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Seveion of Occuparionn! Medicine

[The Environment and Disease}
Asxociation or Causation?
by Sir Austin Bradiord HM C8E D3c morhon) ms

(Professor Emeriens of Mevieni Siatizvics,
University of Luenkon)

Amongat the ohjects of thia newly -founded Section
of Occuputional Medicing are frstly ‘1o provide a
mcsin, pat resdily affueded eisewhere, whereby
physacians hnd wurgeons with a anocial knowledge
of the rektionship borwmen gickness smd injury
s conditiony of work muy discuss their prob-
lom. nov emiy with cach other, but sl with
cullcagucy in oiher Nelds, by holding joint meet-
mp with oiwr Sootinns of the Society”; and,

© secomdly, "l make mvailable iformation about

dw physical, chemigl and paychological haxardy
of scupstion, and in particuler about those that
e rare or Mt canily recognized”.

At this first meeting of the Scotion and befor,
wih however lauduble intentiom, we sct about
instructing wur collcagues in other lields. it will
be proper 10 vnsider 8 problem fundamental o
our own. How in the it pluce do we detect
thew relativnships between sickness, injury and
wonditions nf wirk? How do we dutcrmine whal
we phyzical, chemical wnd pychologiaa! harards
of occupation, aml Jn perticular thme that ac
nreand not cuaily recognized ?.

There are, of course, insiances in which we
an reasonably answer these guostions from the
perul budy of incdical knowiadge, A particular,
and porhaps catrenie, physical crviroament cin-
sol [ail 1o be harmiul; m panicular chamical i
known 10 be 10xic 10 man and therefore suspect
<om the faciory Moor. Sometimes, alernatively,
ws may be abic 10 comider what amisi 2 pare
hﬂumﬁmblnmummmn
whether such comsequences sre indoed o be
fownd. But more olign than not we have no such
imidance, no such mesms of proceeding: more
chien than nol we are dependent upon our
obmrvation and enumersiiva of deBoal cvents
fov whith we U seek umecedenis. In olher
Words we see 1t tha cvent B is associaled with
the environmenaa! Nqare A, phat, o luke &
Spcibc exampi, some form o
D wsocialed with » dust in thé EviroRmMERl. TR

UWEt cirtumstinces ean we paxs from thiy
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observed aussciotion 19 a verdict of consarion?
Upon whet basit should we proceed 10 do v0?

1 huve no wish, nor the skill, 1o embark upun o
philoswphical discussion of the memning of
“savaation’, The ‘cune’ of Hinexs may be immes
dinte and direct, it may be remote and indirect
underiying 1he observed association. But with
the zims of occupational, and almost synony-
mounly preventive, medicing in mid the decisive
quasiion 4 whether the fregquency of the un-
denirnble ovent B will be influenced by o chonge
in the cnvironmental femture A, Mow such a
change exens thnt influence may catl for » great
deal of research, However, before deducing
‘Qusation’ and tahing action we 3hall not
invarisbly have 1o it sround awsiting the
reaults of that rescareh. The whaie chain may
have 1o be yrwaveiled or 3 few links may sulfice,
It will depend upon circumstances.

Disgarding then any sueh problem in
semaniics we have shis sitsation. Our ghaeryy-
tions roveal an asyocislion between two variables,
perfectly ciear<cut and beyond what we would
care {0 attribuie (0 the play of chance. Whay
aspects of that assoclation shoukd we espevially
consider beforn deciding 1het the most likely
hnerpretation of it is counntion?

