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Objective and design:To relate UK national trendsnee 1950n "I Top
smoking, in smoking cessation, anith lung cancer to the contrasy ﬁl‘:ﬁ:‘;‘:ﬁﬁon
results from two large case-control studies cerdcwrednd 195@nd £ Participants and methods
1990. £ | Results
Ay i i © | Discussion
Setting: UnitedKingdom. F 1 References

Participants: Hospital patients under 75 years of age and

with out lung cancein 1950 and 1990, plus) 1990, a matchesample of the local population:
1465 case-control pains the1950 study, and 982 cases plus 3185 conitnaise 199Gstudy.

Main outcome measuresSmoking prevalence and lurgancer.

Results: For menin early middle agéen the UnitedKingdom the prevalence efmoking halved
between 1950 and 1980t the death rate from lung cancer at ages 3®ibé\fen moreapidly,
indicaing some reductiom the risk among coimtuing smokersin contrast, women and older
men who were still curresimokersn 1990 were more likely than those1950 to have been
persistent cigarette smokers throughout adulilifé so hattiigher lung cancer rates than current
smokersn 1950. The cumulativesk of death from lung cancer by age ¥#bthe absence of other
causes of death) rose from 6% at 1950 rates todtGP@90 ratesn male cigarette smokers, and
from 1% to 10%n female cigarettemokers. Among both men and wonmeri990, however, the
formersmokers had only a fraction of the lung cancer odmninuing smokers, and this fraction



fell steeplywith time snce stopphg. By 1990 cessation had almost halved the numbemagf |
cancersghat would have been expected if the former smokadsconthued.For men who stopped
at ages 60, 50, 40, and 30 the cumulaisies of lung cancer by age 75 were 10%, 6%, 3%, an
2%.

Conclusions:People who stopmoking, even wellinto middleage, avoid most of their subsequent
risk of lung cancer, and stojpyg before middle age avoids more than 90% of theaiskutableo
tobaccoMortality in the near future and throughout the firatf of the 21st century could be
substantially reduced by curresmhokers giing up the habitln contrast, the extent to whiglbung
people henceforth become persistent smokers vigittahortality rates chieflyn the middle or
second half of the 21sentury.

In
Medical evidence of the harm done dyioking has been " Top
accumulang for 200 years, at firsh relation to cancers of the liand ° ' Abstract
mouth, and them relation to vascular disease and lung caricEne . L';t:ggi';;t:;g and methods
evidence was generally ignored until five case-mstudiegelaing | Results
smoking, particularly of cigarettes, to the developmefniung cancer %Z;‘g:s
were publishech 1950, onén the United Kngdon? and fourin the -
United States:2 Cigarettesmoking had becomeommonin the United Kngdom, firstly among
men and then amorgomen, duing the first half of the 20th century. By 1950 lwancer rates
among mernn the United Kngdom had already beeising steeply for many years, but the
relevance osmoking waslargely unsuspected £ At that time about 80% of men aA@% of
women smoked (fid andBMJ's website, table A). But feaf the older smokers had smoked
substantial numbers of cigarettasoughout their adult life, so even male lung eamates were
still far from their maximum (exceft younger men), and rateswomen were much lower. Over
the next few decades, a substartedrease occurred the United Kngdomin the prevalence of
smoking (fig 1), in cigarette tar yields, and, eventuallylung cancerates (fig2), and by

1990 male lung cancerortality , althoughstill high, was decreasg rapidly2-12

Fig 1. Trends in prevalence of smoking at ages 35-

59 (left) and 60 (right) in men and women in
the United Kingdom, 1950-98. Prevalences at ages 25-
34 were 80% for men and 53% for women in 1948-

52 and 39% for men and 33% for women in

1998. Further details are given on the BM.J's website
(table A)

View larger version (16K):
[in this window]
[in a new window]




Fig 2. Trends in mortality from lung cancer in men and
women in the United Kingdom, 1950-97: annual

mortality per 10° at ages 35-54 (left) and 55-74 (right)
years. Rate in each 20 year age range is mean of rates in
the four component five year age groups. Age specific
rates from 1950-2 to 1993-7 are given on BM.J's website
(tables B and C); at ages 35-54 and 55-74 in 1998 the
rates were 17 and 243 (men) and 12 and 20 (women)

View larger version (17K):
[in this window]
[in a new window]

In this paper we relate the UK national tremdsmoking, in smoking cessation, anth lung
cancer to the contrasy resultdrom two large case-control studiessofioking and lung cancen
the United Kngdom that were conducted 40 years apart, centrete years 19597 and 199¢
The 1950 study was concerneih identifying the man causes of the rise lung cancer and
showed the predomant role of tobacco. The 1990 study was concenoegustwith reconfirmng
the importance of tobacco but alsith assessg the lesser effects afdoor air pollution of some
houses by radohBecause there has been widespread cessditionoking (indeed, above age
50 there are now twice as many formigjarette as current cigarette smokarthe United
Kingdomt9), the second study was able to assess the long fsatseof giving up the habit at
variousages.

