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Abstract

Objective : To assess the hazards associatiéd long termuse of tobacco.

Design: Prospective study ahortality in relation to smokinghabits assessed 1951 and aga
from20time to time thereaftenith causes sought of deaths20over 40 years (to 1@®hjnuation
of a study that was last reported after 20 yealsw up(1951-71).

Subjects: 34 439 British male doctors who replied20to atgkegiestionnairen 1951, of whom 10
000 had died dumg the first20 years and another 10 000 have diedhduthe second 20 years.
Results - Excessiortality associateavith 20smoking was aboutwice as extreme durg the
second half of the study as it Haelen dung the first half. The death rate ratiosidigr1971-91
(compamg contnuing cigarette smokersith lifelong20non-smokersyere approximately
threefold at ages 45-64 and twofold at effes84. The excessortality was chiefly from diseases
that carbe caused bymoking. Positive associationgith smoking wereconfirmed for death from
cancers of the mouth, oesophagus, phamanynx, lung, pancreas, and bladder; from chronic
obstructivepulmonary disease and other respiratory diseases;\fasculadiseases; from peptic
ulcer; and (perhaps because of confougthy personality and alcohol use) from cirrhosiscig,
andpoisonng. A negative association was confirmeith death20fronParknson's disease. Those
who stopped28moking before middleage subsequently avoided almost all of the exdglsshat
they would otherwise have suffered, but even thdse stoppedmokingin middle age were
subsequently at substantially leisk than those who caniued to smoke.

Conclusion: Results from the first 20 years of this stumyg of other studies at that time,
substantially20underestimattee hazards of long term use of tobacco. It nownsahat aboutalf
of all regular cigarette smokers will eventuallykiked by their habit.

Clinical implications
* Clinical implications

* Observations on theortality of British doctorsvith knownsmoking habits have




been reported over a 20 year period (1951-71); thevstudy period has been
extended to 40 years (1951-91) and covers oveOR@8aths

» Overall, the excessiortality of cigarette smokers was approximately twice as
extremen the second half @s the first half of this study

« Twenty five causes of death were significantly aggedwith cigarettesmoking (24
positively and one negatively)

* Evenin middle age stoppg smoking substantiallyncreased the subsequent
expectation of life - and those who stopped beB&rgears of age had an expectation
of life that was not significantly different frorhat of non-smokers

Introduction

After the two large case-control studies of 195 #howedung cancer to be closely related to
smoking, 12 prospectivestudies were needed that could deteemwhich other diseasegre also
related to the habitn 1951 all the doctors Britain were asked what they smoked. Most of the 40
000 who repliedvere male, and a prospective study was startdueofdusesf death that
subsequently occurred among them. The early resuitfirmed the strongelation between
smoking and death frorftung canceg and found thasmoking was also related tmortality from
many other diseases.*RF 4-6* Deaths haveioaetl to beecorded and, from time to time, further
guestionnaires haveeen sent to the survivors. The last report orethesn wasf the results after
20 yearL We now report the results fafllowing them for 40 years to 1991 and compare the
appareneffects of cigarettemoking onmortality from all causes durg the first and dung the
second halves of the study. We reisb themortality during the entire 40 year period from 48
specific causes of death, or groups of causesenwith differentsmoking habits, and the effects
of stoppng smoking at differentages, and we discuss the extent to which the sftédsimokingon
certan causes of death are positively or negatively comdedoy the effects of alcohol.

The hazards of tobacco have been documented by atherystudiesyhich have been summarised
by the Royal College of Physiciaf§the United States Surgeon General,*RF 9-11* and the
InternationalAgency for Research on Candérl3Some prospective studieave been far larger
than ours; ours, however, has been icar@dfor more than twice as long as any other, whickegiv
it somespecialinterest, for long comtued cigarette use is particulahgzardous,*RF 14-16* and
cigarette use by young men became widespeadtkrin Britain thanin most other countries.
During thefirst half (1951-71) of this study, therefore, fhag canceratesin middle aged men
were highern Britian than anywherelsein the world, and duing the second half (1971-91), the
lung cancer ratest menin old agein Britain were among theighest. Hence, a study sifoking
and death among British mdnring these years may be particularijormative about thazards
of long coninued cigarette use.

Methods
Questionnaires

At the end of October 1951, questionnaires werétseallthe men and women whose names were
on the British medical registand who resideth the United Kngdom. Simple questions were
asked about theamoking habits, and replies sufficiently complébebe used were received from



6194 women and 34 439 men. Whast reported one woman had been mistakenly classified as
male, until diagnosed asidyg of uteine cancer. The relativefgw female smokers had nat,
general, smoked as long oriatensively as the male smokers, so that they dproidedirect
information about the effects of long teemoking.22 The present report is therefore restricted to
the 40 year followp of the menln quiries about changés smoking habits angome further
details about them were made of the nmeh957,1966, 1972, 1978, and 1990; on the last two
occasionsinquirieswere also made about alcohol consumption and sonee personal
characteristics. Detailed accounts of the questsked andf the response rates to the earlier
questionnaires have begiven previously>:%17Replies to our last questionnainghich was sent
out at the start of the 40th year of the studsre received from 10 807 (94% of those not knowvn t
have died)andinformation was obtaed about changes theirsmokingand dmking habits, their
use of aspin, and the previousccurrence of any vascular disease.

Follow up

In 1971,information was obtiaed about the vital status apldce of residence of 99.7% of the men
who had responded the 1951 questionnaire; 10 074 were known to haee ahd 245% be

living abroad. Those who lived abroad have not beeowellisnce, nor have 218 others (1% of
those not known to have digfljhey then asked to be excluded from the stu@2)lif theyhad

been struck off the medical register for unprof@saiconduct (15); or if, before November 1971,
contactwith themhad been lost (101). Of the reimder, 10 449 are known to hadied before 1
November 1991; 118 have been censored at thehdgtevere last known to be alive (71 known to
have emigratednd 47with whom contact has been lost); 10 615 replied tajoastionnaire after 1
November 1990 and are thought to hbeen alive a year later; and 506 who did not repke
questionnairevere traced alive after 1 November 1991.

