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WO years ago, in his Cutter Lecture, one of
T py predecessors pointed out that the object of
any science in “the accumulation of systematizred
verifiable knowledge,” and thay this is to be achicved
through “observation, experiment and thought” —
the last including both criticism and imagination.
He then added, “the use of the experimental method
has brilliant discoveries to its credit, whereas the
method of observation has achieved little,” Thia
dictum must surely prove, at least at first sigh,
more than a lintle disconcerting to the exposent of
preventive medicine, In dealing with the character-
fstics of human populations, in sorting out the fea-
tures of the environment that are detrimental {rom
those that are beneficial, he does not often find it
easy to experiment, The methed of observation
frequently plays a large part in the pardcular study
of mankind that is his prerogative. Is it, then, quite
so useless’ Must he give it up as mercly a time-
wasting habby!

Looking farther back in time I found that these
questions had been considered, ay indeed I bad ex-
pected, by my statistical forebears and teachers in
Great Britin, They did not perhaps have quite so
pessimistic an outlock as the one I have quoted
above, but they certainly did mot underrate the
difficulties of the observational approach or overlook
the value of the experimental method. Thus, in
1924, Yule's* view was that the student of social
facts could not experiment bur had to deal with
circumetances operating ¢ntirely beyond his control;
he muec accept records simply of what haa heppened,
He wrdte:

The expert in public health, for example, must ke the
records of deaths a¢ they oceury and endesvour a¢ best be can
to interpret, aay, the varying incidesce of death cn different
districts, Clearly this it » very diZicult matter...The pur-
pare of zxperimant it 10 replace thae highly complax ungles
of causatlon, [and] the more perdect the cperiment = the
more nearly the ezperimental ideal ia attained —tbe lem is

the influence of disturbing causes, sad the lesa necauary the
una of atatisticsl metheds,
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Greenwood! has a characteristic passage, which
I quote in full since 1 believe that the part of it
that has no close bearing on my present thesis will
nevertheless more than bear repetition today;

My conceptom of the sucistica] methad in medicine b
changed 3:: lass 20 years; this Lt eapecially 0 with r:n:d.
to the bearing of atmintical methed upon iment, [ used
to see in the matistician the critle of the boratory worker:
it in u tdle which ls gratifying to youthful vanicy, for it is
o eaty to chear aneself into the beliel thar tha critic hs
soine Intellectusl auperiority aver “the criticised, 1 do not
think even mow that stistical crlticlim cf laboratary in-
vestigations i uscless, but 1 avtach enormonsly more value
to direct collsboration, the making of etatisucal experiments,
and the permeation of svatistiea! research with he esperi-
mental spirit,

The last words — written nearly thity years ago
— are, I suggest, the operative clause in che present
setting — the permeation of statistical research with
the experimental spitit. Although, a& Yule said,
facts must often, inevitably, be accepted as they cc-
cur, one does not have merely to accer: facts as they
are reported. One need not accept 28 final what
some third party can give, or chooses ta give — for
example, @ registrar-general or 2 census bureau,
Such reported observations may, of course, prove
to be a most valuable indicator of & problem; they
may be, thereby, the starting point of research, Bus
when the pattern of cause and effect is complicated
they ate often not likely to provide  solution. The
methods of partial correlation, enthusiastically ac-
cepted a quarter of a century &go, o longer seem
to have an “vnlimited powsr to penetrate the secreu
of nature.” One must go seck mare facts, paying
less ateention to technics of handlisg the data and
far more to the development and perfection of
methods of obtaining them, In a0 doing one must
have the experimental approach firmly in mind, In
other words, can observatione be made in auch a
way as to fulfil, as far as possible, experimental re-
quirements?

AnciEnT OssErvaTioN (THE CKOLERA)

It was in this way, nearly & hundred years ago,
that John Snow approached his problem, not only
as &n incomparable master of logical deduction from
observations but also, it should be noted, us the
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constructor of obaervations. To recapitulate briefly,
his opening arguments are based on vital statistics
of the different areas of London. Using the deaths
given in the firat report of the Metropolitan Sanitary
Commission (1847), he first shows the excessive
mortality from chelera that in the epidemic of 1832
befell the districts supplicd by the Southwark Wates
Works, a company that drew ity warer from the
Thames at Londen Bridge and provided worse
water, according to Snow, than any other in the
metropolis. Even the order of precedence between
2 flea and a louse is sometimes, it appears, of im-
portance. A death rate from cholera of I1 per 1000
inhabitants stands out starkly amidst the rates of
2, 3 aod 4 for other districes of the city, bur clearly
that unenviable record might be explicable in terms
of some quite different local characteristic. The
evidence gives a lead but no more, The case is some-
what, but not at all convincingly, strengthened by
the events of 1849. The highest mortality rates from
cholera were again consistently to be found in the
districts supplied by the Southwark Company (now
combined with the South London Water Company
to form the Southwark and Vauxhall) and also in
those served by the Lambeth Company; both com-
panies drew their water from the Thames in its most
contaminated reaches. In 1853 there begins to ap-
pear rzason to sit up and even to take notice. The
Lambeth Company had removed its works {rom
central London to Thatmes Dicton, where the river
was wholly [ree from the sewsage of the metropolis;
the Southwark and Vauzhall Company continued to
preseribe for its customerz the mixture as before.
In the 12 subdistricts scrved by the latter 192 per-
sona died of cholera in the epidemic of 1853 — with
168,000 persons living the crude rate is thus 114 per
100,000. Ta 16 subdistricts served by both com-
panies 182 perons died; among 301,000 living, that
i9 & rate of 60 per 100,000, In three subdiatricts of
15,000 persona served only by the Lambeth Com-
pany nodeaths from cholera were reported.

So far do the atatistical abservations run} so far
but pot far emcugh. On that shewing alone one
might even hesitate to accept Snow’s ‘very trong
cvidence” against the water supply, He himself was
indeed of that mind, for “the question,” he cbserved,
“does not end here” (he had no intention of letring
it end.there), It was not said without reason that
wherever cholera was visitant there was he in the
midst. He noted that the Southwark and Vaushall
and Lambeth companies were competitors o that in
some subdistricts the pipes of each went down all the
streets and into nearly all the courts mud alleys:

Exch C:mpany suppliss both rich and poor, both lar
houses i=d small...No fewer than JOO.OOOP‘;ople of bo:‘ﬁ
tesen, =i ¢very age and oceupation, and of cvery rank and
suation, f:am gentlefolk dawn to the very poor, were divided
Nt two graups withaut their choice, and, in mom cases,
without taeir knowledge; ane graup being mupplied with water
couuining the swage of London, uud, amonpt it, what-

8. A8, F£T1.1

‘THE NEW ENGLAND JOURNAL OF MEDICINE

|93 d290H UDar

June 11, 1983

ever might have come lrom the cholara patiens, the other

grovp having Water quite free [rom such impurity,

Here, then, was an unwitting experiment on the -
grandest scale, and Snow set himsell to learn i
results,

In 1854, with one medical man to assisc him, up
and down the streets, courts and alleys of South
London he tramped in the summer's sun, learning
for cvery cholera death the water supply of the
household. Thus, by personal, persisteat and ac
curate field work were the basic vital statistics in-
finitely strengthened. In 40,000 houses served by
the Southwark and Vauxhall Company 285 fatal
attacks were found in the first four weeks of the
epidemic of 1854 — 71 deaths per 10,000 households;
in 26,000 houses served by the Lambeth Company
14 fatal avtacks were found —only 5 deaths per
10,000 households. Tn such a4 way was absgryation
success{ully added to obuervation to form a coherent
and convincing whole.

It might be argucd that Snew was lucky in having
at hand a nawral “experiment” Perhaps he was.
But such “experiments” or, at the least, effective
“contrals” would fiot, I believe, really prove to be
so rare if one invariably cast one's eyes round for
them after viual seatistics, or similar observatiom,
had given 2n appropriste lead,

Certainly, in the famous Broad Street Pump out
break of cholera no experiment offered. Its story is
too well known to need any detailed reference here,
buc having brought Snow into my picture, I could
nat bear to pass it by wholly unsuag, It is not 1o
much for persuading the local board of guardiam
to remove the handle of the pump that Snow here
deserves credit— though for this aloge it is often
paid to him. Ig fact sither through the flight of the
terriied population from the acricken area (and
Snow himgell says that “in less than 6 days the most
afflicted streets were deserted by more than threes
quarters of their inhabitants™) or through natunl
epidemiologic causes, the outbreak hed been stecply
declining for five or six days before the well was
thus put out of action, That “experiment” provides
o useful evidenge.

