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Can epidemiology become a rigorous science? How big is The Big Kill?

Philip R .J . Burch
Department ojMedical Physics. University of Leeds, The General lt{Trmary, Leeds LSI 3EX . UK

"1n epidemiology there is no perfect sncdy . . . "Gilhcrt W. Beebe in Proceedings»jthc Seventh IrNernafional
Congress of Radiation Research, Amslerdam, 3- 8 Jtt(y, 1953
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Perfect studies in any scientific discipline must be rare. But, confronted with the virtually infinite variety of the human
constitution and condition, the epidemiologist encounters severe difficulties that do not intrude on experiments with
inbred strains of animals under carefully controlled laboratory conditions . In spite of these formidable difficulties, we read
in The Times, November 27, 1985, some strikingly precise claims about the numbers of deaths attributable to smoking .
These claims are made in The Big Kill, a 15-volume document launched by The Health Education Council jointly with the
British Medical Association; one volume was issued for each regional health authority and Wales .

According to The Big Kill, smoking annually kills 77 774 people (55 107 men and 22 667 women) in the whole of England
and Wales from heart disease, lung cancer and bronchitis/emphysema . And because of their smoking, some 108 218
people are hospitalized each year with these diseases . These are undeniably horrific figures and they are probably intended
to horrify . My concern, however. is less with the horror and more with the scientific basis of the claims .

The biologically ignorant but numerate reader might be forgiven for concluding that epidemiology is not only a rigorous
science but an incredibly accurate one, with an implied error in mortality estimates of less than 1 part in 77 774 . The
scientifically trained person can be expected to ask: 1-low were these impressive figures calculated?

The basis of the claims

The social services correspondent of The Times tells us : "The figures have been calculated by using recorded deaths for
heart disease, lung cancer and bronchitis and emphysema, and attributing to smoking the proportions published by the
Royal College of Physicians." This procedure raises the following questions.

First, how reliable is the recording and certification of the cause of death? We have no very recent nation-wide
investigation to guide us but in 1959 Heasman and Lipworth (1) surveyed reports from 75 hospitals of the National Health
Service in England and Wales . They compared the clinicians' diagnosis of the cause of death with the pathologists'
necropsy report. Consider the example of primary cancer of the lung where, admittedly, problems of diagnosis are severe .
Clinicians diagnosed 338 cases while pathologists discovered 417 cases at post mortem ; in only 227 instances, however,
was agreement obtained . If the pathologists' reports were correct then 111, or 33% of the clinicians' diagnoses were
false-positive, while 190 genuine cases (46%) of lung cancer were missed . Although we may argue that death certification
in 1986 is likely to be more reliable than it was in 1959 we must doubt whether perfection has been achieved . We have no
evidence whereby we can estimate the errors that remain in recent and contemporary data .
Second, how well known are the smoking habits of the population? General Household Surveys first included questions

on smoking in 1972 and reference is made to " .. .the difficulties of collecting reliable data on the topic . . .". The Tobacco
Research Council (2) has published estimates of the consumption of manufactured cigarettes by men from 1890 and by
women from 1921 but it was not until 1966 that survey (interview) data became available for all adult age groups of both
sexes throughout the United Kingdom . Although the tendency of people to underestimate their cigarette consumption can
be (and has been) largely corrected by comparing survey data with known total sales of cigarettes, the duration and history
of smoking on an individual basis is not available . Even on a straightforward causal hypothesis the fatal risks to ex-smokers
arising from their former smoking cannot be reliably evaluated •

Third, what reliance should be placed on the estimates of cigarette-caused deaths made by The Royal College of
Physicians (3)? This question is, perhaps, the most difficult of all to answer and the scope for error is the largest, extending
to several orders of magnitude . The Royal College's committee showed awareness of certain difficulties . The starting point
for their calculations (published in 1971) was the survey of mortality among British male doctors who volunteered for the
Doll-Hill study (4) of the effects of smoking . The volunteers, about 69% of living male doctors, were neither
representative of the total population of doctors nor of the general male population . The Royal College made an
adjustment for this latter discrepancy and scaled-up deaths for smokers and non-smokers aged 35-64 years in the general
population, over those among doctors, by the constant ratio, 1 .23. Some assumptions and limitations underlying this
correction were noted (3) and it was considered that the "excess mortality" of cigarette smokers in the general population
would have been underestimated : " . . . . .the method can lead only to an approximation" .