Deaths have been monitoredseveral overlappg ways. Theffice of Population Censuses and
Surveys was to notify us automaticaiien members of the cohort diedBritain. In addition, we
monitored the obituary columns of the BMJ and thexdMal Directoryand we corresponded
directly with the doctors themselvesjth people who lived at their last known addressesyitr
otherswho knew them. Quiirial round of correspondence begarNovemberl990, so some of the
deaths that occurrad the 40th year ahe study (November 1990 to October 1991) will hbgen
missedJudged by the number at risk at the start of thial fyearn(11 652), the crude death rate
that year (489/11 652=4.20/1008hd the death ratés the previous four years when standardised
to the age distribution of the 1990 survivors (44651, 4.654.71; mean=1.1x4.20), the death rate
in the fnal year shoulthave been about 10% higher than we recorded (yglabout43 deaths
instead of 489). The deficiency has, therefore, blewed for, when necessary, by multiply the
mortality recordedn the last year by 1.1.

Causes of death

For the vast majority of deathscluding many of those thatccurred abroadnformation about
the underlyng cause wasbtaned from official death certificates1 otherinstanceswhen no
official information could be obitaed, the cause wasvenin an obituary or described by a
relative.ln 217instance$1% of all deaths) the cause rammunknown, commonly becauthe
death occurredh a countryin whichinformation about thenedical cause of death is not publicly
available. Causes wecttassified accoridg to the seventh revision of theternational
Classification of Diseas&if the death occurred dag thefirst 27 years (1951-1978) and



accordng to the imth revisionof theinternational classificatio if it occurred duingthe last 13

years (1 November 1978 to 1991). Speriguiry was made about the evidence for any deaths
attributed to lungancetin the first half of the study, but this rarely lexdtevision of the diagnosf,

and the certified causes are umdhe present analysis. Exceptionally, deathsbatied topleural
mesothelioma were always separated from lung camecea special category was created for deaths
that were thougHikely to be due to pulmonary heart disease (sé@\e

Statistical methods

In calculaing death rates for different categories of smokerfrave assumed that questionnaires
were returned soon aftdrey were sent out (as the great majority wereatRsethabccurredn the
year that a repeat questionnaire was senwvetd related to the reply to the previous quesamen
(Thishelps limit the effects of disease smoking.) Otherwise non-smokeasd conhuing

smokers were analyséd the categoryn whichthey last described themselves. The same is true fo
formersmokers, except that they were classed as batoppedsmokingfor progressively longer
periods as each year passed. ifoetality attributed to contuing smokers has therefore been
slightly attenuated byncluding with the deaths and the person yedgsk some deaths and some
years at risk when thadividualshad recently become former smokers. Althougprinciple the
mortality among non-smokers might likewise have been slightireased byncluding with the
non-smokers a femdividualswho had recently become smokenrspractice the distortiowill be
negligible, as the proportion of non-smokerd 951who subsequently startadhoking is small

(see below), mogif those who did start soon stopped, and thehifeateimg effects ofsmoking
generally take many years to appear.

Mortality has been calculated separately for (i) lifelong-smokergthat is, men who have never
reported hamg smoked as mucks one cigarette or 1 g of tobacco a day for ag &snongear)

and for men who, to the best of our knowledge, hHealstuallysmoked (ii) only cigarettes, (iii)
only pipes or cigars, div) at times both cigarettes and tobagtmther forms. Allanalyses of non-
smokers and of smokers refer to these categertespt where categories (iii) and (iv) have been
combined as'other smokers."” It is probable, however, that safie merdescribed asmoking
only cigarettesn 1951, particularly those the older age groups, may have smoked pipes arscig
atan earlier period, asquiries about the way tobacco was smagexiiously were not made until
1957 and were then made onfymensmoking pipes or cigargr 1951. Consequently, men
classifiedas smokers only of cigarettes ohg the second half of trefudy may have had more
prolonged cigarette use (and hence grdweard) than men of similar age who were similarly
classifiedduring the first year.

All mortality rates have been standardised for age and calpedad by calculatg the number of
deaths that would have beexpectedn each five year age group and each calendariyesach
smoking category if thesmoking habit had had no effeoh mortality , sumning the correspondg
observed and expectadmbers, and multiplyg the ratio of the two numbers by tio¢al death rate
for the ages and period covered. Where differeacesaid to be "non-significant” this implies that
the two sidedP value is greater than 0.08ith out any adjustment for threultiplicity of
comparisons.

Results

Changesn smoking habits



The smoking habits of those who replied 1951 and survivetb the end of 1990 are contrasted,
table I,with thesmokinghabits of these subjects about 40 years latedyRsrtausef the
disproportionate attrition of the smokers, but @iibecause most doctors who smoked 951 had
ceased to do sthe overall proportion of smokers among these 40 garvivorsvas reduced from
62% to 18%, the proportion of cigarette smokeas reduced from 53% to 7%, and the proportion
of smokers otigarettes only (that is, who were not atsooking cigars ompipes) was reduced from
41% to 6%. These changes were not simplyaccompaniment of exgy, as they were much greater
than thadifferences seem 1951 between one age group and anothas @swnin table I1), and
occurred to much the same exteneach age group 1951: for example, the proportion who
smokedcigarettes only was reduced from 37% to i8%neninitially under 25 years of age and
from 33% to 2%n meninitially aged45 years or more. Among the non-smoker$951 who
repliedin 1990, 11% had startexinoking at some time durg theintervenng 40 years but most
(65%) had subsequently stopped, and four fiffhithose who had cointued smoked only pipes or
cigarsin 1990.Similarly, very few of those who were former smakier 1951had started aga and
coninued to smokén 1990; agan, ofthe 5% who did, almost all smoked only pipes oarsg It
cannotbe assumed, however, that these changes are tgpaihimaledoctors of the same ages, as
only two thirds of the doctoiis the United Kngdom responded to our 1951 questionnaire, those
who did so smoked somewhat less than the non-rdspsin 19512 and the knowledge that they
were the subjects of a studfythe fatal effects of tobacco may itself havBuenced theihabits

over the next 40 years. Those who did smoke cigareportedsmoking much the same amount at
each age at the beging of both the first and second halves of the studglé I1).