(1) Strragih, First upon my list 1 would put the
sirength of the apociation. To take a very old
cxumpic, by comparing the occupstions of
Patients with scrotal cancer with the occupations
of palients presenting  with oiher  discases,
Percival Pott could reach & correet conclusion
because of the Fmormons increase of scrotal
cancer in the chimney sweer. *Even s laie as ihe
sccond decads of the wentieth cenfury”, writca
Richard 1Dull (1964), “lhe mortality of chirnogy
weens from sevotal cancer was seme 200 times
thit of workesy Who were not specially evposed
to tar or minersl olls and in the ecighteemth
century the redative difference is likely 1o have
been much greater '

Tolakelmmodemmdmmsml
exomiple upon which | have now refllecied for
over liften yeurs, prospeclive inguiries ke
smuking have shown that Ihe death rae frum
sancer of the lung in cigarette smokurs is nine [T
1en times the retc in non-smokers and the mte in
heavy cigarette ymokars is twenty 1o thirty times
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a3 grewt. On the viber banw (e death v fromn
coronary ihiroaibosis in snMLEr; is n¢ more than
twice, possibly ke, the denth rate in nom
smakers. Though thete i gkl evidenge 1o
support causatiun &t B sirely fruch easicr in this
s 10 Lhink of some Icutures »of fife thit may go
hand-in-lund with smuking - famsres thay might
conceivably be the real underlying <Suse of, at
Lhe least, an important contributoc, «hether it be
lack of excreise, nawure of diet or other faston.
But 10 cxplain ths preminunced exccas in cancer of
tbe¢ lung i any other cnvironmemal-. ternn
reqitires some festure of life 3o intimately finked
with cigarette smeking and with the amnont of
smoking 1hat such a festure should be casily
delectable. If we cannot wetoet it-of Teasonably
infer a spedific one. then in such cirtumsiances
think we are reasonably criitled to rejeet the
vagwe canterwion of the armehair Crific *you can't
prove if, Lhere ima v be such 3 feature',

Cerlainly in this suuaiion | wuuld et the
argument sometinmet advanced that what maiters
is the absoluie difference between the death rates
of our various groups and not the ratio uf one to
other. Thae depends upon what we want 1o know.
If we want 10 kuow how many extra deaths from
cancer of the lung will taks place through smok-
ing (i.2, presuming causation), then pbviously we
must use tha absoluis differences between the
death raves = 0-07 per 1,000 per year in non-
smoking doctors, 0:57 in those smoking 1-14
cigaretics daily, 1'39 for |5-24 cigareties daily
and 227 for 25 or more daily, But it does net
lollow here, or in more spesifically pocupalional
problemy, thai this best measure of the effect upon
mortality is abo tha best measure in relation 10
xtiology. In this respect the ratios of £, 20 and 32
o | arc far mors informative. It does not, of
course, follow that the dilTerences revenled by
ratos arc of any pracical impoertanc . Maybe
they are, maybe they are not; but that i another
point altogether.

We may recall John Snow’s glatsie snalysis of
the opening weeks of 1he cholera epidemic of 1854
(Snow 1837}, The death rate thal he recarded in
the cusomers supplied with the gromly polluted
water of the Southwark and Yauxhall Company
was in truth quite jow - 71 deathy in each 10,000
houses, Whal stands cul vividly is the fact that
the small rate is 14 tioves the figure of § deashs per
10,000 houses supplisd with the sewape-free
water of the rival Lambeth Compaay.

In Il pulling emphasis ypon the strength of
&N association we must, nevertheless, ook at the
obverze of the coin. We must not be 100 ready 1o
dismiss 2 cause-and-effoct hypothetis merely on
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the grounds that the ebsened  association
appcars to by Slighl, There are Many co:3uons in

-medicing wingn thin i in wruth s, Relatively fow

porsons harbouriug the meningocozcus fall sick

of meningoenceal micningitin.  Relatively few

persans ofcupahonully eaposed 1o rat's urine
conlract Weil's Jiseasc. :

(2) Conzistensr: Next pa my lisl o Tcalures (o be
specizlly comsidered 1 would place the evarureney
of the obscrved assuciation. Has it heen repeatedly
observed by dillcrent personsy, in dillerent places.
circumnatancss snd tlimes 7

Thit requirereal may be of special impuorance
{for lnose rare hazards singled out in Lhe Scction's
teryms of reference. Wilh many aicrt minds at
work in induitry todiy many an environmontal
z$30Ciation may be thrown up. Some of them on
the customary iexis of siatisiica) sipnificance will
aDixar (o be unlikcly to be due 1o chance, Nover-
theiess wicther chance is the eaplanation or
whether & (rue hazard has texn Pevealod may
somclimes be answered only by 8 repetition of
the circumztances and the observations.