The 1950 study was conducted in London and four other large towns ¢ 1op
during 1948-52, and its methods have been described elsewhere. 271t = i\erj‘Ct
. . .. C 1 " . £ | Introduction
involved interviewing, as potential "cases," patients younger than 7] Participants and methods
75 years of age in hospital for suspected lung cancer and, as "controls," | Results
age matched patients in hospital with various other diseases (some of ~ Discussion
“ 1 References

which would, in retrospect, have been conditions associated with

smoking). After patientsn whom thenitial diagnosiof lung cancer was eventually refuted were
excluded from the casels}65 cases and 1465 controls remed. A prelimnary report ory09 case-
control pairs was publisheéd 1950, and the full resultgere published two years laté¢

The 1990 study was conducted idgr1988-93n a part of southwest England that had not been
includedin the 1950 study. Potentieéhses were patients younger than 75 who were eeferth
suspectetling cancer to the five hospitals Devon and Cornwall thatvestigatedung cancer. For
each case a population control was ot#d,selected randomly either from lists of the locahily
healthservices authority or from electoral rolls, andoggital controlvas selected from patients
whose current admission was for a diseasehought to be related sonoking. Controls were
matched foage, sex, and broad area of residence to the {stigh suspectetling cancer. Cases
and controls were eligible for the 1990 stuayy if they were current residents of Devon or
Cornwall, hadived in one of these two counties for at least 20 yeadcauld beinterviewedin
person by research assistants alsoubking habits and other relevant characteristics. Tinal f
diagnosiof cases was sought; those who hadnaking related disease othigran lung cancer
were excluded; and the few who had a diseas&nown to be associatedth smoking were
transferred to thkospital control group. Similarlyp 1990 (although nat 1950)the final



diagnosis of all the hospital controls was soughtithose whose nmia reason for beg in hospital
was a disease knowm be related temoking were excluded from thstudy.

The distributions of themoking habits of the population controls and hospitaltcmain

1990 were closely similar, atie results are presented hetith these two control groups
comhbned.Further details of the study design and methodkatd collectiorand analysis have been
given elsewher& Information was obfaedin the 1990 study about tisenoking habits of

667 men and 31&womenwith a confirmed diagnosis of lung cancer and of 21@8and

1077 femaleontrols.

Statistical methods

Relative and cumulative risks

Relative risks for men and women comipagiparticular categories of smokeith lifelong non-
smokersn thel1990 study (and the ratios of the riskdormer smokers to those coninuing
smokers) were calculated by logistic regressiih adjustment for age Further adjustment for
social class;adon exposure, and county of residence made neriaadifferenceRelative risks for
men and womem the 1950 study were takan the odds ratiaadicated by the published
frequency distributionsf the age matched cases and contr&telative risks fronthe studies were
then cominedwith national lung cancenortality rates from 1950 and 1990 respectively to
estimate the absolubazardsn various categories of smoker, former smoker, ardsmoker.
Because they arenked to known national rates, these absaistes are statistically stable among
smokers (and among formamnokers), even though the risks relative to lifglolwn-smokersaould
not be stable as so few non-smokers develop tleasisSuch calculations of absolute risk allow
comparisons between differezategories of smoker not onyithin this study but also betweéns
and other studies that report absohigks.

For the 1990 studyyithin one particular age group, the absolute lung camates for the different
smoking categories werebtaned by multiplyng the all ages relative risks for eacltteg smoking
categories by a common factor. This factor was ehss that comimation of these risk&/ith the
prevalences of sug@moking habits among study contrats that age group yielddtle 1990 age
specific lung cancer death ratethat age groupf, for one particular category of smoker, the lung
cancer rates per 1()_5 in all the five year age groups before age 75 add up to ¢, then the cumulative

risk by age 75 is 1 exp( 5¢/10%). For the 1950 study the relative risks were
multiplied by 0.6(men) and 0.5 (women) to yield the cumulative (B by ager5. These factors
were chosen to ensure that the population weigheshs of the cumulative risks for lifelong non-
smokers, formesmokers, cigarette smokers, and other smokers4vé¥e (mengand 0.7%
(women) asn the 1950 population. (The cumulative rigkich depends only on the age specific
lung cancer rates up &me 75 and not on compej causes of death, is somewhat thas the
lifetime risk.)