- Snmoking habits of doctors who replied to 1951 and 1990-1
nai res. Val ues are nunbers (percentages)

Current snoker, 1990-1*

Non- o] 1 =] S e
snoker , snoker, Cigarette Cigarette Pi pe or Al'l habits,

habi t 1990- 1 1990- 1 only and ot her ci gar 1951
cer, 1951 2361 198 17 4 86 2666 (25)
moker, 1951 0 1374 10 3 66 1453 (13)

snoker, 1951*
tes only 0 3355 535 47 446 4383 (41)
tes and ot her 0 897 74 31 308 1310 (12)

ci gar 0 695 16 2 287 1000 (9)
ts 2361 (22) 6519 (60) 652 (6) 87 (1) 1193 (11) 10812(dagger) (100)

ined in response to respective questionnaires; apart fromthe

i on between non-snokers (who, by definition, had never snopked

y) and fornmer snokers, these do not take account of past habits.

) Including 197 nen who replied but died later in the 40th year of the

TABLE Il - Change in anmount snoked with age (cigarette snokers)
Average No of cigarettes
snoked daily: nen who
currently snoked only




cigarettes in 1951 and
1971

Age s s e
(years) 1951 1971
35-44 16.9
45- 54 19.3 18. 2
55- 64 19.7 19.1
65- 74 18. 2 18.6
75- 84 14. 7 16. 6
>=85 10. 6 14. 4

Mortality by smoking habit and cause

Pipe and cigar smokers who had never regularly sohalgarettebave been examed

previously€ Theirmortality from the causethat were classified as closely relatedtooking
(cancer®f the lung, other respiratory sites, and oesopsiaguronicobstructive lung disease;
pulmonary tuberculosis; pulmonangart disease; non-syphilitic aortic aneurysm; ia¢nvas found
to be less tham cigarette smokers, though greater tranon-smokers, while theimortality from
other causes was similar thatin non-smokers. For simplicity, we now preserirtality ratesin
detail only for cigarette smokers who had not a¢gularly smoked tobacao other forms and
have grouped themaning smokers together as "other current smokers" thietéormer
smokers."

Mortality rates have been analysed separately for 54 speaifses of death, or groups of causes,
and for a 55th group comping) those deaths for which we were unable to discowause. They
are shown bymoking habitin tables I11-V for all the 48 causes groups of causes that were
individually responsible for moithan 50 deaths.

Table Il shows the rates for 17 types of cancecdise ofhe paucity of numbers for some
individual types, we have grouptmbether cancers of the mouth (other than theasliglands),
pharynx (other then the nasopharynx), and larylhxfavhich were regarded by tHaternational
Agency for Research on Canteas diseases that can be causesnbyking, into one group of
"upper respiratory cancers."” These, togethién four of thefive other types regarded by the agency
as able to be causbg smoking (cancers of the lung, oesophagus, bladder, ancrgas)verein

the present study all clearly relatedstooking. Threetypes (cancers of the upper respiratory sites,
lung, and oesophagusgre particularly closely relatedjth themortality in heavycigarette
smokers at least 15 times thaton-smokers; twother types (cancer of the bladder and pancreas)
were abouthree times more commam heavy cigarette smokers thannon-smokersloo few

deaths (me) were specifically attributed to canoéthe renal pelvis (the renman g type regarded

by the agencgs able to be caused dyoking) for useful analysis. Severstudies have suggested
that four other types of cancer, whichour study each caused more than 50 deaths, might
sometime®e caused bymoking. One (cancer of the stomach) showed a statistis@hificant
relation with smoking, and another (myeloid leukaemsijowed a margally significantrelation

with the amount smokedhe two others (cancer of the kidney, whichludes here rengklvis,

and cancer of the liver) showed,this study, a weajositive and non-significameélation with
smoking. Six of theother seven specified types of cancer that we exasiralscshowed no
significantrelation (cancers of the colon and prostdyeyphomas, multiple myeloma, other
leukaemias, and a groupaif other specified types of cancer), but the sdvérancenof the



rectum) did, as it had dorie our previous repoA moderate but statistically significargiation
was observetbr cancers of unknown oriig, as was to be expected, as a propoiahem is
likely to have arisem the lung.

from neopl asti c di seases

Annual nortality per 100 000 nen

n- Cigarette snokers O her snokers

L] I i e e
ver Current No of cigarettes

€= o e

arly) For mer Cur r ent 1-14 15-24 >=25 For mer Cur r ent N/ X/
1 3 24 12 18 48 8 15 6.6
4 58 209 105 208 355 59 112 17. 4
4 19 30 17 33 45 14 23 5.5
6 23 35 30 29 49 11 24 3.4
3 21 30 29 29 37 13 21 3.0
6 25 43 40 46 44 23 30 2.7
7 9 11 17 3 15 9 6 0.7
9 11 13 13 14 12 11 16 1.8
4 8 7 3 9 10 8 8 1.2
6 50 46 49 39 52 55 47 0.8
0 15 23 13 19 44 17 24 3.5
8 58 67 54 73 84 54 64 -0.3
4 9 12 16 8 13 8 10 -0.3
6 15 16 15 22 7 16 17 0.3
1 8 9 5 12 10 9 5 -1.6
9 39 40 44 33 45 47 31 -0.8
5 15 30 18 42 30 10 21 3.3
)5 384 656 482 645 936 369 474 14. 2
4) (885) (1139) (317) (416) (406) (565) (1081)

om a particul ar disease the

zero and a standard devi ati on of
.29 correspond to P values (two
rs of any type of tobacco, current

mkers, snokers of 1-14, 15-24, and 25

Table IV showsnortality similarly divided for 18 diseases (@oups of diseases) of the
respiratory and circulatory systemsspiratory tuberculosis iscluded here rather thamth
infections.Chronic obstructive lung diseaseith which are classed aleaths attributed to "chronic
bronchitis” or "emphysema") showselation almost as strong as that for cancer of the lung.
Pulmonary tuberculosis conties to show a moderately closétion with smoking, butincludes
data for only me moredeaths than were recordedthe first 20 years of the studyweak but
statistically highly significantelation with smokingwas observed for pneumonia, which was
much the same at all agp®sssibly because of amcreased risk associatedth the presencef
chronic obstructive lung disease. Although tkisition is weak it is of some importance because of
the substantialumber of deaths attributed to pneumonia (4% ofdted). The lack of a clear
relation of current tobacco useith deathfrom asthma is nahconsistentvith the belief that



smokingaggravates the disease. Asthmartality in all who had evelbeen smokers (combng
current and former smokers) was mttran double thah non-smokers (8.3 agest 3.7 per 100
000per year), and the relatively high rateformer smokers suggestsat the development of
potentially life threatemg asthmaaused many smokers to stopoking, but they still remaedat
somewhatncreased risk of death from the disease.

