found to be 
associated with hepatomas in China in areas where little alco-
hol is drunk and infection with the hepatitis B virus, another 
major cause of the disease, is rare (L Boqi and R Peto, personal 
communication).

Environmental Smoke 
 More important than the addition of the small relative risks 

from all these other cancers to the major risks associated with 
active smoking, is the risk implied by the weak association 
between exposure to tobacco smoke in the environment and 
the risk of lung cancer in non-smokers, because of its potential 
impact on public health policy. This association was first 
reported independently by Hirayama23) in his splendid cohort 
study of nearly 300,000 Japanese and by Trichopoulos et al. 24) 
in a case-control study in Greece. In both studies the mortality 
in non-smokers married to smokers was compared with that in 
non-smokers married to non-smokers. Thirty-two similar stud-
ies have subsequently been reported and Law & Hackshaw25 
have recently undertaken a meta-analysis of them all. This sug-

gested an excess of 24 per cent aftributable to environmental 
smoke, without any significant heterogeneity between the stud-
ies. 
 That there should be an excess of this order should not be 
surprising as most chemical carcinogens are believed to exert 
an effect proportional to dose9), measurements of serum coti-
nine show that non-smokers married to smokers are exposed to 
about 1 per cent of the amount of niotine to which smokers of 
20 cigarettes a day are exposed26,27), and such smokers have an 
excess of lung cancer of 1500 to 2000 per cent. Precise extrap-
olation from active smoking is, however, unjustified as the 

physical states of the droplets in smoke actively and passively 
inspired are different, as is the extent to which the droplets are

inhaled. Extrapolation from the effects of active smoking can, 
therefore, serve only to show that the observed relative risk is 
not grossly unreasonable. Bias is a plausible explanation of 
some of the excess, as non-smokers married to smokers may 
be thought to have smoked occasionally more often than non-
smokers married to nonsmokers. Wald et al.28) however, 
showed that the amount of recall error would have to be unrea-
sonably large to account for the observed excess. Confounding 
with diet also has to be considered as non-smokers married to 
smokers may also share the smoker's tendency to have a diet 
deficient in anti-oxidant vitamins (see 25). Three studies have, 
however, controlled for diet and found that the risk estimate for 
the effect of environmental tobacco smoke was not materially 
altered (29-31). 

 The biologicall plausibility of a causal relationship is, more-
over, shown by (i) the finding of tobacco-specific carcinogens 
in the urine of non-smokers exposed experimentally to tobacco 
smoke in the environment34 and (ii) the occurrence of prema-
lignant changes in the bronchial mucosa of non-smokers at 
autopsy more often if they were married to smokers than if 
they were married to non-smokersn). There can, therefore, be 
no doubt about the reality of the causal relationship nor of its 
order of magnitude. 

  CANCER AND ELECTROMAGNETIC FIELRTS 

 The weak associations that have been reported between sev-
eral types of cancer and exposure to the extremely low fre-

quency electromagnetic fields produced by the passage of elec-
tricity have been much more difficult to assess, because of the 
lack of any firm experimental evidence to suggest that any 
such effects could be produced. Indeed the photon energy of 
such radiation is so small, fifteen orders of magnitude less than 
that of ionizing radiation, that it is difficult to imagine how it 
could produce any significant biological effect at all. The lack 
of biological plausibility does not, however, justify the conclu-
sion that the association is not causal as our knowledge of what 
can happen within a cell is far from complete. It does mean, 
however, that the epidemiological evidence must be exception-
ally clear, if we are to conclude that a reported association is 
causal. 