Returning 10 my more gencrsl example, t
Adyisory Co ;

1he| United Staict Public Health Service |fo

lung in 29 retroapective and 7 prospeciive
inquiric: (LS Depaniment of Health, Education
& Wellare 1963). The lesson here is that be. .Uy
the Fame answer has boen reached in quite  wide
varicly of gituzlions and lechnigues. In other
words we can usiifiably infor that the association
is pat due to somo consiant efrer of fallacy that
Permeatss every inquiry. And we have indeed {0
be on our guard against that,

Take, for instance, an example given by Heady
(1958). Paticnis ndmitted 10 hotpital for opora-
tion for peptic uicer arw quesioned about recent
domestic ansiclics ur crises thal may have pre-
aipitated the acute illness. As conirols, paticnu
admisted for operanon [or 8 simple hernia arc
similarly quirred. Bul, as Heady points out, the
two groups may mol be ia parl materia. I your
wile ran off witly the lodper last week you snill
have to taks your performted uleer 10 hospital
without defay. Iut with a2 hernia you mighs
prefer to stay a1 home for a while - to mourn (or
celebrate) the event. No number of exact repeti-
tions would remove or neccasarily reveal that
faliacy. ’

We have, therefore, 1he somewhat paradoaical
20sition that the differenl rauls of & differer
inQuiry ceriainly cnnol be hetd 10 reluic the

T I
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original cvidence; yet the same roaulls from pre-

cisely the same form of inquiry will not invariably

greatly sirenpihen the original gvidenee. | would
mysdl put 3 good deal of weiphl upon similar
results reached in quite differem ways, c.g. prom
nectively and retrospectively. ]

Onee again looking at the obverse of the coin
there will be occasions whem repetition is ubsent
ar impossibie and yet we should not hesiue 1o
drmw conduzions. The enperience of the mickel
rofiners of Sowth Wales is sn outstanding
example. | quote Trom the Allfred Walon

Memorial Leciure that | gave in 1962 10 the

Instiswie of Aciusriay;

The populstion at risk, workers and pemionens,
murbered -about one thowmasd, During the ten yEASS
192% w0 193X, sixioen of them had died fvwn cancer of
vt lung, sleven of thasn hd Jiey from cancer of the
nagal sinumen, AL M ago apecifie Jenth i of
Exglar and Wailcs st [l time, one mighl have
aticipaied ung denth from cancey of Lthes fung o
mpare with the 16), and & fraction of & death from
carer ol Uk none (1o compare with ihe 15) In alf
mher bondily sites cancer had appeared on fhe death
certificate |1 limes and ome would have cxpecied it Jo

do 3e 1011 imca There hud been §7 deaths from all -

other causes of morality sl ower the ten yesrs'

period 72 woull hawe been expecied at the national
woeath raiex Finally division of the poputsiion at risk

in relation to their jJobs showed thag the cxcess of

cancer of the lung and nose had falicn wholly upon
. 1he worken employed in the chemics} procoases.

*More recenily my colieagus, Dr Richard Doll, has
brought this story » stage further, In the nine yoary
1943 10 1936 there had heen, be Tound, 48 dewths from
cncer of the hang snd 1] Jdeaths from cancer of the
nose, Tie swceacd the numbers cxpected at normal
roics of nwnaliny =1, nopectively I0and 041,

“In 1911, long hefore any special hammnl had bewn
revgnial, coriain changes in (he reflecry ook
place, Nu casa wf cancoyr, of the nosc jucs been obeerved
in any mam who (irm enwred 1he works afer thy
year, und in (hese men there bax boemn no excess of
cancer of the lung. In other words, the eagess in both
sty i3 uniqucly a featars in Mo who eniered the
ld'min.m:hly,ﬂnﬁmﬂmofdpm
cemury, .