It is again in the field work chat his strength lies:
the map showing the concentration of deaths around
the pump with their number diminishisg gready, or
ceasing altogether, at each point where it became
decidedly nearer to send to another pump; tha
demonstration ol the cscape of the inmates of the
workhouse, which had fts own well, and, similarly,
of the 70 workmen in the brewery who knew better
than to drink water —or if somehow driven o do
50 drew {rom 2 well within the brewery. And the
striking individual histories, the mest conclusive of
which Sherlock Holmes might well have called “the
curious case of the Hampstead widow” In che
weekly return of births and deaths of September 9
publishad by the Registrar-General of England and
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Wales there appeared the following entry: “At
West End [Hampstead], on 2zd September, the
widow of a percussion-cap maker, aged 59 years,
diarrhoea two hours, cholera epidemica sizteen
hours.” (The times refer to the 3uration of the fatal
illness, then —and again ncw —entered by the
medical practitioner upon the certificate of cause of
death,) One of the facteries in Broad Street made
percussion caps, but on inquiry Snow found that the
widow had not been in the neighborhood for many
months, However, she still preferred the water from
the pump o that of the more salubrious neighbor-
hood to which she had retired, and she commis-
sioned a carter who drove dailly berween the two
points to bring her a large bosle. The bottle was
duly delivered on August 31, She drank of it 'und
died two days later, A nicce an a visit to her like-
wise drank of it. She then remarned to her home in
Talington, where she died of chalera. There was no
cholera extant in cither neighborbood,

To digress for a moment, there was at least one
other person who drank of that botule, The story
bets is, perhaps, less well known. The first medical
officer of health for Hampstead (now one of the
metropolitan boroughs of Londen) dictated 2a an
old man in 1889 some recollections under the dite
of "The Sanitary Experi¢nces of Charles F. J. Lord,
MR.CS" It is now held ir manuscript in the
Hampstead Public Library but was privately printed
for circulation among the old man’s [rlends. There
it a copy in the library of cbe Surgeon General in
Washington under the title, “‘Jomings! §ome ezperi-
ence with reflections derived tkrough life and work
in Hampstead from 1827 to 1877” (Pamphiet Vol.
3807). Lord himeclf died before making final cor-
rections of the proofs, On papes 36 and 37 of the
printed version the following passage is included:

A memorable case of what we may consider an imported
cause of disesse happeticd st Went En re. Eley Mother
of the renewned firm "Eley Brotbers™ had lived in Broad
Sueet Soho, end bad drunk with giorifieation from 5 decp
well there situated. On leaving I.aE:n, she had o big srone
botde broughe daily for the umc o bersell st West End.
Summoned hastily 10 se2 the old lady | found her io che early
stuge of Cholers — remedics were mnavalling, though soller-
wourly applied In every way by a daoghter und cne of her
was. A conaultalon with the bighly esteemsd Dr. Farre
cnsyed, the Patient never rallied, ded that night, The cause
of the disause at that time Wit never suspected; it wan proved
slterwards by the untllng invearipstions of Dr. Suow, that
the water from the Braad Streat well was contaminated and

roduced the disasse; a sart of practimal joke srose mon‘ the
%etwuleu of the Broad Street dintrict; thote who wick 1o
the Porter eqpecinlly thoie ol the Bovwery were rarcly victims
te the discace While those who crunk the water fell fait
around. I mysell while artending cosely on the old lady, a¢
alo war her daughter, was muct wpubled with Disrrhoca
having uneuspiciously sipped wome of the itnported water.
This imsipient [rie) stugn of Choeea scon paned sway, in
whe theence of full or renewed doses

Here, then, o return to my thesis, is a master-
piece — many persons would say the masterpicce —
of observation and logical inference, made many
years before the discovery of the vibrio of cholera.

fRISES AR ST

EXPERIMENT — HILL, 1

It shows — as many other examples have shown —
that the highest returns can be reaped by imagina-
tion in combination with a logical and critical mind
a spice of ingenuity coupled with ac eye for the
simple and humdrum, and a width of vision in the
pursuit of facts that is allied with az attention to
detail that is almost nauseating.

MopeaN OnservaTioN (RuBELLA)

A modern example of acute observation lies in the
story of rubella in pregnancy unfolded, almost a
hundred years later, in Australia. Again, the atory
is too well known to need retelling, buc it has a facet
perhaps less familiar and yec of greac incerest to
the student of public health —in owther words, to
the observer of group phenomena, It might well be
that the congenital defects observed in Australia in
the years 1938 to 1941 were something new in medi-
cine, that the rubella epidemic was of a particular
virulence, or thac the virus had acquired some un-
usual characteristic ac that time, Indeed, there is
¢o much folklore attached to events in pregnancy
that if the effects of German measles were an old
phenomenon cne might possibly have expected w
find some old-wives’ tale concerning ir. I know of
none in Britain. That the story wae not, however,
new in Australia is strongly indicated by the sta-
tistical obszervations marshaled by Lapcaster! In
cach of the reports on the Australizn censuses of
1911, 1921 and 1933 there is a section that deals
with the enumerated prevalence of blindness and
denf-mutism, The incidence of the latter is reveal-
ing; it shows a maximum in each census correspond-
ing to persons born in the years 1836-1500,

At che census of 1911 the peak lay in the age
group from ten to fourteen, and thz sratistician,
writes Lancaster, “was inclined to ascnbe the maxi-
mum to the more complete enumeration of che deaf
at the schoo! ages”; most observers would, I auspect,
have taken that view. When, however, in 1921, the
peak shifted to.the age group twenty to twenty-
four the statisticlan conaidered spidemic disease as
a possible cause. He suggested that the increased
incidence of deafness at certain ages might synchro-
nize with the occurrence of such illnesses ax “scarlet
fever, diphtheria, measles, and whooping cough.”
In the report on the census of 1933 infective disease
was again discussed. But the lead given by the some-
what crude vital etatistics was not, it appears, fol-
lowed up at the time. Lancaster himsclf has followed
it up—in 1951 and therefore, of course, after the
clinical observations of 193841 — by examining
the dates of birth of children admitted to institutions
for the deal and dumb. He finds, to ke a single
cxample, that of those admitted in New South
Wales 15 were barn in 1298 and 16 in 1900. For the
intermediate year 1899 the figure soared. to 70,
Fusthermare, these 70 are rot evenly spread through-
out the year but are concentrated in the months
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of April wo September. On such evidence, matshaled
in detail and with ekill, Lancaster conclydes that
“"deafness has appeared in epidemic form in Avstralia
in the past, notably among children born in 1899,
1916, 1924, 1925 and in 1938-41” and that “there
i some presumptive evidence that all thess epi-
demics, with the exception of that in 1916, were
caused by antecedent epidemica of rubella” Tt
gcemns 5o easy Aow, he rightly obaerves, to suggest a
causal rclation; it is always casy to be wilse after
the event. Neverthelesa, there was at least a legible
scrawl on the wall — additional and acrurate data
ware there for the secking and, once soughr, offered
2 clear case for a carefully designed feld inquiry.
The combined observational and statistical appreach
could have won the day; it could have won it quite
a long time ago.