1abits fromrespiratory and vascul ar di seases

Annual nortality per 100 000 nen

——————————————————————————————————————————————————————————————————————————————————— St ar
Non- Cigarette snokers O her snokers
S 110] T B T i
(never Current No of cigarettes
snoked
regul arly) For mer Cur r ent 1-14 15-24 >=25 For mer Cur r ent N X/ S(dag
4 8 11 7 9 20 8 4 1.1
(542) 10 57 127 86 112 225 40 51 9.9
71 90 138 113 154 169 94 85 3.3
4 11 7 6 8 6 9 7 0.4
19 28 30 26 31 33 24 18 0.1
107 192 313 237 310 471 176 164 8.2
(131) (455) (490) (161) (170) (159) (290) (392)
0 7 10 5 10 21 3 10 3.7
572 678 892 802 892 1025 676 653 7.5
61 88 125 122 109 173 96 85 3.5
15 33 62 38 74 81 22 43 6.9
22 18 40 31 38 72 28 23 1.9
32 33 44 28 51 60 37 33 1.1
93 95 122 93 150 143 100 106 2.4
59 63 81 74 81 92 69 58 1.0
7 10 15 10 12 24 4 6 1.4
)25) 94 110 164 167 145 188 101 103 3.2
9 11 14 17 11 14 13 9 0.5
15 10 15 15 20 8 17 13 -0.1
) 58 63 71 60 82 74 62 59 0.7
1037 1221 1643 1447 1671 1938 1226 1201 10.5
(1304) (2761) (2870) (1026) (1045) (799) (1878) (2986)

ity froma particul ar di sease the
tation zero and a standard deviati on of

, and 3.29 correspond to P val ues (two

r snokers of any type of tobacco, current

y>=non- snokers, snokers of 1-14, 15-24, and 25

Pulmonary heart disease was the circulatory caiideath thatvas most closely related to
smoking, which is hardly surprisg. (We havencludedin this category deaths attributed to
myocardialdegeneration and congestive heart failure that weseciatedith chronic obstructive
lung disease as well as the few deaftecifically certified as due to pulmonary heasedise.) Next
most closely related was aortic aneurysintlh themortality in heavy cigarette smokers more than
five times thatn non-smokersPeripheral vascular disease is another importasduwar condition



that can be caused bynoking, but although it causes a grdatl of disability, it rarely causes loss
of life. In this studythe number of deaths attributed to it (28) was ube anchence did not
justify a separate table entry. (But, althobgised on small numbers, tlertality from this
disease amongpninuing cigarette smokers was four times tinahon-smokerand three times
thatin former cigarette smokers.)

The relatively weak proportionatlation observed for the commamascular diseases, ischaemic
heart disease, myocardial degeneratsgooondition that is beg diagnosed much less often now
thanin the first 20 years of the study; the categactudes aldeaths classified as No 422ICD-7
or 429in ICD-9), and foithe various forms of cerebrovascular disease bedie absolute
importance, particularlyn middle age. Although the overatflortality in even the heaviest
cigarette smokers (25 or maalay) was only about twice thatnon-smokers, this ratis more
extremein middle thann old age and the great numioéideaths attributed to vascular causes
(more than half of thotal) means that the absolute exaesstality from vasculadiseasesn
cigarette smokers was more than double that atédtia the cancers of the respiratory and upper
digestive tractthat are so much more closely relatedimoking. Of all thecategories of vascular
disease examed, only two nmor categoriegrheumatic heart disease and venous thrombosis) and
the heterogeneowgoup of "other cardiovascular diseases" bore guifstantrelation to smoking.

Table V shows similar data for 13 other causeseatld andor unknown causes. Two conditions
stand out: cirrhosis of tHever, for which themortality was five times as great contnuing
cigarette smokers as non-smokers, and five times as gilieateavy asn light cigarette smokers,
and peptic ulcer, farhich the corresporidg excesses were each about threet®ddh these
conditions were highly significantly relatedsmoking (P<0.001). Seven of the other categories
also showed highenortality ratesin cigarette smokers tham non- smokers and heavy
cigarette smokers than light, but therelation with smoking was clearly significant only for a
heterogeneous growb "all other diseases," suicide, and poisagn Hernia, whiclwe had classed
previously as closely related sonoking2 isincludedin "other digestive diseases" as only 25
deaths werattributed to it. Thenortality from hernia was highen currentsmokers tham non-
smokers anth heavy thann light cigarettesmokers, but the trends were not statisticallyiScant
andtherelation was less closi the second thain the firsthalf® of the study. Deaths attributed to
"other violence" (buhot deaths from traffic accidents or falls) wergoalelatedo smoking, but
less clearly so than deaths from suicide pwoidonng.

rom causes that are not neopl astic,

causes
Annual nortality per 100 000 nen

Non- Cigarette snokers O her snokers
18] =] I I
never Current No of cigarettes
moked e e e e oo
gul arly) For mer Cur r ent 1-14 15-24 >=25 For mer Cur r ent

8 12 24 11 33 34 12 15

6 15 32 13 22 68 14 16

25 32 43 38 47 47 28 32

16 13 24 21 27 25 15 14




9 10 16 18 21 4 14 7 0.1

64 79 98 89 90 124 81 72 2. C

170 202 286 242 277 382 212 182 3. ¢
(225) (458) (489) (169) (171) (149) (330) (429)