'No caum) apent of thesa neoplasma has bean
sdentibed. Until recently no asinmsl eaperimintaiion
l—ldm any alus ar any swppost 19 this wiolly
Hannical midence. Yot | wonder if any of u would
haitste 16 accept it a3 prool of & grawe induairial
hazard T (HIN 1962),

In relation 1o my present discusaion | know of
ro paralicl Investigtion, We have (or certainly
had) o make up our mimis on 8 uniyue event;
snd there is no difficulty in dving 30,
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(1) Speetficity: One reason, needless (0 1ay, is the
specifacity of the associstion, the third character-
istic which invariably we must consider. (f, ay
here, the asseciation 19 limited to specific workers
and 1o particular sites and lypes of dhensc and

“there i no association between the work and

other modes of dying, then clearly that is a stron;
argumendt in favour of causation. :

We must not, howsver, ovencmphasias the
importance of the chamsteristic. Even in my
presceni example there i & causa angd efact rela-

. Homship with two differant sites of cancer - the

jung and the nosa, Milk az a carrier of infection
and, in that sense, the cause of disesse can pro-
duce: such a dispsraie galaxy a3 scaclet fever,
diphtheria, tuberculosis, undulant sore
throal, dysentery and typhold fever. Belors the
discovery of 1he underlying facior, Lhe bacierial
arigin of discase, harm would have been done by
pushing oo fimdy the need for specificity ac &
neceasary feature before convicting she dairy.

Coming ta modem times the  prospective

. investigations of smoking and cancer of the fung

have been eriticized for not showing speeifichy -
in other words the death rate of smoken i
higher than the death rate of non-smokers (rom
many causes of death (though in fact the resuls
of Doli & Hill, 1964, do not show that), Bui here
surcly one must return to my first characieristic,
the sirength of the association. Ul oiher cuiises of
desth are raised 10, 20 or even 0% in smokens

whereas cancer of the lung i raised 900-1,000%7

we have specificity - a specificity in the magnilude
of 1he ausocistion,

We must eho kéep in mind that disenses may
hsve more than oos csuse. It has alwuys been
poisiblo 10° ncquire & cancer of the scrotum
without aweeping chimneys or taking 1o mulc-
spinning in Lancashire. Onesto-one reiationshipa
are Aot frequent. Indeed 1 believe that mulii-
causstion i generally mere likely than single
causation though possibly if we knew all ihe
answers we might get back to a single facior.

.y

In short, IF specificity exists we may be ablk to
draw conclusions without hesitztion; il ji is not
ApParent, we are not thereby necessarily left
sitting irrcaclurely on the f L

{(9) Tempornitey: My fourth characterisile i3 the
temporal reistionship of 1he association - which
is the cart and which 1he horse T This la o Question
which might by particulaely relevant with diseascs
of slow development. Does & particuiur dict kead
t discase or do the early stages of (e disesse
kead (o those pexuliar dicietic habitsT Docy o
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particuiar ocgupmtion 1 accupslional cnvimne
mentl pomme infoctio oy the teiwrcke hacillus
or are the nicn and woimen wha aelect thal kind
of work morc liable 19 Cunitract tuberculosis
whatever Lhe omvironnwml — or, inklevd, have they
alrcady contracted @17 This wmpewal prohlem
nay ma drise often Ind il certitinly toeds ta be
rememvhed,. portionbarly with selective faciors
21 work in indusiry,

13) Hinkayical prankenr: Mifthiy, il ihe associytion
is ong which can reveal 2 biological pradicnt, or
doda-rosponne curve, then we sheuld Jook most
carclully for such cvidence. For instance, the
fact that the death ratc from cancer of the lung
riscs lineariy wilth the number of cigarettes
smoked dally, adds & very great deal o tha
uimploy evidence that cipareile smokers have &
higher death raie than nen-amokers, That eom-
parison would be weakened, though nol neces-
sarily destroved, il it Jepended upon. 237, a much
heavier Jeath raie i lght smokers and & Jower
e in peavier smokers. We should then nocd o
envisage some much more complex eelationship
o satisly tha cuse-and-¢iTet hypothews, The
cledr dose-response cunve admils of a simple
explanation and obviously puts the cass ia a
clearer light.