Cancer or tHE Lunc

This approach seems to me to be the only one
possible in another matter of community concern
woday — the eticlogy of carcinoma of the lung. The
starting point is as usual the national registration
system. “T¢ is somerimes asked,” says Stocks,* “how
statistics ¢an cure diseass,” and he suggests that one
may counter the question by anether question: “how
many researches which have led to real advances in
Medicine would ever have been started had there
not frst been some statistics to suggest that here
wss a problem to be investigated!” In this par-
ticular instance it js, of course, admitted thae skill in,
and modern adjuncts to, diagnosis make more than
dubious the whale gamur of changes that the system
of vital statistics reveals, But there is, in my opinion,
more thas cnough evidence to regard some of that
change as real and to justify & gearch for a cause
of a truly rising mortality in England and Wales.
Aided and abetted by the Medical Research Council,
Doll and I set about that search in 1947, Our aim
was to make the field observations mirror an expeti-
mental design as acarly as possible. For each pa-
tient with ¢ancer of the lung we soughe a “control”
pacient with some other disease — a paciest of the
same sex, of the sume age group, in the same hos-
pital at or'about the same time, but otherwise chasen
at random. In other words, we sought, as in an ex-
periment, to limit the variables, We limited them,
too, not only in this way but alse by employing, in
history taking, only a few skilled interviewers, each
armed with a prescribed set of questions, We made,
of courte, no frental attack upen smeking, which tn
our original questionnaire formed bur one section
out of nine —eleven questions out of nearly fifty,

Having admitted to a questionnaire of that magni-
twde I shall teke this epportunity to defend myself.
For I have been reported as having advecated, be-
forc a conference on the application of acientific
methods to industrial and service medicine, "that
nobody should be subjected to more than five ques-
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tions.”” I am, indeed, in favoer of shorter and
brighter forms but not always to that extent, What
I said on that accasion about the problems of making
obscrvations of any value, was this: “broadly speak-
ing, of any twenry questions asked in a ficld survey
not more than dve should be put to the surveyed,
and not less than fifteen should be put to the sur-
veyor by himsell before he enters the field or, in-
deed, ventures 1o look over the gate™ In other
words, I maintained, though doubtless somewhat
clumeily, that one may ask as'many queations as one
believes useful — o long as the ratio one to the
surveyed and three to the surveyor is maintained
throughout. A basic query in the latter group will
be, in every case, “is this question really necessary?”
It is surprising bow often that will effectively keep
down the number incorporated.,

On the other hand the observational approach
has perhaps been somewhat discredited by a too
frequent [ailure to keep down that aumber, a pathet-
ically notable lack of the critical and imagjnative
thought that, as Sinclair noted, must be an integral
part of the scientfic method, — in ether words, and
more briefly, too few ideas chasing teo many formy.
That evil is, of course, no prerogative of the United
Stater of America, but I cannet refrain from
citing from Eric Linklater's® deleciable book (that
is, to an Englishman) Juan in America, Even
twenty-two years ago he was moved to write that
“the issning of questionnaives had become a national
habit, and work was provided for many peeple, who
might otherwise acver have found employment, in
dealing with such returns: that is in docketing them,
tabulating, copying, indexzing, cross-indexing, re-
arranging thern, according to ethni, religious, social,
geographic and other factors, and eventually com-
posing a monograph on them for the Library of
Congress,! Perhaps Americans were quicker off
the mark. I would, however, warn them that we oa
the other side of the Atlantic are not being back.
ward and meay even overake them in these pation
vices and devices. Co

Rewurning to my theme it is, of course, possible
that the relative absence of nonsmokers and the
relative frequeacy of heavy smokers that Doll and
I found in our patients with cancer of the lung (and
that other workers have also noted) i really a
function of some other differance bstween the two
groups, We do not ours¢lves, for several reasons,
believe that to be 8o, and it ia cerainly worth noting
that patients with pulmonary cancer and controls
ure remarkably aiike in other characteristics that we
Bave recorded. Nevertheless, here les, I admit, the
weakness of the observatjonal as compared with the
experimental approach, With the former we can de-
termine the most probable explanation of a contrast
in our data; given the provision that we have taken
sufficient care 1w remove disturbing causes, that
probability can be very high, But with a well de-
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signed experiment it should be possible o eliminate
{or allow for} nearly all disturbing czuses and thus
to render the interpretation of the contrast even
more certain,

Yet in this particular preblem what experiment
can on¢ make! We may subject mice, or cther
laboratery animals, to such an atmotphere of tobacco
smoke that they can — like the oid man in the fairy
story — neither sleep nor slumber; they can neicher
breed nor eat. And lung caocérs may or may not
develop to a significant degree. What then! We
may have thug strengthened the evidence, we may
event have narrowed the search, bur we must, I be-
lieve, invariably return to man for the final proof
or proofs.

In thie instance one other method of inquiry is
now being applied both in the United States and
the United Kingdom: a “Jocking-forward” investiga-
tion. Up till now investigators have taken already
marked subjects — together with a control aeries ——
and have inquired into their antecedents. That kus
been the method not only, of course, in this par-
ticular inquiry but in many others. It i & narural
spproach and one likely o yicld quick returns, Adule
patients with peptic ulcers are questioned concerning
whether they came from broken homes; those with
theumatoid archritis are questioned on their pre-
vious shocks and ills; and the views of the victims of
neurosis upon che habits of their fathers are sought.
The resulting picture, the contrast between marked
and unmarked, may be clear cut, and yect it may be
difficult to distinguish between effects and causes,
between horse and cact. Memories may well be
more profound and more reteative in the “marked,”
and they may indeed be more highly colored —
what the adult neurotic thinks of his father may not
always be the truth. Even with the methed at its
best one can rarely hope to make a prognosis by
these means, to measure the probabilives of events.
But that is what s usually needed: first to observe
the broken, and unbroken, home and then to record
the subsequent histery of ita youthful inmates. That
is clearly difficult to do and calls for a considerable
degree of pavence, which most iavestigators do not
possess, But if the forward approach can be em-
ployed, it is, I believe, almost always the right way
to go to work; in any observational inquiry its pos-
aibility should invariably be considered,

In the particular investigston that Dell and 1
now have under way — broadly into the deaths in
the nexe few years of men and women on the British
medical register whose smoking habits are already
characterized at a defined point of time (late 1951)
—it again, of course, would not follow that any as-
sociation we might find beiween death from cai-
cinoma of the lung (or other causes of death) and
smoking habits must be a direct association. The
heavy smokers may be differentiated from the light
smokers in some orher way, which might have ¢oine
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bearing on the risks of a bronchial cardpoma. We
are still faced with the most probable explanation,
But we may, 1 submit, have furcher narrowed the
field of porsible variables, of errors of emissich or
commission.

Tue Tisp ExpexiMENT

There is today an increasing resert to the ficld
experiment, a diatrict, a town, a achool or a factery
being used ag the laboratory, It is a striking de-
velopment of the present age and, if the require-
ments of an efficient experiment can be met, a most
valuable ene. But those requirements muse be met;
a poor expctiment serves no purpose. Yer it seems
that the very magic in its name may serve to misldad
those who worship at the experimental shrine,

As an example, in a recently reporied study of
vaceination against influcnza, the subjects for in-
oculation were chosen on a voluntary basis and
"“without any great propagands 32.8% of the total
employees involved in the Survey voluatarily re-
quested the inoculations.” This one third, sell-
selected group is compared with the femaining wwo
thirds, who, like Gallio, “cared for mouve of those
things,” Of the 1148 inoculated persons 10.80 per
cent were attacked by influenza, and of the 2349
remaining population 15.02 per cent. The difference
is “statistically significant” with a “P of 0.00567."
And yet does this ritual and do all these decimal
places mean anything at all! Admittedly, the tech-
nical test says that the two groups had experi¢nccs
that differed by more than one would expect w
occur by chance; equally, it tells nothicg else. As
it stands 1 do not myself believe thar it gives any
support whatever for the author's conclusion thar
here 13 evidence "strengly in faver of the immuni-
zation ol large groups in industry.” Yet I have no
doubt that iv will be cited ia the licerature under the
caption “it has been shown by experiment.”