23 29 37 26 33 57 25 34 2. ¢

7 9 19 15 16 31 10 12 3. 4

17 12 16 21 7 22 18 12 -0. 7

8 12 13 17 10 11 7 12 1.5

17 22 28 23 23 46 20 18 1.3

72 84 114 103 90 172 79 88 3. €
(114) (165) (254) (81) (80) (93) (95) (196)

17 29 34 33 30 41 16 24 2. ¢
(27) (78) (38) (13) (13) (12) (29) (45)

1706 2113 3038 2542 3004 3928 2078 2130 18. ¢
2215) (4802) (5280)  (1767) (1895) (1618) (3187) (5039)

roma particul ar di sease the

) zero and a standard devi ati on of
3.29 correspond to P val ues (two
cers of any type of tobacco, current

nokers, snokers of 1-14, 15-24, and 25

One disease showed a statistically significant tnegeelation with smoking: namely,
parknsonismMortality from this conditiorwas highein former smokers thain coninuing
smokers, presumabbgecause the effects of the disease nsadeking difficult, butit was almost

the samen former smokers and non-smokerstlsat the annuahortality in ever smokers (16 per
100 000) wasower thanin lifelong non-smokers (20 per 100 000), suppagrearlier evidence that
smoking inhibits, the development (tie progress) of the diseg®No usefulinformation was
obtanedto test the hypotheses that two other diseasest iéghegativelyelated tosmoking -
ulcerative coliti$ and, more speculativelzheimer's diseagé - as only eight deaths were
attributedto ulcerative colitis and 19 to Alzheimer's disedsmaybe noted, however, that the
annualmortality from dementia (regardedsincluding all deaths classified under ICD 7th revision
Nos304-306 and 9th revision Nos 290 and 331), abdfiohahichis probably attributable to
Alzheimer's disease, was similarnon-smokers (ne per 100 000) and ever smokers (11 per 100
000).

Mortality by smoking habit, by age

No death was observed men under 25 years of age and the tatahber observed at 25-34 years

of age was so small (67) thabrtality ratesin differentsmoking categories were subjdctlarge
random variation. We can, therefore, usefully corapge specifienortality in detailedsmoking
categories only fromabout 35 years of age upwards, although it mayobedthatinder 35 years of
age themortality was highein current smokergl.5 per 100 000 per year, based on 35 deaths) than
in non-smokerg¢l.1 per 100 000 per year, based on 17 deathsheManembersvere recruited to

the study after 1951, so theortality at35-44 years of age was observed almost entinefiye first



two decades (November 1951 to October 1971)wamdality duringthe fourth decade of the study
(November 1981 to October 1994iJl have contributed materially only to ages 5%l aver.

The datan table VI show that, for the 40 year period of $haly as a whole, the overaibrtality
was twice as great coninuing cigarette smokers as lifelong non-smokers throughoeniddle
and early old age. The proportional excessigarettesmokers decreased, howeverlater life,
and the ratio waeduced to 1.6:1 at 75-84 years of age and 1.atjed 8%years and over. Some
of the decrease can be attributed teductionwith agein the average amounts smoked by
continuing smokers (showm table I), some to the reductiam the proportiorof deaths from
cancer (from 24% of all deaths at ages 6%&as to 11% at ages 85 years and over), and some t
the progressiveeductionin the ratio of thenortality in cigarette smoket® thatin non-smokers
that is seen for deaths from cardiovascdisease (from 2.1 at ages under 65 through 1.2ahd
to 1.2at ages 85 years and over). How the ratios chasigeage forthe diseases most closely
related tasmoking is unclear, athe numbers of deatls non-smokers each age group are too
small to provide stable estimates.

/I - Tot al

nortal ity by snoking habits and age at death
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Annual nortality per 1000 nen*

Cigarette snokers only O her snokers
Non- snoker s Cur r ent
(never smoked 000 memeeee oo
death (years) regul arly) For mer All >=25/ day For mer Curr ent
(1.6) (dagger) (2.0) 2.8 (5.1) (2.8) (1.6)
4. 4.9) 8.1 10. 8 (4.8) 5.5
9.5 13. 4 20. 3 26.0 11.2 12. 5
23. 7 31.6 47.0 60. 7 30.5 32. 4
67. 4 77.3 106. 4 117.0 77.6 79. 4
168. 6 179.7 218.7 (284.7) 186. 1 179. 8
s, i ncluding under
17.1 21.1 30. 4 39.3 20. 8 21.3
(2115) (4802) (5280) (1618) (3187) (5039)
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lardi sed for age in five year age groups up to age>=95.
r ) Par ent heses indicate rates based on fewer than 100 deat hs. The
ient of variation of each rate is approximtely equal to the inverse of

lar e r oot

of the nunber of deaths on which that rate is based; hence,

)ased on fewer than 100 deat hs have a coefficient of variation that
, 0.1 (109 .

Actuarial survival bysmoking habit

As the observations have been made over such aifoagithas been possible to follow many men
into their 10th - and ew eveninto their 11th - decade of life. It has, therefdxeen possible to
calculate "actuarial” survival curves for differeategories of smoker not only throughout middle
age but alsoto old agewith results that are reasonably reliable uptteast 85 years of age. The
results from 35 years of age af@wn for non-smokers and conting cigarette smokets figure

1, and for non-smokers and conting light, moderate, and heaeigarette smokers figure 2.

The most notable differencasein the proportions who die between 35 and 69 yeasgefvhich



vary from 20%n non-smokers to 419 cigarette smokei@s a whole and to 50% those who
smoke 25 or more cigaretteglay. The absolute differences between the sumprehabilitiesof
smokers and of non-smokers become ilessxtreme old ageimply because almost nobody
survives beyond 100. Even aftarddle age, however, the differences between srsaks non-
smokersn their annuamortality rates are quite large: of those alater0, the probability of
surviving to 85 is 41%n non-smokergaganst 21%in cigarette smokers. The loss of expectation of
life shown by these figures is substantial. Foaoeite smokershe age by which half have died is
eight years less than foon- smokers, while for heavy cigarette smokeis 110 yearsess than for
non-smokers.