- The same woukl clcarly be true of on alicged

dust hanrd in indusiry. The dustier the environ-

ment the grenter the incidenee of disease we

would cxpect to ae¢. Qhien the diffeully is to

secure some satisfagiory yuantitative measure of -
the envirosment which will permit us 10 caplore

this dose-response. But we should invariably

ok it

(&) Plasaibility: 1t will be helplul il the causation
we suipect i3 biologicully plausible. But this is a
[emiure 1 am convinced we clnnot demand. Whal
is biokogically plausible depends upon the bio-
logical knowlcdge of the doy.

Te quoit again from my N!‘rcd Wason
Memoarial Lecture (Hill 1942}, there was

', « - no binlogical hemvwicdpe 10 support (or o refure)
Poll’s abservaiin in the Hh contury ol the eaem of
cancer in chimncy sworpn, I wan ek of biskogic!
kauwrbodyy 1n e 1 that kad o prizc casayist wreiting
on the value and 1he Tallacy of siatistics (0 conclude,
amongst oAt “atmurd’” avsaiationy, that ~il cowld
be no mors ridicyluns for the sirenger wivo passcy the
night in the metrage of an emigranl thip 1o sscribe
the typhn, which he therg contructed, 10 the vermin
with wiich hodics of e Mick might be infocted®. And
COoming 10 RCANT Les, in the 2Mh watury thore was
a0 biolognal koowikupgs 1o support \be evidenoy
agnimt rebelia, '
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In shorl, 1he acsaciation we ohseree may by -

o new i ence o medicing and we i ~
diamiss it toe light-heariediy ws just too odd, As
Sherlock Hahma advised DE Waison, *when you
have chininated the impoasible, whatever remaing,
howerer improbahic, must be the rrutiv

{7 Cobeviner: On the other haid the cawseaand.
eficct mterpectation of our ita should o
serivusly conflict with the generally known facss
of the nateral histury and Bivtogy of the disease
= i the expression of the Advisry Commiitee
to the Surpron-General it should have coherence,

Thus in the discussion of lung é;lm:r the
Commitice Hnds ju associariig with cigaretie
smoking coheront with the 1emporal rite 1hat has

-taken plave in the Lwo variahles over the [ast

gencration andd  with  the sex  dilference in
mortaliny -- fealures that mipht well apply in an
occupational prublem. The known whban/rura)
ratiec of hung cancer moriulity doct- nod detracy
from cohcrence, nor the restriction of 1he «lfect
io the lung. '

Personally, 1 regard 3 greatly contributing 1o
coberonce the histopathological cvidence from
the bronchial epithelium of smokers and the
imolation from cipareue smoke of faciors car-
cinugenic for the skin of laborainry snimals,
Heovertheloss, while such labormtory cvidence can
enormausly  strenmihen  the  hypothesis  anad,
indeed, may delermine the actual cauaztive agent,
the kwk of such evidence cannotl m Iy Ihe
epideminlipical abservatians in man  Arsenic
an undnuhtedly cause cancer of lhe sam in man
but it has never boen possible 1o demsonstraie
srch an offect on any other animal, In 3 wither
field John Snow's cpidemiclogical pheervotinns on
the ennveyanes of cholera by the watcr from the
Broad Sircet pump.would have been Pul almoemt
beyand dispute if Robert Koch had bheen then
sround to isolaie the vibrio fiam ihe baby's
nappics, the well itsefl and the gentleman in
delicare health from Brighton. Yet the lact that
Koch‘s_work wus 10 be awaited another thiny
years did not really weaken the epidemiological
case though Il made it more diffieult to catablish
Apzimat the criticisms of the duy - bath just and
urusk. *