In my view this is not an experiment at all, Some
observations have been made of the recorded in-
cidence of “influenza™ in two groups. The investi-
gator knew (and so incidentally did the two groups)
that they differed in one respect ~ inoculation; they
may well have differed in a score of others — even,
for all ane is told, in such simple respecis as age and
sex. None of the other possible variables of im-
portance were cotieroiled, and it is well known that
in trials of vaccines a self-selected group is most
unlikely to be a repreaentative sample of the total,
Field experiments are not, unfortunately, as easy to
design and carry out as all that, In this parvicular
field — vaccination against influenza — I speak with
conviction, for the Medical Research Council las
during the last winter carricd out some esperiments
in industry, — trials of methodology, 1 should say,
as much as of vaccines. We teo, of course, have had
wo rely upon volunteers for our basic material, Thete
is (fortunatcly) no other way of setting up a trial,
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But the volunteers were divided at random into twe
groups — an inoculated group given the influenza
vaccine and an ineculated group given a dummy
vaccine. We had their general consent to that pro-
cedure, but in the individual case it was unknown. It
was also unknown to the medical practitioner diag-
noaing such illnesses as occurred — influenza, pos-
sibly influenza and other diseazes. In such ways we
have endeavored to equalize our groups d¢ novo —
1o eliminate bias from the subsquent observations.
Whether, having to cast our epidemic net wide, we
have succeeded in obtaining accurate and comparable
records from a score of factories and still more doe-
tors remaing to be seen, Such experiments involving
human beings are, I repeat, not easy to carry out;
they are, as a rule, costly, Yet in relation to the
returns rendered they are relatively cheap. A well
designed plan may in a few months, or years, fore-
stall years or decades of indeterminate, unplanned
observation,

ConcLueion

There is on¢ thread that runs~—or {t might be
more acgrate to say wanders — through this lecture,
I have been unable —even if I would — to conceal
my preference in preventive medicine for the ex-
perimental approach. At the same time that prefer-
ence does not lead me to repudiate or even, I hope,
to underrate the claims of accurate and designed
observations. But I would place all the emphasis
at my command upon those adjectives, In this field
of preventive medicine [ share, on the whole, the
view regarding the curacve aspects recencly esz.
pressed by Platt,!® professor of medicine in the Uni-
versity of Manchester. Records in clinical research
are likely, he suggests, to be disappointing;

Unlas chey have beem kepe with sn end [n view, 12 purt

ol a plagoad experiment. . .Clinical experiment need not mean

the subjection of fqlh‘m to uncomfonuble procedurey of
doubtful value er

of uctiom and the recording of observations devigned to

withtand criticsl analysia and fv: tha anawer to & clinical

problem. It is an actlude of mind,

In appropriately ezploiting that attitude of mind
one may well need, in this age of technicalities, close
and constamt collaboration, Today, as Joseph
Garland™ pointed out in this city of Boston, “the
mathematica of research has expeessed jtself in a
multiplicity of graphs, charts and tsbles with the
aid of which the average reader at a quick glance can
often learn next to nothing” The biostatistician
must therefore acquire 4 taste for lying down with
the =pidemiologist, and the bacteriologist with the
medical oFcer of health (I speak in fables).

There a:e, of course, no grounds for antagonism
between csperiment and observation, The former,
indeed, depends on observation but of a type that
has the good fortune to be controlled at the experi-
menter’s will. In the world of public health and
preventive medicine each will —or should — con-

SLEE B88L £T4

cnefit. It mesns the plannm! of a line.

| 34 d30H wUuDS

stantly react beneficially upon the other. Observa-
tien in the field suggests experiment; the experiment
leads back to more, and better defined, cbeervatione
However that may be, it is difficule o see how oe
<an wholly, or cver, escape from Alexander Pope’s
spigram. How cise but by ohservation upon mun
himself being born, living and dying, can one set
about the solution of such problema as prematunty
and suillbirch av one end of life and cabcer and
coronary thrombosis at the other? Howeaver tangled
the skein of causation one musc, at least at first,
uy to unravel it in vive. As Pickering' hay spid:
“Any work which seeks to elucidate the causs of
disease, the mechaniam of djsease, the cure of die-
ease, ot the prevention of disease, must begin aad
end with observations on man, whatever the jnters
raedidte steps may be.”

The observer may well have to be more paueat
than the experimenter — awaiting the occurrence
of the natural succession of events he desires to
study; he may well have o be more imaginative —
sensing the correiations that lic below the surface of
his observations; and he may well have to be more
logical and less Cogmatic — avoiding as the cvil eye
the fallacy of pore hoe ergo propier hoc, the mu-
taking of correlation for causation.

Lasdy, [ quote the words of Professor William
Topley,'* s Britsh worker for whom 1 had a pro-
found admiration and from whose wisdom 1 en-
deavored to learn:

A grest purt of clinical medicing, and of epulemioluyy,
aust will be ubsarvation. Nature makes 1be axperimenn,
sod wa waich aud wadentand them if wo can. Nu oce wiil
deny that we shood always ain st plansed intervention ang
tloser control. Ham, ap elsgwhere, technlqua=the way we
l::llthl:lf‘orrﬁ — lm::::::::n_l:bw d‘l.v s

a
= g e

ated categories iy abzmwe ax duoperous 2 beresy

tod art [nl&nnﬁ:'ne] d:n\ir.h?in.bh vends J; :::: the
cialclan in the ward, the epidem in and
the laboratory worker st his buch,b:fi.:l of hemulve u
dolog diffarcnt chings, and bound by different rales. Actuaily
they are all muking expeciments, gome good, mme bad. It
B morw diffeult © make & good ciporiment I the ward than
m the laboratory, because conditions are mere dificult
cmirel; but there ia no other way of puining knowledge. ,,
Contrclled observadoa in the ward or in the 8cld 1 w o
wntial part of mefical sclence, shading through almost ime
reveeptille stage of incressing Intervention into the fylly
develuped experimental wechnique of the laboravory.

Mr. Winston Churchill, revisiting the Niagara
Falls after more :han forty years. was asked by a
recorter “Do they look che samel” “Well”, he 1
said to have repiied, “the principle seems the same,”
General principles are obstinate things; they do tend
to remain the sarwe generation after generation, Yet
one element of that sameness — their fundamental
imporeance — perkaps justifies their being brought
out into the light of day from time to time and, if
onc cannot weave fresh clothes, ac least in o newly
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dyed costume. In accepting the konor of delivering
this Cutter Lecturs I indeed crusted that that was
so. If 1 was wrosg I must comfort myself like that
charming character described by Anatols France:
like Monsicur Bonnard, I have the satisfaction of
believing that, in following my éistinguished prede-
cessors, 1 have at least “utilized zo their fullest ex-
tent those medjocre faculties with which Nature
endowed me,"
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The Environment and Disease:
Association or Causation?

by Sir Austin Bradford Hill cae psc rrcr(hon) Frs
(Professor Emeritus of Medical Statisties,
University of London)

Amongst the objects of thia newly-founded Section
of Occupational Medicine are firstly ‘to provide a
means, not readily afforded elsewhere, whereby
physicians and surgeons with e special knowledge
of the relationship between sickness and injury
and condltions of work may discuss their prob-
lems, not ¢nly with each other, but also with
colleagues in other fields, by holding Joint mest-
ings with other Sections of the Society’; and,
secondly, ‘to make available information about
the physical, chemical and p#ychological hazards
of occupition, and in particular about those that
are rare or oot ¢asily recognized',

At this first meeting of the Section and before,
with however laudable intentions, we set about
instructing our colleagues in other flelds, it will
be proper to consider a problem fundamental to
our own. How in the first place do we detect
these relationships between sickness, injury and
conditions of work? How do we determine what
are physical, chemical and psychological hazards
.of occupation, and in particular those that are
rare and not easlly recognized?

There are, of course, insrances in which we
.can reasonably answer these questions from the
general body of medical knowledge. A particular,
and perhapa extreme, physicel environment can-
not fall to be harmful; a particular chemical is
kriown to be toxic to man and thercfore suspect
on the factory floor. Sometimes, alternatively,
we may be able to consider what might a par-
ticular environment do to man, and then see
whether such consequences are indeed to be
fourd. But more often than not we have no such
guidance, no such means of proceeding; more
often than not we are dependent upon our
obzervation and enumeration of defined events
for which we then seek antecedents, In other
words we see that the event B is assoclated with
the environmental fearure A, that, to take a
specific example, some form of respiratory illness
i3 associaled with a dust In the environment. In
what clreymstances can we pass from this

28l B88L =£TL
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observed association 1o a verdict of causarion”
Upon what basls should we proezed 10 do so?