FIG 1 - Overall survival after age 35 among
cigarette smokers and non- smokers: life table

estimates, based on age specific death rates for
the entire 40 year period. (Note that, at 1990

British death rates, 97% of male infants would
survive from birth to 35 years of age)

View larger version (28K):
[in this window]
[in a new window]

FIG 2 - Overall survival (as fig 1), but with
cigarette smokers subdivided by amount they

were smoking at the time their last
questionnaire was returned

View larger version (39K):
[in this window]
[in a new window]

Assessment of the effects of stopgpsmoking is complicatedby the fact that people stop for
different reasons, some stopg (particularlyin old age or late middle age) because theylare
coversely, some may, because they are ill, spatlifichoose not to stop, itiking that it is too late
for any benefifrom so ding.2 Most of those who stoppeéd the doctors' cohodre likely to have



done so not because of an established illnesto avoid long term effects emoking or to set an
exampleZ2and their state of health at the time they stogpedicularlyif they stoppedn early
middle age or before) should not halistorted materially the pattern of their long tesarvival.

The pattern will, however, be substantially distdrfor afew causes of death that are preceded by
long term irreversiblenorbidity, most notably, chronic obstructive lurigeasé:?*

The survival of cigarette smokers who stopped f&tréint agess comparedn figures 3 and 4vith
that of non-smokers andth that of those who coimtued to smoke. Those who stopedore 35
years of age (at a mean of 29 years) had a pattesurvival that did not differ significantly from
that of non-smoker@ig 3; two tailed P>0.05). For those who stopped ldtgr4) the survival was
intermediate between that of non-smolard that of combuing smokers; but even those who
stopped ab5-74 years of age (mean 71 years) had age speuifi@lity rates beyond age 75 years
appreciably lower than those who donied.The benefit of stogpg in late middle age or old age
is probablyunderestimatedh these analyses because some of those who stopiatelr life are
likely to have done so specifically becao$éeng ill.

FIG 3 - Effects on survival after age 35 of

stopping smoking before age 35: life table
estimates (as fig 1)

View larger version (32K):
[in this window]
[in a new window]




FIG 4 - Effects on survival after
ages 45, 55, 65, and 75 of
stopping smoking in previous
decade: life table estimates (as in
fig1)

View larger version (42K):
[in this window]
[in a new window]

Changen mortality and survival over time

In the course of 40 years many changes have ocdinaedouldchave modified the effect of
smoking, including the efficacyf medical treatments (both therapeutic and preveptthe
prevalence of other factors thateractwith smoking, thetype of tobacco smoked, and the amount
of tobacco that had besmokedn the even more distant past. We have thereforelleacithe
excess risk (cigarette smokers versus non-smogepsratelygluring the first half (1951-71) and

the second half (1971-9aj the study. These excesses are shown for fivgemesin figure 5. No
figure is given for men under 45 years of agéhe second half of the study as the number of men
in this agegroupin 1971 was too small to permit a reliable comparissra percentage of the
mortality among those who had never smokegllarly, the excess among current cigarette
smokers was consistentiygherin the second half than the first, particularlyn late middle age.
Examnation of the separate survival curéesnon-smokers and for cigarette smokers shows tha
theincreasen relative risk was so extreme that it counterbatantesubstantial improvement that
has taken place over the past fd@cadesn the survival of the non-smokers (&) Overall,
therefore, there was practically no change betweerirstand second halves of the studythe

age specific patterref survival of the cigarette smokers (8y even though thiwas a period when
nationalmortality rates were imprawug rapidly.



FIG 5 - Excess age specific mortality in
cigarette smokers in first half of study (lower

line) contrasted with that in only second half
(upper line). An excess of 100% represents

doubled death rate. Bars indicate

SD

View larger version (12K):
[in this window]
[in a new window]

FIG 6 - Survival after age 35
among cigarette smokers and
non-smokers in first half (left)
and second half of study (right).
For ages 35-44 rates for the
whole study are used in both
halves since little information on
these is available from the
second half

View larger version (24K):
[in this window]|
[in a new window]

Changesn mortality between the two halves of the studystrewnin table VII for some of the
principal causes of deaiin non-smokers anih coninuing cigarette smokers. (The detaibege
specific rates are givan the appendix.) To allow f&.0% of the causes of deaththe second half
of the studybeing unknown while only 0.05% were unknownthe first halfand for the possibility
that some 50 deatlis the 40th yeawere missed, the cause specifiortality ratesin the wholeof
the second half have been multiplied by 1.025.6¥ doctorsvere under 45 years of agethe
second period, the rates émited to men aged 45 years and over and are atdised t@a
populationwith the age distribution of the person yeamskt over 45 years for the whole period.
Most of these standardisestes,n consequence, are higher than those recardebledll-V.

Mortality by cause in first and second 20 years anbng non- snmokers
te snokers

Annual death rate per 100 000 nen




at h 1951-71 1971-91 1951-71 1971-91

tic causes 382 394 743 993

r 17 17 264 314

ers substantially affected by snoking* 75 55 150 261

)| asti c(dagger) 290 322 329 418

\t ory causes 163 121 384 466

)structive lung di sease 7 15 151 208

Jiratory disease 156 106 233 258

| causes 1626 1153 2416 2003
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cancer of unknown site, plus renmining types recognised by the
\al Agency for Research on Cancerl2 as being able to be caused

-or sone of these sites (for exanple, stomach or liver) a smal
of cases may be caused by snoking, and this category may incl ude
\gnosed cancers of sites substantially affected by tobacco.