The next step in the Royal College's argument is. perhaps, the most interesting: "It is not possible to give a precise
estimate of the proportion of these excess deaths among smokers which are caused by smoking . There can be little doubt
that at least half of the estimated 31 000 excess deaths among male smokers aged 35-64 in the United Kingdom were due
to smoking . . ." This passage shows a recognition by the Royal College that not all of the association between smoking and
mortality is necessarily causal . However, no procedure is described whereby an objective estimate of the magnitude of the
causal contribution might be derived and the choice "at least half '(3) would seem to be arbitrary . "Judgement" might be
a more dignified description of the choice and is a term favoured by the U .S. Surgeon General (5) in this kind of context .

The Royal College concludes the section on deaths among men as follows : "It would not be unreasonable to attribute t
cigarette smoking 90% of the deaths from lung cancer, 75% of those from chronic bronchitis and 25% of those fro
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coronary artery disease . These probably conservative assumptions lead to an estimate of about 25 000 deaths from these
three diseases caused by cigarette smoking among men aged 35 to 64" (3) .
The even greater difficulty of estimating smoking-caused deaths among women was described (3) and the Royal College

concluded: "But it can reasonably be assumed that at least 40% of the deaths from lung cancer, 60% of those from
bronchitis, and 20'yo of those from coronary heart disease in women aged 35-64 may well be due to cigarette smoking" .

Expressions such as "would not be unreasonable", "probably conservative assumptions", "it can reasonably be
assumed that", and "may well be due to", convey at least some of the uncertainty surrounding these exercises in

judgement .
The Big Kill adopts the above percentages with the exception of that for lung cancer in women which was raised from 40

to 80% on the authority of Professor Sir Richard Doll . That these nicely rounded percentages have culminated in the
estimated annual toll of 77 774 deaths (55 107 men and 22 667 women), is not without a certain whimsical charm .

We are not informed about the procedure used in The Big Killto estimate the number ofsmoking-caused deaths in those
aged 65 and above . The Royal College remarks " . . .this could not be done with much confidence, partly because
certification of the cause of death in older people, who may suffer a variety of disabilities, is less accurate than in younger

people. . . . .no attempt has been made to estimate the number of deaths due to cigarette smoking in older people ." Mortality

ratios (smokers versus non-smokers) for ischaemic heart disease fall with age and approach unity at around 70-79 years ;
they are likely to fall below unity above 80 years of age, thus providing a further complication for meticulous actuaries . The
authors of The Big Kill might have enlightened us about these awkward obstacles to computation and the way in which they
were circumvented .

Is a scientific analysis possible?

We have to bear in mind that the reports of the Royal College of Physicians and of the U .S . Surgeon General were
prepared by committees with a predominantly medical background and outlook . Their primary concern, therefore, is likely
to have been with the avoidance of unnecessary suffering and premature death . No one can quarrel with these aims and the

good intentions permeating the reports . The process of reaching sound conclusions about causation is, however, more of a
scientific than a medical task . Medical skills are required, of course, to reach an accurate diagnosis of the cause of death and
a proper appreciation of limitations in the evidence, but analysis of the resulting statistics calls for familiarity and dexterity
with scientific logic. The two skills are not incompatible but they are not always combined in the same person . We may
note that Feinstein, himself both a distinguished clinical epidemiologist and an expert medical statistician, protests (6) that
a "licensed" epidemiologist " . . .can obtain and manipulate the data in diverse ways that are sanctioned not by the
delineated standards of science, but by the traditional practice of epidemiologists" .

What are these "traditional practices?" The,Surgeon General reproduces in his 1982 Report (5) a passage from his first
report about smoking and health published in 1964 . It encapsulates a methodology-cum-philosophy that enjoys wide

support among epidemiologists : " .. .the causal significance of an association is a matter of judgment which goes beyond any
statement of statistical probability . To judge or•evaluate the causal significance of the association between an attribute or
agent and the disease, or the effect upon health, a number of criteria must be utilized, no one of which is an all-sufficient
basis for judgment . These criteria include: (a) the consistency of the association ; (b)e the strength of the association; (c) the

specificity of the association; (d) the temporal relationship of the association, and (e) the coherence of the association ."
The inadequacy of these poorly defined criteria and the dubious manner of their application to the association between
smoking and lung cancer have been discussed at length elsewhere (7, 8) . With reference to (c), Brownlee commented (7) :

"the way it [the 1964 Report] claims the facts are ir; conformity with the criterion is to flatly ignore the facts" . That
comment remains applicable not only to (c), but to all five criteria (8) . Subjective•judgment, on which the Surgeon

General places repeated emphasis, should play .as limited role as possible in epidemiology as in other sciences . For how do

•we distinguish between judgment and prejudice? Scientific analysis aims to replace subjective judgment by the objective
testing of hypotheses.