 It is 18 years since Wertheimer & Leeper 34) first reported an 
association between childhood cancer and residence near over-
head electricity transmission cables, which they described as 
'high wire configurations' and which would cause the local 

electromagnetic fields to be of above average density. Since 
then several epidemiological studies have supported the idea, 
while similar exposure at work has been associated with 
increased mortality from leukaemia and brain cancer. The 
studies of residential exposure have nearly all been of the case-
control type and most have been difficult to assess because of 
high lapse rates and uncertainty about the representativeness of
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the controls. Three, however, from Denmark, Finland and 
Sweden have been able to use random samples of objective 
data from national registries. They have found an excess of 
childhood leukaemia with relatively high exposures, but not of 
other cancers. Numbers are small (altogether only 13 children 
with leukaemia in the most exposed group) and the combined 
findings, shown in Table 5, are not compelling; but in the 
absence of any evidence of confounding similar unbiased data 
for twice as many cases would be. 

 The occupational data, which are much more extensive, are 
much more complex, as is illustrated by the meta-analysis of 
the results relating to brain cancer reported last year by 
Kheifets et al.a. Fifty-two relevant studies in the English lan-

guage literature were identified and 29 were found to be suffi-
cisntly detailed to justify inclusion. These had been carried out 
in 12 countries, with over half in the US and Sweden. For the 

great majority, no precise measurement of exposure had been 
made and exposure levels were guessed from knowledge of the 

type of work (which may have been only broadly classified as 
having something to do with the use of electricity or at best, 
based on a few measurements in the industry). For all studies 
combined the excess in exposed populations was 10 per cent 
with a 95% confidence interval of 5 to 16 per cent, using the 
fixed effect model, and 21 per cent with a 95% confidence 
interval of 11 to 33 per cent, using a random effect model. 
Some of the excess, particularly in the early studies, may be 
due to publication bias against negative studies (as much, if not 
more, by the investigators as by editors). The heterogeneity of 
the results was, however, substantial. The excess was greatest

in case-control studies based on death certificate data (48 per 
cent) less in proportional mortality and other case-control stud-
ies (24 and 26 per cent) and least in cohort studies that might 

be thought to be the most reliable (4 per cent) and it was much 
less in the Nordic countries (2 per cent) than in the US (40 per 
cent) and other countries (30 per cent). Three features, howev-

er, weigh against accepting the low risk in cohort studies as 

typical and suggest that the excess may be real: a greater risk 
for gliomas (16 per cent in 12 studies) than for all brain 

tumours classed together (6 per cent in 17 studies), a progres-
sive increase in risk with exposure in the rare studies that pro-
vided sufficient information to enable it to be classed as low, 

moderate, or high, and the evidence of an increased risk in 
exposed men in the only four studies that based estimates of 
exposure on actual measurements of men actively employed 
that is shown in Table 6. To these findings may be added those 
in the Occupational Health Decennial Supplement to the 

British Census Report for the period 1979-1990 (Inskip, per-
sonal communication) and in the cancer registration data for 
England & Wales for 1981-8743) which were not available to 

Kheifets et al.-18). Both sets of data showed significant excesses 

for brain cancer in the same broad category of electrical work-
ers of , respectively, 15 and 12 per cent. 

 Kheifets et AM believed that their meta-analysis provided 

some evidence against the hypothesis of no association 

between occupational exposure to electromagnetic fields and 
the risk of cancer and provided some evidence to support the 
hypothesis of (1 quote) "a small pervasive effect." They added, 
however, that lack of adequate information about exposure and

Table 5. Relative risk of leukaemia in children unusually exposed to magnetic fields in their homes 

      (three Nordic studies).

Table 6. Relative risk of brain cancer in men occupationally exposed to electromagnetic fields.

a Exposure >0.2    T compared with <0.1     T 

b Exposure > 0.25     T compared with <0.1     T or outside considered distances 

c Exposure >0.2 p     compared with number expected from national rates
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of a clear dose-response relationship made it impossible to 
conclude that such fields were causally associated with the 
excess of brain cancer observed. 

 The findings to date are certainly suggestive of a hazard, but 
their heterogeneity is too great and individual measurements of 
exposure too few to permit a stronger conclusion. The method-
ology adopted, which I have not been able to describe in detail, 
is a model of what can be done with published epidemiological 
data and a few more studies of the sort whose results were 
summarized in Table 6 might enable a sufficiently firm conclu-
sion to be reached for action to be taken, even in the absence of 
any plausible mechanism by which the fields might produce 
disease. 