I have no wish, nor the skill, to embark upon a
philosophical discussion of the meaning of
‘causation’. The ‘cause’ of illness may be imme-
diate and direct, it may be remote and indirect
underlying the observed association. But with
the aims of occupstional, and almost synony-
mously preventive, medicine in mind the declsive
question is whether the frequency of the un.
desjrable event B will be influenced by a change
in the environmental feature A. How such a
change exerts that influence may call for a great
deal of ressarch, However, before deducing
‘caysation' and taking action we shall not
invariably have to sit around awaiting the
results of that rescarch. The whole chain may
have to be unravelled or a few links may suffice,
It will depend upon circumstances,

Disregurding then any such problem In
semantics we have this situatlon, Our observa-
tions reveal an association between two variables,
perlectly clear-cut and beyond what we would
care to attribute to the play of chance. What
aspects of that association should we especially
consider before deciding that the most likely
interpretatlon of it is causation?

(1) Sirengih. First upon my list I would put the
strength of the assoclation. To take a very old
exampls, by comparing the ocupations of
patients with scrotal cincer with the occupations
of paticnts presenting with other diseasas,
Percival Polt could reach a correct conclusien
because of the emormous increase of scrotal
cancer In the chimney sweeps. ‘Even as Iate as the
sccond decade of the twenticth century’, writes
Richard Doll (1964), *the mortality of chimney
sweeps from scrotal cancer was some 200 times
that of workers who wer¢ not speclally exposed
to tar or mineral ofls and in the elghtesnth
century the relative difference is Likely to bave
been rnuch greater.’

To take a more modern and more general
example upon which I have now reflected for
over Gfteen years, prospective Inquiries intlo
smoking have shown that the death rate from
cancer of the lung in cigarelte smokers is nine to
ten times the raté in non-smokers and the rate in
heavy cigarette smokers is twenty to thirty times
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aa great. On the otber band the death rate from
coronary thrombosis in smokers Is no more than
twice, possibly less, the death rate in non-
smokers. Though there js good evidence to
support causation it is surely much easler in this
case to think of some features of life that may go
hand-in-band with smoking - features that might
conceivably be the real underlying cause or, at
the least, an important contributor, whether it be
lack of exercise, nature of diet or other factor,
But to explain the pronounced excess in cancer of
the luag in any other cavironrnental terms
requires some feature of life so intimately linked
with cigarette smoking and with the amount of
smoking that such a feature should be casily
detectable. If we cinnot detect it or reasonably
Infer a specific one, then in such clrcumstances 1
think we are reasopably entitled to reject the
vague contention of the armchair eritie ‘you can't
prove it, there may be such a feature’,

Certainly in this situation I would reject the
argument sometimes advanced that what matters
is the absolute difference between the death rates
of our varieus groups and not the ratio of one to
other. That depends ypon what we want to know.
If we want to know how many extra deaths from
cancer of the lung will take place through smoks
ing (i.c. presuming causation), then obviously we
must use the absolute differences between the
death rates ~ 007 per 1,000 per year in pon-
smoking doctors, 0-57 in those smoking 1-14
cigarettes daily, 1-39 for 1524 cigarettes daily
and 2-27 for 25 or more daily. But it does not
follow here, or in more specifically occupational
problems, that this best measure of the effect upon
tnortality is also the best measurs in relation to
&tiology, In this respect the ratios of 8, 20 and 32
to 1 are far more informative. It does not, of
course, follow that the differences revealed by
ratos are of any practical importance. Maybe
they are, maybe they are not; but that is another
point altogether.

We may recall John Snow's classic analysis of
the opening weeks of the cholers cpidemic of 1854
(Snow 1855), The death rate that ke recorded in
the customers supplied with the prossly polluted
water of the Southwark and Vauxhall Company
was in truth quite low - 71 deaths in each 10,000
bouses. Whar stands out vividly is the fact that
the small rate is 14 times the figure of § deaths per
10,000 houses supplied with “the sewage-fres
water of the rival Larabeth Corpany.

In thus putiing emphasis upon the strength of
an association we must, nevertheless, look at the
obverse of the coin. We must not be too ready to
dlamiss 3 cayse-and-efect hypothesis merely on

8L B8L =ETL
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the grounds that the observed assoclation
ppears to be light, There are many occasions in
medicine when this Is in truth s, Relatively few
persons harbouring the meningococcus fall sick
of meningococzal meningitls. Relatively few
persons occupationally eéxposed to rat’s urine
contract Weil's disease,

(2) Consistency; Next on my list of features to be
specially considered I would place the consisrency
of the observed association, Has it been repeatedly
obaerved by different persons, in different placen,
circumstances and times?

This requirement miay be of special importance
for those rare hazards singled out in the Section’s
terms of reference, With many alert minds at
work in Indusry today many an environmental
amociation may be thrown up. Some of them o
the customary tests of statistical significance will
appear to be unlikely to be due to chanes. Never
theless whether chance is the explagation or
whether a true hazard has been revealed may
somnetimes be answered only by a tepetition of
the circumstances and the observations,

Returning to my more general example, the
Advisory Committee to the Surgeon-General of
the United States Public Health Service found
the association of smoking with cancer of the
lung in 29 retrospective and 7 prospective
inquirles (US Department of Health, Education
& Welfare 1964), The Icsson here is that broadly
the same answer has been reached in quite a wids
variety of situations and techniques, In other
words we can justifiably infer that the association
is not duc to seme constant error or fullacy tlmt
pormeates every inquiry. And we bave indeed to
be on our guard against that,

Take, for imstance, an example given by Hendy
(1958), Padents admitted to hospital for opera-
tion for peptic ulcer are questioned about recent
domestic anxieties or crises that may bave pro-
cipitated (he acute illness. As controls, paticnts
admitted for operation for a sirople bernis are
similarly quizzed. But, as Heady points out, the
two groups may not be in parl materia. If your
wife ran off with the lodger last week you stll
have to take your perforated ulcsr to hospiral
without delay, But with a hernia you might
prefer to stay at home for a whils ~ to mourn (or
celcbrate) the event. No number of exact repeti-
tiilm would rmnove or necessarily reveal that
fallacy, .

We have, therefore, the somewhat paradoxicl
position that the different results of a different
laquiry cortainly cannot be held to refute the
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original evidence; yet the surne results from pre-
cisely the same form of inquiry will not invariably
greatly strengthen the original evidence, 1 would
myself put a good deal of weight upon similar
results reached in quite different ways, e.g. pros-
pectively and retrospectively.

One» again looking at the obverse of the coin
there will be occasions when repetition Is absent
or impoasible and yet we should not hesitate 10
draw concluslons, The experience of the nickel
refinees of South Wales is an ouwtanding
example. I quote from the Alfred Watson
Memorlal Lecture that T gave In 1962 1o the
Inatitute of Actuaries:

“The population at risk, workers and pensionens,
aubered about one thousand. Daxring the ten yeary
1929 10 1938, alxteen of them had died rom cancer of
the lung, eleven of them bad died from cancer of the
phsl sinuses, At the age specific death mates of
England sad Wales at that time, one might hive
saticipated one death from cascer of the luag (o
compare with the 16), and a fraction of a death from
cancer of the nose (to compare with the 11). In all
othar bodily sites eaacer had sppeared on the denth
certificata 11 times and one would have expected it lo
do 50 10-11 times. There had been 67 deaths from all
other cavses of mortality and over the ten years'
riod 72 would have been expecsed at the natlonal
death ruias, Finally division of the population at risk
in relation to thelr jobs showed that the excess of
cancer of the lung and nose had fallen whelly upon
the workers employed in the chemical processes,

‘More recently my colleague, Dr Richard Doll, hag
brought this story a stage further. In the aine years
1948 Lo 1956 there had been, he found, 48 dexths from
cancer of the lung and 13 deaths from cancer of the
Dose. He ameyscd the numbers expected st normal
rates of mortality as, respectively 10 and 0-1,

‘In 1923, long before any special hazard bad been
recognlzed, certain changes in the refinery took
place. No case of cancer of the nase hat been observed
in any man who first entered the works after that
yeat, and In theso men there has been no excems of
cncer of ths lung. In other words, the excess in both
sites In uniquely a featurs in men who cntered the
refinery in, roughly, the first 23 years of the present
enrury,

‘No causal agent of thess meoplasms has been
identifled, Until recently o anlmal experimentation
bud given any clue or any support to this wholly
statistical evidence. Yot 1 wonder if any of us would
bealtate to accept It as proof of a grave Industial
bazard " (Hill 1567),

In relation to my present discussion I know of
fo parallel Investigation. We have (or certainly
bad) to make up our minds oo a unique event:
and there is no difficulty in doing so.