Hypothesis testing

Given a well established association in case-control and non-randomized prospective studies between a habit such as
smoking, and a disease such as lung cancer, ~we are obliged by the "delineated standards of science" to consider all the
following possibilities : . • • • •

(i) the smoking, or something closely connected with it such as the means of ignition, causes the cancer ;
(ii) a pre-cancerous condition, such as carcinoma in situ, causes the smoking ;
(iii) some other factor (the "third factor") causes, or predisposes to, both the habit of smoking and the cancer ;
(iv) because (i) to (iii) are not mutually exclusive any combination of them might be required to account for the whole

of an observed association .
In practice the situation is further complicated because "smoking" is not a homogeneous habit and "lung cancer" is not

a homogeneous disease. But even if we were able to confine our attention to a highly specific form of smoking and to a
precisely-detined type of lung cancer, the implications of (iv) are daunting . If the evaluation of an association is to be
comprehensive - and the U .S. Surgeon General (5) makes that claim - then the relative contributions of (i), (ii) and
(iii), together with their respective confidence limits, have to be assessed (8) . So far as I am aware no one has yet
succeeded in this task and, so long as systematic errors persist in the raw data, the problem is likely to remain unsolved .
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Estimates unaccompanied by confidence limits should be treated with extreme caution . Nevertheless there arc ways and
means whereby we can try to approach a solution to the causal problem although, following Beebe, perfection will almost
certainly elude us.

Very often, our main effort reduces to estimating the relative contributions of (i) and (iii) . The American Statistical
Association invited Brownlee to review the first report of the Surgeon General on smoking and health. Ile concluded (7)
that the case for causality between smoking and lung cancer had not been established . But neither did he believe that he
had falsified it ; he held that it was not then possible to reach definitive conclusions because, amongst other things, the
"genetic hypothesis", a version of hypothesis (iii), had not been disproved .
Many people might feel inclined to dismiss hypothesis (ii) out of hand where lung cancer is concerned but in 1959,

Fisher, who was not without a certain competence in these and related matters, was not prepared to do so (9) . it was not
until 1962 that evidence bearing directly on this issue was published . Hypothesis (ii) predicts that the age of onset of lung
cancer will relate directly to the age of commencing smoking . Passey (10) found that the mean age of onset of lung cancer
is independent both of the daily rate of smoking and of the age at which smoking began ; Herrold (11) confirmed Passey's
findings. We may conclude, therefore, that hypothesis (ii), the converse causal hypothesis, can account for little, or no
part, of the association between smoking and lung cancer . It would, nevertheless, be a herculean task to place confidence
limits on this conclusion and specific assumptions would need to be adopted about the age-pattern of the pre-cancerous
condition that (hypothetically) precipitates the smoking . Confidence limits would be model-dependent. I should add that
the observations of Passey and Herrold also place severe restrictions (12) on possibility (i) .

Temporal trends

At first sight, one of the most attractive ways of discriminating between (i) and (iii) might be to analyse temporal trends in
smoking and mortality . The interpretation of trends in a large, effectively closed, population avoids the complications
connected with self-selection . (It is pointless to compare trends in voluntary ex-smokers with those in voluntary
continuing smokers because many studies have shown that ex-smokers differed on the average from continuing smokers
in various respects before they gave up the habit. To draw valid inferences about cause in epidemiology, as in other
disciplines, we have to ensure that the group exposed to the causal agent shall be as near as possible identical to the
unexposed group, in all other pertinent respects.) For an entire, for example national, population consisting of smokers,
ex-smokers and non-smokers, hypothesis (i) predicts, other things being equal, that an increase in smoking will be followed
by a rise in mortality and a decrease will be followed, sooner or later, by a fall in mortality. --

In favourable circumstances this kind of analysis can indeed provide a powerful test . Mortality ratios (smokers versus
non-smokers) for ischaemic heart disease depend on sex and fall markedly with age in both sexes ; these features can be
exploited in studies of the temporal trends in sex- and age-specific mortality from the disease. Unless some (unknown)
factor has consistently operated so as to counter the changes in the putative effects of smoking - other things are not
always equal - we can infer that little or no causal action of smoking is implicated in the pathogenesis of ischaemic heart
disease (13) . Systematic errors in death certification are perhaps the main barrier to the estimation of confidence limits.