BREAST CANCER AND HORMONAL CONTRACEPTIVES 

 The best way of establishing the nature of a weak relation-
ship is, however, by a collaborative meta-analysis, in which all 
who have investigated the subject are invited to collaborate by 
submitting their data in an agreed standard form for uniform 
analysis. A collaboration of this type has effectively solved the 

problem of the relationship between the use of oral contracep-
tives and the risk of breast cancer, alhough in so doing it has 
raised a new and intriguing question about the effect of oral 
contraceptives on the rate of progression of the disease`. 

 Female sex hormones began to be used as contraceptives in 
1960, since when some 200 million women throughout the 
world have used them. Early studies showed no relationship 
with the common oral contraceptives containing an oestrogen 
and a progestogen, as was to be expected if there was a long 
latent period, like that characteristically observed with chemi-
cal carcinogens. Subsequently, increased odds ratios began to 
be seen in various subgroups of users which, however, varied 
from one study to another, sometimes being in women who 
began taking the pill before their first pregnancy, sometimes in 
women who began their use under 20 years of age, and some-
times just in women under about 35 years of age, while other 
studies continued to report no effect at all. 

 The collaborative study was set up in 1992 to try to settle the 
issue. All epidemiological studies that included at least 100 
women with breast cancer were eligible. Sixty six such studies

were identified, and data for 54 were made available for analy-

sis. In 11, the original data could not be retrieved and only one 
study had to be excluded for lack of collaboration. Altogether 

information was obtained about 53,000 women with breast 
cancer and over 100,000 women without, cohort studies being 
included by converting them into nested case-control studies 
with four women matched with the woman with breast cancer 

but otherwise selected randomly from those who had not 
developed the disease to serve as controls. 

 The results showed that breast cancer was slightly more 

common in women who used or had used oral contraceptives 
than in women who had never used them, but that the differ-
ence was small and diminished with time since use had been 

stopped. This is shown in Table 7 where the relative risk is 
shown by year since last use stratified by study, age at diagno-
sis, parity, age at first birth, and age at which risk of conception 
ceased. No risk persisted 10 or more years after stopping use. 
When year since last use was allowed for there was no residual 

effect for duration of use or time since first use, but there was 
some evidence for a greater effect with first use under 20 years 
of age. In this group, the relative risk of current users was 1.59 
with a standard deviation of 0.093 compared with 1.24 for all 

current users irrespective of age at starting (SD 0.038); it 
diminished with time since last use, but unlike in other groups 
the relative risk did not disappear completely. There was, how-
ever, some evidence of recall bias affecting the group who 

started use under 20 years of age, as the excess more than 15 

years after stopping was almost wholly due to an excess with 
use lasting for one year or less. When the analysis was repeat-
ed for women who had stopped 15 or more years, classifying 

users for less than a year with never users the relative risk was 
1.01 (SD 0.09). 

 The reduction in relative risk with time since last use means 
that the absolute excess risk is small, since the disease is rare at 
the ages at which oral contraceptives are mostly used . The 
excess risk is consequently small in comparison with the nor-
mal incidence of the disease in European and American coun-
tries in which the incidence by the time of the menopause is 

high. For women who used oral contraceptives between 16 and 
19 years of age, the cumulative excess in the 10 years after 
stopping, when all the excess risk occurred, was 0 .5 above a

Table 7. Risk of breast cancer in users of oral contraceptives (44) .
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normal risk of 4.0 per 10,000 in non-users. For use between 25 

and 29 years of age it was 4.7 above a normal risk of 44.0 per 
10,000 and for use between 35 and 39 years of age it was 21 
above a normal risk of 160 per 10,000. 