(&) Experimene: Oconviomally it i possible 10
ap_pul It expurimental, or semi-eaporimetiat, -
evidenen. For exampic, beoause of an observed
ASBOCILION Some proventive action is Liken. Poc-,
W in fact prevent? The dust in the wiwkshop is
reduccd, lubwicaling oils. are chanprd, persons
stop smuking cigarcties, Is the freyuency of the
sssecialed ovents affecied ? Here the stronpest

417 'SnyydN B SUILYH WOHd

‘Wdoz: 2 Lo/eL/y tpenTadey

="

- —— e




- H

suppurt o the causatinn  hyputhesis may h:.
revealed,

(9] simnlogy: In some circumsiapces i would be

. Foir o judge by mnalogy. With ihe cifewts of
thadedomitke and rubclis befor: w - wo would
serely hs ready 10 accopd. slighter but simikir
e idvice with amuher drug o unuther wviral
dingine i PrCEncy.

Here then ure mine differont viewpoines from alt
of which we should stunly asociation teforg we
cry caunation. What | do nat buelieve -- and thia
has heen augpesed = & ihal we.cun weefully Wy
Juwn seme hardand-fast rules of évidonce that
mst be vbeved before we aeept cavae aval
offect. Nona of my minc viewpoinis can bring
indisputable cvidenes fur or ggRinst the cause-
and-ciTert hypolhexis and pone cun be required
a3 @ sive g cwa, What tiwy c3n do, with greate?
e leas arengih, i to help us In make up our

. minut on the fundamentui question - is there any
wiher way of explaining the ot of facts before us,

* i thetre any other anawer equally, or more, likely
than cause and effect ?

Txts of Significancy :

No formal 1631 of significance can amiwer those
* quesiions, Such tests can, and should, remind ua.

of the effects that the play of chunce can creale,

srd they will instruct wa in the likcly magnitude

of those effecis. Beyond that they contvibure

nothing 1o the “prool™ of our hypothesid.

Mearly furly years ugs, amongat the sudies of
accuputional health it | mude for the Indusirial
Heaish Rewurch Rourd of the Medicn] Reseurch
Council was une that concerned the workers In
the cotion-spinning mills. of lancashire (Hill

-, 190}, The gueaation 1hat 1 had (o answer, by he
we of the Nationul Heulth insumnee records of
that time, wis this: Du the workers in the crd-
roum of 1he spinniag mill, who lend the machines
that clean the raw colton, kave 3 sichnems saperi-
enex in any way differcnt from that of uther
operatives in the same mills whe ane relatively
wroapoed 10 the dust and (e that were
features ol the cardroom? The anywey was an
unyualificd 'Ya'. From age 30 1o ape 60 ibc
wrdroom workers sullered over three limes o
much from respiralory causes of ilincsa wherens
frown now-re1piralury cousas their CARTIgNCE was

. nnt diMerent (rom that of the other workers
Thit prorwmmesd Jilferenee with the rapiralory
cires ward drived md fromy steewmnally fong
perionky of sicknass bud ralber frwm o0 eacessive
rumbier of rencatod (slweres from work of thg
cardroom workers,
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All this has rightly passed into the himbo of
forganien things. What interesis me Loday is this:
My rosults were 5ot out fer men and winnen
separsitely and for hall & doson ape groum in )8
inhics. S0 there were plealy of sums, Yui | cannal
find thas anywhere 1 thought it necessary to usc a
13t of significance. Tha evidence wits so chearecul,
1he Jilfermices between the proups were mainly 30
Jurg. the contrasl between roiniralony ant nOn-
respiratory causes of iliness so specific, thay no
Lornwl 1eils could reafly comribute anything of
vulug W the arpument, S0 why usc them !

Wikl we think er sct that way Loday? |

" rather doubt iL. Berween the two world wars there

way & Hrong cumt for smphasizing 16 the linician
and oiher research workers the imporuance of not
overlockiag the effects of the play of chance upon
their dain. Perhaps 100 ollen generalics were
tased ypon two ran snd 3 labomtory dog while
the weatment of choiee way deduced from &
dilference betwsen two bedfuls of paliepis and
mighi casily have no truc meaning. It was ihere-
fore a usclul corrective for statisticians to strem,
and 1o ek the need for, tests of significance
merely to serve 83 guides 1o caution before draw-
ing a conclysion, hefore inflaling the panicular
o the geneval.