Studies of mortality from all causes, which are especially relevant to estirnates in The Big Kill, have one great advantage :
they are independent *of the diagnosis of the actual cause of death. With this considerable advantage in mind I compared
the temporal trends in sex- and age-specific mortality (all causes) in England and Wales, with corresponding trends in
cigarette consumption (14) .'~The period covered'was 1950 to 1976 during which smoking, in terms of "constant tar
cigarette consumption", rose to a peak then fell . Conditions seemed propitious for the detection of the presumed fatal
impact of cigarette smoking but the effects expected, on the basis of mortality ratios from non-randomized prospective
studies, could not be discerned . The trends in mortality - generally downwards, particularly when cigarette consumption
was rising - were obviously dominated by changes in factors other than smoking . Over the age range 20 to 44 years the

cause of the fall in overall mortality was easy to identify: it was almost entirely accounted for by the near-eradication of
mortality from tuberculosis (14). --

Age patterns - -

The curve of age-specific incidence or mortality, versus age, is the age-pattern for the disease . Although the aetiological
importance of temporal trends is well recognized by epidemiologists very little attention has been given to a related
corollary of hypothesis (i) : differences in the consumption per head of a lethal agent with age will affect the age-pattern of
the associated disease . This corollary may be tested if we can assess the age-pattern of the disease in a population that does
not consume the lethal agent . By these means I have demonstrated that the sex- and age-specific death rates for
oesophageal cancer in England and Wales and U .S. Whites (as well as the temporal trends in England and Wales) are
consistent with the hypothesis that the consumption of alcohol helps to cause the disease (15) . The demonstration exploits
an unpopular unified theory of the age-dependence of disease and will not, theretore, command universal acceptance .

The age-pattern of mortality from ischaemic heart disease in males and females, as well as the temporal trends, fails to

support the hypothesis that the various "risk factors", other than the familial (genetic) factor, are causal in origin (13) .

Studies of lwins -'

We might hope to control for the influence of inheritance by studying monozygotic twins in which one twin has markedly

different smoking habits from the co-twin . Such studies suffer from two limitations, one practical, the other theoretical
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(14) . The practical limitation is that of small numbers: monozygotic twins, stightly .under 1% of the population, tend to be
highly concordant for their smoking habits . The theoretical limitation resides in the assumption that monozygotic twins are
genetically-identical at birth . Indeed, cases of monozygotic twins discordant for sex, chromosomal abnormalities and
developmental (genetic) abnormalities have been reported (16-19) . Hence, post-zygotic gene change might render one
twin - but not the co-twin - genetically predisposed to, say, smoking and lung cancer .
The Swedish study of twins by Cederlof et al . (2) offers some evidence about associations between smoking and

mortality. The largest numbers obtainable from their study are given in their Table 7 .10 for the Total Cohort of Smoking
Discordant Groups where smoking discordance within pairs is defined by contrasts between "Low" (including zero) and
"High" levels of smoking . Combining the data for males and females, some 46 deaths were recorded among
"Low"-smoking monozygotic twins and 53 among their "High"-smoking co-twins (p = 0 .26, one-tail, X2 test) . In the
series of dizygotic twin pairs similarly discordant for smoking, 98 deaths were traced among "Low" smokers and 142
among "High" smokers (p a 0 .002) . Ignoring the theoretical difficulties described above, and disregarding hypothesis
(ii), these data favour either the constitutional hypothesis (iii) in isolation, or hypothesis (iii) combined with a small
component of the causal hypothesis (i) .