 Unexpected, but particularly interesting, was the finding that 
the excess of breast cancer in users was limited to tumours that 
were localised to the broast and that tumours that had spread to 

the lymph nodes or to more distant sites were relatively less 
likely to occur in users than in non-users, the relative risks 
compared to that for tumours limited to the breast being, 
respectively, 0.89 (SD 0.04) and 0.70 (SD 0.11). The cumula-

tive incidence of tumours localised to the breast is, therefore, 
estimated to be somewhat more than would occur in the 
absence of contraceptive use, while the cumulative incidence 
of tumours that had spread beyond the breast is actually 

reduced. 
 These findings raise a number of important questions. 
Clearly there is very little long-term hazard for ex-users, but is 
there any hazard of increased mortality at all given the 
decreased tendency for the tumours to have spread and the 

availability of good medical services? We may also ask 
whether the use of the pill modifies the development of breast 
cancer making it less aggressive or whether the tumours are 

diagnosed at an early stage in tumour development more readi-
ly in users than in non-users? 

 Detailed analysis showed no significant heterogeneity 
between the results obtained by different epidemiological 
methods. The findings cannot be attributed to bias, as they are 

seen equally in cohort and case-control studies, and it would 
seem unlikely that they are due to confounding, since the 
known aetiological factors have been allowed for in the analy-
sis. We can, therefore, conclude that the combined oral contra-
ceptive pill causes a small increase in the incidence of breast 

cancer during and shortly after its use, that this effect is largely 
compensated for by a diminution in the rate of progression of 
the cancer, and that, as far as overall mortality is concerned, 

any increase in risk due to breast cancer is less than the reduc-
tion of risk resulting from the reduction in the incidence of can-
cer of the ovary, which has been amply demonstrated in other 
studies. 

           CONCLUSION 

 Weak associations that are based on small numbers are the 

bane of epidemiology. The opportunities for them to be pro-
duced by bias, confounding, or chance are myriad. As a result 
they constantly crop up in the course of our work. 
Occasionally they reflect something important, but much more 

often they do not. Unfortunately the pressure to publish to 
secure funding, encourages publication at times when the prop-
er reaction would be to see, first, if the finding can be con-
firmed with larger numbers or by another method, particularly

if the association is discovered during the analysis of data 
obtained in response to multiple questions rather than as the 
result of a focussed hypothesis. For, although we have a 
responsibility to provide warning of a hazard as soon as possi-
ble, we also have a responsibility not to cause a scare. 

 Weak associations, like moderate effects of drugs, are the 
best that we can hope to find in most of our research, but they 
can make progressive improvements in the power of preven-
tive medicine. We can, I suggest, respond most effectively to 
this situation in three ways. First, we can be more rigorous in 
the conduct of our research, eliminating bias by ensuring that 
controls are genuinely representative of the population from 
which the cases of interest are drawn and by the greater use of 
objective data for providing measures of exposure, something 
that can sometimes be provided by pathological or physiologi-
cal biomarkers. Our Nordic colleagues, who have been able to 
achieve both desiderata in their studies of the possible effect of 
residential exposure to the electromagnetic fields associated 
with proximity to high power electricity cables, set us an 
example that is hard to follow in many countries, but it is, nev-
ertheless, a mark at which we need to aim. Secondly, we can 
resort more often to the use of controlled trials to test the value 
of screening healthy populations to detect disease at an early 
stage or physiological features that predict risk and to test 
directly the value of possible prophylactic treatments. Thirdly, 
we can collaborate with our colleagues to obtain really large 
amounts of data that can be appropriately combined, so that 
chance can be effectively eliminated, even if odds ratios are of 
the order of 1.2 to 1, and tests can be made for heterogeneity of 
the results obtained by different methods of investigation and 
under different conditions. 

 Weak associations, so far from being the Achilles heel of 
epidemiology that critics and representatives of vested interests 
would like to make out, are among its most important contribu-
tions; they may be socially of great importance and can often 
be revealed only by epidemiological investigation. They are 
certainly difficult to establish and to interpret, but their estab-
lishment and correct interpretation is a challenge that modem 
epidemiologists should willingly accept. 
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