Mortality in non-smokers for the most part decreased: fronbecaevasculadiseases by 31%, from
ischaemic and other cardiovascular disebged0%, and from respiratory disease other than
chronic obstructivéung disease by 32%. The large reductiomortality attributedto "other
cardiovascular disease" is probably a nosologidafact due to the greater use of ischaemic heart
disease aa diagnostic terrm the second half of the study place ofvaguer terms like myocardial
degeneration and arteriosclero3ise true reductiom mortality from ischaemic heart disease
therefore likely to have been greater than therceabfigure The proportions of the reduction that
should be attributed respectivédytheintroduction of preventive measures and improvedirtreat
are not known but both must be appreciable. Theatemh 0f30%in mortality from the cancers
other than lung cancer thate causeth part bysmoking could be chiefly due to randovariation,
since the numbers of deatimsnon-smokers were sm@ll8 and 25) but it could also reflect a
reductionin the prevalencef carénogenic agents other than tobacco, as most of thsle this
category were from cancers of the pancreas andiétdmbth of which have other important causes.
Themortality in non-smokers from lung cancer, contrast, seems to have reneconstant,
although the numbers are small. (The much largespgactivestudiesin the United States have also
found no material change mortality due to lung cancen non-smokers between the 1960sl

the 1980

In smokers, the reductioms cause specifimortality , whenthey occurred, were smaller than
non-smokers (cerebrovascutisease was approximately constant, while ischaandoother
cardiovascular disease, taken together, decreasedlypaboui quarter)In severainstances,
reductionsn non-smokersvere accompanied bycreasesn smokers, most notablg the
mortality from the cancers other than lung cancer thatausexby smoking, from respiratory
disease other than chronic obstructiveg disease, and from "other diseases"; lung cantgch
was unchangeth non-smokersncreasedn smokers by 19%.

Two conditions showenhcreasednortality in both non-smokerand smokers. For chronic
obstructive lung disease the ratesion-smokers were based on such small numbersiftihe



first half and 10n the second) that thecrease may welave been due to chance. For the
aggregate of all types of candkat are "not associated/ith smoking theincreasen non-smokers
was small (11%) but smokers it was spread across a wide rafigancers and was somewhat
larger (27%).

Discussion
Causation, confounidlg, and chance

In general, the results this study for specific causesa#ath accoravith thosein many other
studies. Rimforced byother evidence, they helped lead more than 30 yeafs’2°to the
conclusion that the associations observed betwe®iking habit andmortality are chiefly causal
in character (see alsioe more recent reviews by the US Surgeon GeHaaatl thenternational
Agency for Research on Canééy.In most of thecausal associationsmoking seems to act
synergisticallywith other aetiological agents such as consumptioncohal2-28 various aspects
of die’; level of blood pressure, blood lipids, other cardiovascular risk factéfsor exposure to
asbestodZradon22 or possibly somenfective factors® The quantitativeffect ofsmoking will,
therefore, varyvith variationin theprevalence of these other agents.

In someinstancesmoking and other aetiological agents nadso be confounded, asth the
consumption of alcohdi variousaspects of personalif$;>3and perhaps some aspects of &fet>
Indeed, for a few causes of death the confoumfetweersmokingand other factors may account
for virtually all the observedssociatiorwith smoking, in which case none of the excessrtality
from those causes should be attributed to the .HEf& onlyplausible examples of important
associations that might be dwethis, however, are those thiavolve cirrhosis, suicidggnd other
traumatic causes, for which the associatiorie smoking may be secondary to associationth
alcohol and personality.

The close association betwesmoking and dmking habits wasonfirmed whenin 1978, the
doctorsin this study werénvitedto volunteer for a controlled trial of the valueaspiin as a
prophylactic agast the development of vascular diseiaspreviously healthy mek. for the 1978
questionnaire alsoquired about the consumption of alcoholioéis. Among 12322 doctors who
replied, the proportion who drank 42 unitswore per week (a halfipt of beer, a glass ofine, or
a snglemeasure of spirits each constitigg one unitjncreased progressivelgom 2%in those
who had never smoked regularly to 20%menthensmoking 25 or more cigarettes a day. If,
therefore, deatfrom cirrhosis was chiefly limited to men consuign 42 or moreunits per week, it
would not be difficult to expia, as theesult of confounishg with the consumption of alcohol,
mostor all of the substantial excess of deaths fromhoBsis thats observed when heavy cigarette
smokers are comparedth non-smokeraNor would it be difficult to expla at least a part of the
excesgnortality from suicide and poisamg in cigarette smokeis the same way, if these
conditions were also associatedh the consumption of alcohol (albeit less closelyntisathecase
for cirrhosis of the liver).

The attribution of some of the excessrtality in cigarettesmokers to confouridg does not,
however, necessarily mean tkia¢ overall effect ofmoking on all causenortality is lesghan that
observed, as the factorsth which tobacco is confoundeday also have other effects which tend
to reducemnortality . This is probably the caseith alcohol, the consumption of whiat leastn
moderation) is associatedth a reduced risk déchaemic heart diseas®3’If, as now seems
likely, the consumptionf a few units of alcohol a day can reduce thespgeificmortality from



ischaemic heart disease, then the confoumaf cigarette consumptionith the consumption of
alcohol wouldmnean that the total effect of cigaresteoking on ischaemibeart diseasmortality

is slightly more than that hitherteported. The analysis of our own date on the &ffetalcohol
consumption is complex, because the doctors redasg@&on-dnkersinclude some who gave up
on health grounds; this is reporteddetail elsewherd/ It may be noted, however, that preiirary
estimates of the ratio of tmeortality from ischaemic headiseasen cigarette smokers to thit
non-smokersn the populationvith bothsmoking and dmking habits is 1.58:With out
standardisatiofor the consumption of alcohol and 1.76:1 aftengd&adisation.

Whether the same is true of the confamgdvith personalitywhich could contribute to the excess
mortality in cigarettesmokers from suicide and poisog, is another matter. It woukiem

unlikely, andin the absence of evidence to the conttaeycontribution of these conditions to the
excesgnortality in cigarette smokers should perhaps be omitted, alahgthatof all other causes
of violent death, when the contributiohsmoking to the likelihood of premature death is
estimatedLikewise, no deaths from these causes were attabiatsmokingwhen estimates were
beng made of the worldwidmortality thatis attributable to the hakit developed countrie®

There remen a few causes of death which,our study, areelated tasmoking for reasons that are
unclear. One is cancef the rectum (table IlI) which was significantkglated tasmokingin our
previous repoftand corinues to show much treamerelation in these datavith twice as many
deaths. Colorectaancer has not generally been relatesihtoking in other studieghough it has
beenin some22 Colorectal adenomas, howeveaye consistently been relatedstnoking and it
has been suggestemh the basis of an American cohort st@8that cigarette smolacts as an
initiating agent and thatralation with cancemill be observed only after anduction period of
several decade@n that study aelation was recorded for small adenonmvash smoking habits
over the previous 20 years, and for larger adeneowitassmoking habits more than 20 years
previously.) If our datéor colon and rectal cancer are candxd, the associatiomith smoking is
still significant, but no longer particularly clgsad a possible explanation of our results is that
they reflecta real but weak association between colorectalesaarudsmokingthat has been
inflated by the play of chance, particularly fectal cancer. Whether such an association is ERusa
or reflectsconfoundng with alcohol omwith diet®4142remans to beseen.