Randomized trials

Finally, we must consider the scope for the randomized trial, described by Feinstein (21) as the "gold standard" of
epidemiology. It is not feasible to randomize children or adolescents to one group forbidden to smoke and to another
condemned to smoke. However, it has proved possible to randomize middle-aged male smokers to one of two groups : the
inten•ention group, that is subjected to intensive advice by the investigator to desist from smoking ; and the normal care
group, that receives no such special advice . By these means, the decision to abandon the habit in the intervention group is
often strongly influenced by the investigator ; a large and sustained difference in the average levels ofsmoking between the
two groups is the objective in randomized controlled intervention trials. The attainment of a substantial difference shows
that the bias of self-selection has been overcome . Such trials represent the closest approach to rigorous experimental
conditions that has been achieved so far in epidemiology . Nevertheless, Beebe's verdict remains intact . The "perfect
study" requires all pertinent factors other than smoking to be identical, on the average, in the two groups . Any stress
resulting from giving up smoking or any consequent changes of diet and body weight might, in principle at least, introduce
uncontrolled pertinent differences between the two groups. In any case, discrimination between hypotheses (i) and (iii)
will depend on the statistical power of the trial even when uncontrolled differences are deemed to be irrelevant. But
because we can never be quite certain in epidemiology that we have controlled, or corrected, for all pertinent factors the
gold of our "gold standard" is likely to have fewer than 24 carats .

Only one large randomized trial has been reported in which intervention was confined to smoking : the Whitehall Study
of London male civil servants (22) ; the Oslo trial added dietary intervention (23) and the US Multiple Risk Factor
Intervention Trial (24) added treatment of hypertension to smoking and dietary counsel in the intervention group .
The Whitehall Study succeeded in achieving an average rate of smoking, over the 10-year period for the trial, of 7 .6

cigarettes a day lower in the intervention than in the normal care group . Some 123 deaths (17.2% of entrants) were
recorded in the intervention group and 128 deaths (17.5% of entrants) in the normal care group . The trivial difference
amounted to 2% of the mortality and confidence limits were given as -22% to + 23% (22) . This result happens to be in
almost perfect agreement with the constitutional hypothesis (hypothesis iii) but numbers are much too small for a
definitive test . (Although more than twice as many deaths were recorded in the Multiple Risk Factor Intervention Trial -
265 in the intervention group (4 .12%) and 260 in the usual care group (4 .04%) - the statistical power of this outcome,
virtually identical with that of the Whitehall Study, is also inadequate and the complexity of multiple intervention
complicates interpretation) .

It must be emphasized that the Whitehall Study (22) provides the only direct epidemiological evidence from which
estimates of smoking-caused deaths in England and Wales might legitimately be drawn . Nevertheless, the study_ (14)
mentioned above of secular trends in mortality and smoking in England and Wales also avoided the bias of self-selection
and failed to detect any causal connexion ; although more indirect in nature it is fully consistent with the Whitehall Study .
Justification for the claims in The Big Kill, based on mere association (3, 5), is not forthcoming .

Conclusions

The realization that epidemiology faces peculiar difficulties is far front new . In the first edition of his Principles of Afedical
Sratisrics, published in 1937, Bradford l iill (25) issued a salutory warning about the interpretation of a positive association :
"Merely to presume that the relationship is one of cause and effect is fatally easy ; to secure satisfactory proof or disproof, if
it be possible at all, is often a task of very great complexity ." Under the influence of Popper we no longer aspire to "proof ' :
in empirical science but the more modest objective of corroborating the claim that smoking kills 77 774 people annually in
England and Wales from heart disease, lung cancer and bronchitis/emphysema remains "a task of very great complexity" .
I even feel tempted to discard scientific caution and to suggest that this lesser task lies beyond the collective efforts of the
Health Education Council and the British Medical Association . This is evidently not their view and we must presume that
they were not fully appraised of the dilliculties ; the calculation of the annual toll to the nearest death from percentages
rounded to the nearest five betrays a certain innocence. (But was it surmised that 77 774 would make a more dramatic and
persuasive impact than about "80 000" which might hint at some doubt and ambiguity?) Although the outcome might be
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seen as a monumental absurdity by some of us the blame lies not with the compilers of the 15 volumes . A weakness within
the scientific community is manifest .

Fisher, Brownlee and Yerushalmy, statisticians of the highest eminence, have drawn attention to inadequacies in the
evidence and the methods, including "catastrophic and conspicuous howlers" (9), but their warnings went largely
unheeded and the propaganda machine gained momentum to pursue its victorious course . Oliver observes (26) :
"Cardiologists and physicians throughout the world are being persuaded by health educatioitalists, and some
epidemiologists who have also assumed this role, that the only really effective way to prevent coronary heart disease is to
endorse and promulgate changes in the lifestyle of the public at large . Such is the force of the juggernaut set forth by these
propagandists that little credence is given to genuine scientific scepticism" .