8l B8L E£T4A
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(3) Speeificity: One reszon, needless to say, Is the
specificity of the assoclation, the thire charaeter-
Iatic which invariably we must congider. 1f, as
here, the association is limited to speeific workers
and to particular sites and types of disease and
there is no association between the work and
other modes of dying, then clearly thatis a strong
argument in favour of causation,

We must not, however, over<mphasize the
importance of the characteristic. Evea in my
pressat example there is & cause and effect rela-
tlonship with two different sites of cancer - the
lung and the nose, Milk a5 a carrier of infection
and, in that sense, the cause of disense €&n pro-
duce such a disparate galaxy as scirler fever,
diphtheria, tuberculosls, undulant fever, sore
throat, dysentery and typhoid fever. Before the
discovery gr the underlying factor, the bacterinl
origin of discase, harm would have been done by
pushing too firmly the need for specificity as a
necessary feature before convicting the dairy.

Coming to modern times the prospective
investigations of smoking and cancer of the lung
bave been criticized for not showing specificity -
in other words the death rate of mmokery is
higher than the death rate of non-smokers from
many causes of death (though in fact the resujts
of Doll & Hill, 1964, do not show that), But here
surely one must rerumn to my first characteristic,
the strength of the association, If other causes of
death are raised 10, 20 or even 50% in smokers
whereas cancer of the Jung is rajsed 900-1,000 %4
we have specificity ~ a specifielty in the magnitude
of the association,

We must also keep in mind that diseases may
bave more than one cause, It has always been
possible to acqulre a cancer of the scrotum
without sweeping chimneys or taking to mule-
spinning in Lancashire, One-to-onc relationships
are pot frequent, Indeed I believe that multj.
causation js generally mere likely than single
causation though
snswers we might get back to a single factor,

In short, if specificity exlsts we may be able to
draw conclusions without hesttation; If it is not
Apparent, we are pot thereby necessarily loft
sltting irresolutely on the fencs.

(4) Temporality: My fourth characteristic is the
temporal relatlonship of the association - which
Is the cart and which the horse? Thia js a question
which might be particularly relevant with diseases
of slow development, Does a particylar diet lead
to diseass or do the early stages of the discase
lead to those peculiar dletetic habits? Docs a

| 9390 uvar
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particular occupation or occupational envirop-
ment promote infection by the tubercle bacillug
or are the men and women who sclect that kind
of work more liable 1o contract tuberculosis
whalever the environment - or, indeed, have they
already contracied it?7 This temporal problem
may not arise often but it eerainly needs to be
remembered, particularly with selective factors
at work in Industry,

(5) Biologieal gradiens; Fifthly, if the assoclation
is one which can revea] a biological gradient, o
doss-response curve, then we should look most
carefully for such evidence, For instance, the
fact that the death rate from cancer of the lung
rises linearly with the number of clgarettes
smoked daily, adds a very great deal to the
simpler evidence that cigarerte smokers have a
higher death rate than non-tmokers. That com.
parison would be weakened, though not neces.
sarjly destroyed, if it depended upon, say, a much
heavier death rate in light smokers and a fower
rate in heavier smokers. We should then need to
énvisage some much more complex relationship
1o satisfly the cause-and-effect hypothesis. The
clear dose-response curve admits of a simple
explanation and obviously puls the case in a
clearer light,

The same wouid clearly be true of an alleged
dust hazard in industry. The dustier the environ-
ment the greater the incidence of discase we
would expect to see. Often the difficulty Is to
secure some satisfactory quantitative measurs of
the cnvironment which will permit us to explore
this dose-response. Bur we should invariably
seek it,

(6) Plausibility: 1t will be helpful if the causation
We suspect is biologically plausible, But thisjs a
feature I am convinced we cannot demand. What
is biologically plausible depends upon the bio-

logical knowledge of the day.

To quote again from my Alfred Watson
Memorial Lecture (Hill 1962), there was

‘.. fto biclogical knowledge to support (or to refute)
Pott’s observation in the 181h century of the excess of
cancer in chimney swesps, Iy wag jack of biclogical
knowledge in the 19th that Jed a prize essayist writlng
on the valye and the fallacy of statistics to conclude,
Amongst other “absyrd” associations, that “it could
be no more ridiculous for the stranger who passed the
night Ity the steerage of an emigrant ship 1o aseribe
the typhus, which he there contracted, to the vermin
with which bodles of the sick might be infected”, And
coming w nearer timey, in the 20th century there was
no biological knowledge to support the eovidenes
agalnst rubella.'

8L @8L =ETL
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In shore, the assoclation we observe may by
one new to science or medicine and we must no
dismiss It too light-heartedly as Just too odd, As
Sherlock Holmes udvised Dy Watson, ‘when you
have eliminated the impossible, whatever remains,
however tmprobable, must be the truth.’

(1) Coherence: On the other hand the cause-and-
effect interpretation of our data should noe
seriously conflict with the generally known faces
of the natura] history and blology of the diseans
~ [n the expression of the Advisory Commirtes
to the Surgeon-General it should have coherence.

Thus In the discussion of lung cancer the
Committee finds irs astociation with o
smoking coherent with the temnporal rise that hag
taken place in the two variables over the lag
generation and with the sex difference in
mortality ~ fegrures that might well apply in an
occupational problem. The known urban/rural
ratle of lung cancar mortality does not detract
from coherence, nor the restriction of the effect
to the lung,

Personally, I regard as geatly contributing 10
wherence the histopathological evidence from
the bronchial epithelium of smokers and the
isolation from cigarette smoke of factors car.
cinogenle for the skin of laboratery animals,
Nevertheless, while such laboratory evidence can
enormously strengthen the hypothesis and,
Indeed, may determine the actual caysative agent,
the lack of such evidence cannot nullify the
epidemiological observatjons in man. Arsenic
@n undoubtedly cause cancer of the skin in man
but it has never beep possible to demonstrate
such an effect on any other animal. In a wider
field John Snow's apidemniological observations oun
the conveyance of cholery By the water from the
Broad Strest punp would have been put almest
beyond dispute if Robert Koch had been then
dround to isolate the vibrio from the babys
nappies, the well jtself and the gentleman in
delicate health from Brighton. Yet the fact that
Koch's work wag 1o be awaited another thinty
years did not really weaken the epidemiotogical
case thaugh it made it more dificult to establish
against the eriticisms of the day - both just and
unjust,

(8) Experimen:: Occasianally it Is possible to
appeal to experimental, or Semi-experimental,
evidence, For example, because of an observed
association some preventive action is taken, Docs
it In fact prevent? The dust in the workshop is
reduced, lubricating oils are changed, persons
stop smoking cigarettes. Is the frequency of the
associated evenn affagted? Here the strongest
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QUESTIONS AND ANSWERS

Edited By ERNEST RUBIN

U, S. Department of Commerce
and American Universizy

Statistical Relationships and Proof in Medicine

Within the Jsst two year a formiidable montroversy haa
developed e & result of izvestigation concerning smoking
abd Jung csneer, Statistical data indicste that smokers have
s higher ineldence of lung cancer than non-smokem. The
esparience with the smoking—lung mbewr ccutroversy sig-
gwied the folowing question: Are there lostances in the
Nisory of madiclng in which a siathsteal amociaticn proved
aumtion or has the proa! of 8 causml reltionship in medicine
alwayy depended of direct experimentation? I wish to thank
Mr, Jaume Comfield of the Offies of Binmetry, Nutional
Institutes of Hewlth for preparing the folloring annlysis of this
question,

There are deveral preliminary isaes raised by the
question that need prior discumion. The frm, the
concept of proof, need not detain us long. Proofl has
& well-defined meaning in eathematica, but not in
empirical aclence. The tryth of a mathematical proposi-
tion can be demonstrated; the evidesce for an empirical
proposition, i.e,, 8 slatement in natural science, can
be made strong or even overwhelming (despite the
apparent lmpossiblility of a satidactory caloulus of
evidence). It is doubtful, howsver, if such propositions
can ever be regarded a8 proved. New evidence (e.g.,
the discovery of black ewans) may cest an entirely
different Light on a well-established proposition, and
in an empirical aclence, a3 oppased to mathematles,
there are no postulate systems which delimit the kind
of new evidence thst cen be found. If we ask for proof
in medicins, or any other empirical sclence, wo may be
axking for something that does not exist.