The association (table W)ith peptic ulcer is likely to bargely or wholly causal, thatith
cirrhosis is likely to béargely or wholly non- causal, and the associatieitls theheterogeneous
group of other diseas@stable V may refleciome causal effects on diseases that are not
responsible fomany deaths and whosdation with smoking has not been commongyudied,
some confoundg, some misdiagnosis, and some chdluotuations.

Lastly, there was a weaklation with smoking for deaths frorntiother violence," after suicide,
poisonng, traffic accidentsand falls were excluded. Some of these deathsibuttd,for example,
to gunshot wounds - could have been unrecogmiases of suicide and due to confourgdvith
alcohol and personalitgt least two deaths were, however, directly attidtle tosmoking:
namely, those due to conflagration framokingin bed.

Temporal trendn excessnortality in smokers

A completely new feature of our results is the tgeabsolutend (particularlyn middle age)
relative excess ohortality associateavith smokingin the second half of the study compareth
the first. When current cigarette smokers were ameqghvith lifelong non-smokers, the excess



mortality associateavith smoking was already substantial dug 1951-71, but it was considerably
more extreme durg 1971-91. Dung 1951-71, the death ratescigarette smokers were about
double thosén non-smokerghroughout middle age; dag 1971-91, the correspoing) difference
was nearly treble. If, as is likely, most of théetiencein mortality between smokers and non-
smokers is actually causbg smoking then a threefold excess would imply that aboutttvirals of

the deathsh middle age among the smokers were cabgadbacco. Even at older ages the excess
mortality associateavith tobacco was substantially greaterl971-91 than it waduring 1951-71.
This difference between the apparent effe€t®baccan the two periods arose because age
specificmortality decreased substantially only among non-smokers.

It may seem that if there is a difference of fiwagsin mediansurvival between smokers and non-
smokers dung 1951-71 and difference of eight years dug 1971-91 (both showin fig 6) then a
difference of about 6 1/2 years (the averageaid8 years) might have been expeatethe

overall resultshbutin fact there was a difference of 7[elp] years figThis is because most of the
deathsn non-smokers occurred the second half of the study. S8wrtality in non-smokers for
1951-91in figure 1 is closer to thain 1971-91 than to that 1951-71, whereas theortality in
smokers was approximatetgnstanin both halves of the study.

An improvementn the survival of non-smokers was to be expecedhere have been many major
advancesn preventive and therapeuticedidne. Diet has improvenh several ways. The treatment
of hypertension and ischaemic heart disease has imgr@nd nationahortality from vascular
diseases has been decregsapidly),the urban environment has become less heavilytpdiuth
coal smoke, and the impact of AIDS has had litleat onmen of the generations studiéa.the
United States, a comparisby the Surgeon General of two prospective survégsnoillion people,
onein the 1960s and one the 1980s, found no evidenaiea changen lung cancer rates non-
smokers over a 20 yeperiod but a big decreasethemortality from coronary headisease
Likewise,in the present much smaller study theas, over the same period, been no evidence of
any changen themortality of non-smokers from lung cancer, although tiee been a substantial
reductionin theirmortality attributedo stroke and also to heart disease (if we domischaemic
heart disease and other cardiovascular diseapeglaablyneeds to be done to take account of
nosological changes).

It is easy enough to understand why ithertality in non-smokershould have improved, but why
has it not done s cigarettesmokers, who have generally experienced the sameditseof
prevention and therapeutic medie and have had the added advantddbe switch to cigarettes
deliveiing low tar? The changa the type of cigarette would have had only a moaeeéfecton

the overall hazards afmoking, for although it should haveduced the hazard of lung can¢et3

it may well have hatittle effect onmortality from the other ma diseases causég tobacco,
particularly those that depend on déelpalation such as chronic obstructive lung dis@aeed
ischaemic heartiseasé?

What seems to have been more impotfaftis the "matuing" of the epidemic of deaths of British
men fromsmoking with thosewho reached later middle or old agethe 1970s and 1980s hiag

had a longer history of regular consumption of mgfas thamen of the same ages would have had
during the 1950s and 1960%nother factor that may be importantthe matuing of theepidemic

(but which is impossible to quantify) is a chamgéhe way cigarettes have been smoketkcent
decades. The mority of doctors who comued to smoke cigarettés the latter halbf the study



may have tended to be those who smoked theardifferent way from that of the greater number
who had stoppesimoking them earlier. Theirfiding of a relativelyincreasedisk from cigarette
smoking in the second half of the stutbynot unique, for it parallels thentlingsin the two
massivecohort studies carried out by the American Canceiedy, onen the 1960s and onge the
1980s, which show a similarcreasever timein the excessortality in cigarette smokerst

If quantitative estimates of the current hazard®béccan developed countries are to be
made3844they should be basen fairly recent epidemiological evidence, suclhassecondalf

of the present study or, better (becausevblves mucHarger numbers), the second million person
prospective studip the United State¥!:3844But, whatever its size, nnglle epidemiological

study can provide an adequate basis for asggite worldwide epidemic of death from tobacco,
because the epidenmigat a different stage, and is evioly so differentlyjn different populations.

In almost all developed countries lucagncer ratesn women are now risg (which impedes
predictionof the eventual hazard for womem);some the rates menare still risng, in others

they are falhg, andin less developedountries where there has omtyrecent decades been a large
increasen cigarette use among men, largereasesn mortality from tobaccan men must be
expectedn the early decades tife next century as the future health effects afecusmoking
patternst**°The substantial differences between the effefctsbacco dung the first and second
halves of the presestudy underhe the need for a worldwide network of prospectsittglies that
can monitor théncreases, and eventual decreasesis great epidemic throughout the world.
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acknowledgemenhowever, is to the many doctors who have repliesutoquestionnaire3he
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