By transforming a rather dif[icult scientific problem into a simple and essentially moral issue such as : "Smoking is the
largest single cause of preventable, premature death in this country", the crusaders have disarmed many a potential critic .
What bright but ambitious young epidemiologist would dare to challenge the establishment? It will be, and has been,
contended that in matters of life and death some relaxation of scientific rigour is justifable; opposition to orthodoxy, with
the taint of sophistication, can be represented as obscurantism . Health educationists should reflect that the creation of an
unnecessary sense of guilt and I'ear in smokers is itself grossly irresponsible .
My opening question remains: "Can epidemiology become a rigorous science?" It is clear, I hope, that human

variability and the impossibility of exercising total control over the environment will always prevent epidemiology from
attaining the high degree of rigour associated with the experimental sciences . On the other hand, the grosser absurdities
that accompany so many propagandist claims can be and should be avoided . Carefully conducted case-control and
non-randomized studies lead to the identification of "risk factors" and our troubles generally begin at that stage . A strong
dose of scientific scepticism is needed to combat the persuasive influence of the positive association . I met a director of a
medical research unit (not an epidemiologist, I hasten to add) who seemed incapable of understanding that association
does not necessarily imply causation . Intellectual limitations, coupled with a sincere commitment to the ideals of medicine,
can be a powerful combination . But, confronted with a reproducible positive association we have, as scientists, no
alternative but to suspend judgment and to proceed to the objective testing of hypotheses (i) to (iv) above .

In spite of limitations the randomized controlled intervention trial offers the most direct test available . It probably
justifies Feinstein's "gold standard" accolade provided we bear in mind the sub-24 carat composition of the average
samp!,--. -'Lhe<outstanding-practical-problem is the cost : the Multiple Risk Factor Intervention Trial cost about S115 000 000
and was not nearly large enough. Moreover, that trial gave the "wrong" result and strenuous efforts have been made to
rescue something from the wreckage, although Stallones risked the creation of many personal enemies when he wrote
(27) : "My conclusion is that the best explanation for the failure to detect a beneficial effect in MRFIT is that no benetit
accrued. No amount of squirming on the hook alters the fact that for every 1000 test subjects 41 .2 died and for every 1000
control subjects 40.4 died ." Enthusiasm for sufficiently large, and therefore very expensive, randomized trials is not going
to be unbounded .

Studies of twins have suffered from small numbers and although they can offer powerful corroboration of constitutional
hypotheses they cannot, for theoretical but well founded reasons, reject such hypotileses .

Given good inform2tion about the age-dependence of the mortality ratio for "a risk factor", or the sex- and age-specific
consumption of a putative causal agent such as alcohol, analysis of the age-pattern of the associated disease can offer strong
corroboration of the constitutional hypothesis, (iii), as in reference (13), and of the causal hypothesis, (!), as in reference
(15) . Such demonstrations depend to some extent on theory and they are unlikely to convince sceptics, particularly those
unencumbered by mathematics .

Temporal trends can offer valuable clues and, when diagnosis is reliable, they can define cohort and period effects . Sex-
and age-specific data for the trends in mortality and putative causal agents can render plausible both causal and
constitutional hypotheses although it is usually open to objectors to argue that an unknown factor changed in such a way as
to cancel the effects of the putative causal agent . When such objections can be overcome temporal trends provide powerful
tests of hypotheses (i) to (iv) . Such studies are inherently quantitative in character ; they often exploit generally available
data and when they do they are very cheap . But, other things are not always equal, and the perfectionist will always suffer
pangs of doubt and conscience about the unknown factor .

What of my subsidiary question : "Iiow Big is The Big Kill?" The notorious_ 77 774 deaths per year have to be consigned
to the realm of fantasy but I have to confess to being unable to produce a neat alternative. Findings from randomized
intervention trials, the studies of twins, and the temporal trends of mortality in England artd Wales are all consistent with
the null hypothesis of no fatal action of cigarette smoking but confidence limits are wide for the first two types of study and
cannot be reliably estimated for the third . No sound scientific estimate is yet attainable. "Whereof one cannot speak,
thereon one must be silent ."

Finally, do critical essays like the present one serve any useful purpose? Past experience indicates that they are largely
ineffectual and change few opinions; but if the condition of freedom is eternal vigilance then the delineated standards of
science surely call for occasional recapitulation .
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