A pecond issue raised by the quemtion i the exsot
uature of the distinction between & relationzhip based
upon a statisticel azsociation and one based on direst
experimentation. We ull have » vague feeling that if
we can make wn avent occyr, we understand it betier
than if we simply obsarve it passively. On analysis this
feeling meems to reduce to two propositions like the
following: Wa are Injtinlly skeptical of any relationship
based upon simple observstion bevsuse the effects of
other postibly important varisbles are not controllsd
snd maey sccount for the ohsarved association. We are
initially impreased by any relationship established by
experiment because we feel that tha eflects of other
imporiant variables are controlled and ¢annot aceount
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for the amsociation. The distingtion we feel between
relationship bassd upon a siatistical amoeintion and
one based upon direct axpatimentation ia thus a dis-
tinction between relstionships that may be explsined
by other variables and thone that canpot

Although this statement may formalize aur intyitions
it is an oversimplification of the potual facts, Firet,
there are cass Iy which uncontrolled obeetvations can
be 20 snalysed s to eliminate the pomibility that
extraneous veriables account for the cbesrved associs-
tion. The classical example of this is Snow's demonstre.
tlon (1) in the middle of the nineteenth tentury, before
the birth of bacteriology, that cholers was transmijtted
through polluted waler, Even the mast skeptical critic
cannot guarrel with the conslusions dmvwn from his
observations on the elustaring of desths shout s par-
ticular source of polluted water, the famous Brosd
Street pump; particularly alter his demonstration that
mortality frem cholers smong subscribers of & water
company that drew its mupply from the Thames River
was 14 times o8 high as that among subscribers of the
competing company whose wWaler way sewage-free.
The official inquiry which followed agreed that 'fe.
calized drinking-water . . . may breed and convey the
poigon [of cholera]” although with a caution that is
parhaps not peculiar to the Victorias era added,
"[s0 would] fecalised air.”! Nor do we have to go back
100 yesrs to find exsmpler in which the effecta of
specific extraneous varinbles were eliminsted from ob.
servational material by methods short of direcl ax-
perimentation. Cross-clasification of obearvatigns s
an ahvious, but often surprisingly powerful method of
secomplishing this, for some recent examples of which
references (3, 4, 5 and 6) may be instructive,

Becondly, our intuitions may be mizleading becauss
there is no sutomatic guarsntee in any particular in-
stance that extransous varisbles have been controlled
by direct experimentation. This may seem to deny the

"Il is mot entlrely Irrelevant to recall w1 this point the
expetience of Max von Pettenkoler who, many years lucer, to
prove beyond sny doubt ihat water:-borne bacterin did nol
eause cholera, drank, and induccd meveral of his studenta to
drink, a whole glaas fyl] of 1be bacilli. They ao1 only all aur-
vived but reparted nothing worse than & belivache (2,
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great virtue claimed for randomization, the automatie
belancing out among treatment groups of the effects
of other veriables, whather of not we are aware of
their existence, The denial [s more apparent than resl,
however. Consider [of example an experiment designed
to study the effect of reraoving sn organ, auy the thyroid
gland, on some biclogical response, say blood migar
level, We may randomize animals among s control and
thyroidectomized group and thys eliminata In the ygual
probability eensa the pomibility that any large differ-
enca bateen the two treatmenta arvee from the differ
ent characteristics of the enimaly treated. But we have
not eliminated the pomsible ¢feqt of other extiwnecus
variables in which the experimentar in equally interested
such as the operstion removing the thyreid, or the
non-sperific effect of thyroidectomy on weight los,
While it is perhaps possible to control these spedifie
variables, for example, sham oparation and under
leeding the sham operated controls might be regarded
as providing such & control (7), randomization by Itself
lo insufficient. We must Indicate the specific variables
we Wish ta control and muat devise specific experimental
ptocedures to control them,

Having thua argued thst there is no difference in
kind between the two types of avidence it is of course
necessary to add that there is 2 very important differ-
ence in degree, [t ig a good den! more dificult to control
veridbles in obaervationsl than in experimentsl ma-
terial, 50 that the experimental method has unravelied
snd will continue to unravel mysteries befora which
uncontrolled observstion would be powerlesa. But there
is no differance In principle. There ate no such cate
gories & first-clasy evidence and second-class evidence.
There are merely associntions, whether observational
or experimental that, in a given state of knowledge,
¢an be accounted for in only one way or Ih seversl
different ways. If the lattar, It is our obligation to state
what the slternative explanations or varisbles might
be and to ses how their eflects can be eliminated, whils
if the former [t Ia equally our obligation to state mo.
To dislinguish between statlstical asoclation on the
one band and relationships that aw estgbliched by
experimentation on tha other, without any reference
to slternstive variables that sre present [ one case
but not the other, seems Lo ua to be neither good sta-
tistics, pond acience, nor good philmophy—though it
may be good red harring,

If we conaider the tobasco-lung cancer queation, for
example, one pomsible =t of extrancous veriables that
might explain the higher in¢idence for smokers are
thosa arising from self-selection. Thus, some amall
proportion of the populstion, aay 5 percent, might have
somg¢ special trait (or traita), say high blsed levels of
certain bormiones, which both inltiate lung cancer and
make the possassors smoke, Of the remsining edult
male population, 75 percent smeke for other reasonz

20 The American Slalistician, December, 1854

and do not devalop lung cancer. It is possibls to con-
celve but impoasible to conduct mn experiment that
could settle this question. A large group of adolescants
would be allocated st random to diffetent smokdng
groups, corpelled to remain on the assignad mmoking
schedyle, followed for the 30 to 60 years required for
lung cancer to develop and the lung cancer ingidence
computed {or each group. This and, as neacly as one cas
soe, only this, would entirely ellminate sell-selection
83 an explanation, Short, of this one must rely upon
lndireet avidence, If self-selection were the compiets
explanation of the diffetence, then tobsceo smoke
would not be a carclnogen for buman lung tisse, Ove
might consmquently investigate this question by asking
ia it & carcinogen for any other type of tlars that oge
can ressonubly experiment with, say human or moum
skin? If the answer had been no, this might have been
regatded as mene type of evidence far the pelf-aslection
hypothesis, although no ons would regard the evidenen
w very atrong. The recent induction of skin tumers in
mlce by tobarco tars (8) might similarly be considered
evidence against the self-selection hypothesis, byt apin
far from strog. In any event the recent snpeouticement
by the Toba¢ro Industry Research Comumittee that it
would [nvestignte psychological differences between
‘mokers and monsmokers suggests that we have not
heard the lar of the self-selection hypothesis. Vo
matter what one's opinion on the plaualbility of this
3 an explanacion,! the actual investigation of whether
mpecific differencen that might arise (trom self-sslection
do in fact sceount for the association could be oon.
structive, sven if the results obtained were negatlve,

This discuszion of preliminary iamies® in ons senm
also dispoaes of the main question, but the history of
medicine on this peint ia interesting snd s few words
may be in order. There sra numervus instances that
one can clte in which the most important souree of
medical knowledge ot & subject was supplied by ste.
tistical associations. Thus, the obmevation that there
is & closs inverss associstion between the amount of
natural fuokides in water and the amount of destal
caries among children drinking it, bas induend pumer-

* 14 16 casy ta sympathise witd, evan if ons sanot entindy
share the exaperation exprsesd by Groenwood sad Yule aa
a relatad polnt @). *'[Ths vaccinated group) may o)) have bass
*egeintinms, or moasmokets, or red-basded, and oll or sny of
theve things may rendor them less likely to eontruct chalera;
but v¢ do not s why objections which oo mnslble an wonld
allow to Infuenee bim |z the ordinary afsira of lifs shoald
asddenly acquire aclontific importance when the quastion ls
one of intetpheting statlatioy.’