.  wonder whether the pendutium has not swung
w00 fur = not onky wilh the anentive pupils but
even with the statinticians themseives. To decline
(0 draw conclusions withoul standard creors can
surely be just as silly? Fortunately | bclicve we
hove not yet gone 30 far a3 our friends in the
USA where, | am 10id, some editors of journals
will retutn am article becowse tests of signilicunce
have nol been applied. Yt there wre jnnumerable

situstions in which they are Wially unnecessary = °

hecayse the dilference v protesquely obvious,
hocause it i negligiblke, or because, whether it be
formaliy significing or nox, it is too small 10 be of
snv practical imporiance. What is worse the
glitter of the 1 tablc diverts attention from ihe
inadequacies of the fare. Only & tithe. ard an
unknown (ithe. of the lactory personnel volunieer
far some procedure or interview, 207 of putienis
treuted in somie particulur way ure lost 1o sigh,
10", of a nindomiy-driwn simplc ATS nover con-
wered. The sample mey, indeed. be akin e that
of the man who, according 10 Swill, *had & mind
1 3¢i) his house and carried a picoe of brick in his
puckat, which he showed at a patiern 10 cn-
cournge purchusers’. The writer, the cdinr and
t: reader are unmoved, The magic furnwile are
there,

OF course § cangperate. Yot tho ofien | sunpest

we waste 3 deul of liwe, we grasp twe shtadow and
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lose the aubsee & we weahen our capacity 1o
inerpct data and 10 take raananahle decisions
whatcver the value 6l P. And far 100 ofien ac
dedure *no  dilference” fram ‘no significant
difference”. Like fire, the x* test is,an excellunt
Jervant and a bad master.

The Caze for Action

Finally, in passing from assaciation 1e eausation
I believe in *roal Jife' we shall lave 1o consi I
what fwa from that decision. On fie
grounds we should du m such thing, “Thie €ver
dence i there 1o he judged an its mokitt snd the
judement (in that sense) should * b ulterly
indepandent of what hangs upaa it - or who
hangp becuse of i, Bul in another and ‘More
practical senas we may surcly agk what is involved

in our decision. In occupational medicing our

abjecy is usuaily 10 (ke action, IT this be opera-
tive chuse and that be delcrerious fToct, then we
shall wish 10 invervene 10 abolish or reduce
denth or disease,

While that is & commendable ambition K
Jimest incvitably lends us 10 introduce dilferen-
tial sindards before we convier, Thwt on
relatively slight evidence we might decide 1o
resrict 1he use of a drug for eurly-morning tick.
mhmunlm.lt“mmh
deducing causatkon from su0cialion no great
r-m-mummmuhdywm
pharmaceuticnl industry will doubties survive,

On Mair evidence we rright 1aks sction on what
Apperrs io0 be an occupstional hazard, e3. we
mighi changs from a protably carinogenic oil
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108 non-carcintiponic ndl in 3 limited eIV OBmLT L
and without Ino muach injustice if WE Bic wrgen

we made peopde burn a fucl in Iheir homes thae
they da not ik of slop sivek g Lhociguretics 4.
tating the g and Sugar thal ey do bike, o,
asking lor very Mrong cvidence | would, howerver,
repeat emphialically thal sthis does ol imply
Srossing ewery U, and swinds with Every crilic,
before we act,

All seientiing wurk iy incompicic - whethwr it b
vbservationa) ar caperimenial. All scientific work
iIs liable 10 b upeel or modifcd by advancing

knowledge. That does not confer upon us 3 free- -

o Lo ignoee (he knowledpe we slready have, or
o posipone theaction thay it &ppears lodemand ag
A piven time,

Who knows, asked Robert Browning,. but the
world may end (Omight? True, bul on available
evidence mos of us make resdy 10 commuin on
ha £.30 next duy. :
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