" There is oo additional prelimlasty (ssus that demtves
meatlon. The pirusiag af the question suggesls that [is {runet
subseriben ta the wmawhal old-Tashloned view that It in either
potaible or desimable to dlacung kaowledge without aBy refer-
¢cd Lo tha porabdle aotlons to which [t will lesd. I have not
challenged this wew only bacause [ share it.
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ous municipalities to add fluorine o their water sup-
ply. The resulting decline in the incidence of dental
caries in these municipalilies may be considered »
Udirect experimental proof”’ of the proposilion chat
fAucrine inhibits the developmen: of caries, but the
fluorine was not added in order to study this question
experimenlally but rather to bring about a result
indicated by the associations. Jt is true that the results
of adding fluorine to the drinking water of experimental
_ahimels Also pointed lu the same direction (10:. but
83 evidence this apparently was not given much weight,
Shaw, for exarnple, in his excellent summary of the
wbject (}1) dosa not aven mention the results with
experimental aninsals.

In the study of the effecta of therapy the spplication
of modern ideas of experimental design is a very mcent
development, for an account of which the reader in
referred to Hill’s very interesting article (12). In recent
years there have been severs] wrell-conceived experi-
ments to temt the efficacy of different preparations,
aich as gamms globulln, in protecting against the
sybeequent development of diseas. But methoda that
were established In the past puch &4 vaccination against
emallpox, have never received sueh & carefully con-
trolled experimental test. There are of course dozens
of studies to show that individuals who had been
voluntarlly vaccineted developed lexs smallpox then
others, and 1hat when they did develop it, the ouscome
was less frequently fatal, But noze of these studies
ruled out the possibilitiea of seli-selection any mere
effectively than they are now ruied out in iobacco:
lung cancer studies.

In the study of Infectious disease there are naturaily
slmost no examples of direct experimental demonstrm-
tion on humana. Walter Reed's experitnenta on yellow
fever are well known, but it is difficult to find other
cases, Perhaps the nearest is the ghaatly episode that
occurred in Libeck in 1820, whez out of 249 bables
sctidentslly inoculated with enormous nummbers of
living virulent tubercle bacilli, 76 died (13). If one is
willing to overlook the absence of s placebo-inotulated
control group, aund refraina from asking, “if the bacilli
csuse tubetculosis, why didn't all the inoculated
children develop the disease?”, this perhaps is “proof
of a causal relationship.” (The 173 Ltbeck bables who
did not die developed only minor lesions and were gtill
free of tuberculosis when last obmrved 12 yesrs Iater.)

In short, If we insist on direct experimental demon-
steatlon on humans there are many widely held beliefs
that tnyst be pegarded ap withaut molid foundation.
If we believe that vaccination protects against the
development of smallpox it ia not because there hus
been & direct experimental demonstration but rather
(a) there is a good deal of evidence that is consistent
with this hypothesis, and (b) over the course of many
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years no evidence has been produced 1o mpport any
alternative hypothesis, The truth of the matter appoart
to be that medical knewledge (and, one nispects, many
other kinds as well) has always advanced by a combina-
Lion of many different kinds of observaiion, some con-
trolled, and vome uncontrolled, some dirertiy and vome
only tangentially relevant o the probiems at hand.
Although some methods of observatior. and analysis
are clearly to be preferred to others when a chnice is
possible, there are no magical methods that invarishly
lead to the right anawer. If we cannot rpecify exaetly
what has been learned in medicine from the study of
statistical assoriatione, we can at least say that we
tould not have sccumulated the knowledge we have
without them.¢

REFERENCES

1. J. Bnow, Bnow on Cholers, being a reprint of two papers
by John Bnow, M.D., 188, The Commogwenlth Fund,
New York.

2. R. H, Bhryock, The Development of Modern Mediclus,
1047, Alfred A, Knopl, New York, p. 2.

3. W, E, Heston, ). K. Derizger, I. R. Hughes xnd J. Corp-
field, Interrelstion of specific genes, body welght and
development of tumors In mise, 1952, J, Nationg! Cancer
Inatitute, 18: 1141,

4. E. L. Wynder, J. Cornfield, P. D. Behreff, K, R. Doraly.
wami, A Bwudy of environmentnl fsciorin eartinomn of
the carvix, 1954, Amer. J. Obul. and Gyn., 64: 1016,

8, W. W, Bonth, R, Q. Mamton, H. J. Ruth sad J. CornEBeld,
Granulocyle count, resistance fa experimenlal infection
and ppleen homogeoate ireatment o irradiated mice,
1984, Amer. J. Physiol,, 178: 288,

6. W. W, 8mith, L. Gonabery, 1. M. A)dérman and I. Corn.
fiald, ENect of granuloeyte count and litter on surviva) of
irradinted mice, 1851, Aner. J. Physiol., I78: 474.

7. R. O. Beow and J. Cornfield. Efect of 1k woideciomy and
food intske on aral snd iniravenous glurose tolerance in
ratn, 1084, Amer, J. Phyriol., 175: 30.

8. E. L. Wynder, E. A. Graham, A. B. Croninger, ¥xpeni-
mental production of csreinoma with tiguretie tar. 1983,
Cancer Ree,, 18: 858,

8. M. Ureenwood, Epldemics and Crowd Disenses, 1937,
Maemillan Co., New York, p. 96,

10. 1. Zipkin snd F. J. McClure. Inhibitory effect of Auaride
on tooth decalcification by citrate and lactate in’ vivo,
1948, J. Dantal Rexsarck, £8: 151,

1l. 1. H. Bhaw, Bhould Buorides be added 10 pyblic water
supplien?, 1858, Scienl, Monthly, 79: 202,

12, A. B, HIll, The Clinicnl trinl, 1982, New England 1. af Med .,

M7 113

. R. and J. Dubos, The White Plague, 1852. Lirtle, Brown &

Co.. Baston, p. 122

. A. B, Hill, Observation atid experiment, 1053, X ex Enpland

J. Med. 248: 898,

s
(=4

—
b

4 After completing thin answer my ntirntion was called 10
Hill'a Cutler Lecture on Preventive Medicine 114) in which
much the same lasues that we have covered were slzo con-
sidered—in, however, x more comprehenmve. lucid (and
reanonable) manner. The reader i» enthugiantieally refereed 1o
It if he is Bt all interested in pureuing the subjeet.
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Austin Bradford Hill: The Environment and Disease:
Association ot Causation? .
Proceedings of the Royal Society of Medicine 1965; 58:295-300.

HilPs “The Environment and Disease: Association or Causation” may be a good example of
an article that has been read in quotations and paraphrases more often than in its original form.
In ic, Hill offered a list of nine aspecrs of an emplrical assoclation to consider when deciding whether
an assocladon Is causal, This was not the first list of “causal criteria” to be offered, but it was perhaps
the most popular. It is unfortunate that in the ensuing decades, this list or similar enes have been
presented in textbooks as “criteria” for Inferring causality of associetions, often in such a manner
as to imply that all the conditions are necessary. A careful reading of Hill shows that he did noc
intend to offer a lisc of necessary condidons; on che contrary, on page 299 he warned against
laying down “hard and fast rules of evidence that must be obeyed before we accept cause and effect.”
As noted later [Rothman, 1982], Hill's only real mistake was to say chat none of his ning aspeces
could be considered necessary if the association were indeed causal; in fact, temporality (Ne. 4)
is obviously necessary, as cause must precede effect.

Perhaps the most neglected portion of the article (also on page 299) is his comment on the
misuse of signlficance cesting by both scientists and statisticians. Desrite his warning against equaring
statistical and scientific significance, I fear chat decades later the siruation is lictle better, and so
[ would give this section epecial emphasis in any educational secting,
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