Use of gtatigtically stable non-smoker rates from a large US study

The most reliable recent evidence on leagcer rates among lifelong non-smokardeveloped
countrieds that from a prospective studymbrtality in one million Americangluring the 1980s
(see table D oBMJ's website)4 12 TheseAmerican rates seem to correspond not only to what
normally happens the United States but also to what normally oceutie UnitedKingdom, at
least among professional men. For, when theseesguere used to predict the total number of
deaths from lung cancamong the non-smokers a cohort of male British doctors thets been



followed prospectively for 40 years from 1951 t®199 L/ the number expected was 19.03; the
number actually observed wag (RDoll, personal communication). The American lung cancer
rates for non-smokers suggest cumulative risksgoyears oaige of 0.44% for men and 0.42% for
women.

Cumulative risks for the different categories ofo&erin the 1990 study are shown on BdJ's
website (table E), represémg the probabilities of death from lung cancer befage 75: that
calculated for lifelong non-smokers is 0.2% for nagra 0.4% forwomen. The male rate is about
half thatin the American studiut is based on only three cases, which is toctéelve reliable.
Conversely, the American results suggest that the cumulative risks calculated from the 1950 study

\—0.6% (men) and 0.5% (women) in lifelong non-smokers ~ may be slightly too
high, although the raia men is based on only seven cases andmwiaded by problemsvith the
1950 male controls (see Results). We have therefseehe American results for non-smokens
most of our analyse$his does not affect the risk ratios compgrsmokers and formemokers or
the estimated absolute risks among smokers andefamokers.

Effects of current smokingin 1990 study * Top
Most of the participants who were still currergarette smokeris “ Abstract

. . * | Introduction
1990 would have been cigarette smokers througimhult life, and the . b, cinants and methods

cumulative risk of lung cancer by agei@3his group was 15.9% for | Results

men and 9.5% for women (sB&J's websitetable E). These : 3?#2?335

cumulative risks reflect the death rates fiomg cancer of cigarette -

smokersn 1990 and were obtaed bycombnin g the relative risks from the 1990 case-control
studywith national death rates. Had these men and womenezhasintensivelywhen they were
young as adolescent smokers do nowadays, the ctimeulaks might have been greater. Only 34%
of the male and 11% tiie female controls who were current smokers hadest beforeéhe age of

15 years, and the case-control comparisodiatethat smokers who had done so had double the
risk of lung canceof those who had started aged 20 or older (risksatdjustedor age and

amount smoked were 2.3 (95% confidemderval 1.4to 3.8) for men and 1.8 (0.9 to 3.4) for
women).

Effects of cessationn 1990 study

A large number of men and, to a lesser ext#ngomen had stoppeximoking well before
1990. Hence, particularipr men, robust estimates can be ob@d from the 1990 data tife
effects of prolonged cessation on the avoidancesbkftablel).

Table 1.Comparisons of risk of lung cancer between allentrsmokers,
View this table: all former smokers, and lifelong non-smoker<d.990 study
[in_this window]
[in a new wndow]

The ratio of the risk of lung cancer those who have stoppedhoking to thatin coninuing
smokers gets progressively loveer the timeisce cessation gets longer, although it never gats
as low asn lifelong non-smokers. Once people have stadesnoke, however, the comparison
that is relevant for them &f former smokersvith coninuing smokers, and tablecontrastshe



numbers of cases among former smokeéts the numbers thatould have been expected if
smoking had conhued.In the 199Gstudy there were substantially more former smottean
continuing smokers among the controls, and this widespreaghtiea hadlmost halved the
number of cases that would have been expeicted former smokers had camtiedsmoking. The
risk ratios compang former cigarette smokevsith contnuing cigarette smokers (sB&J's
website, table F) are essentially the same as thdaélel for all smokers and can be used to
calculate the cumulativésks of lung cancer for men who stemoking cigarettes at differetges
(fig 3). The cumulative risks by 75 years of age are%3d@ men who contue to smoke
cigarettes and 9.9%, 6.0%, 3.080d 1.7% for those who stopped around 60, 50,038 years

of age. The pattern among women was similar: tineutative riskof lung cancer by age 75 among
coninuing smokers was 9.5% compareih 5.3% and 2.2% among women who stopped around
60 and 50 yearsf age, respectively. The risk seemed even sniallevomen whdad stopped
earlierin life, but the number of such women was small for statistical stability. The results fo

smokers antbr former smokeré tablel and figure3 are not affected bgny assumptions that
may be made about non-smoker risks.

Fig 3. Effects of stopping smoking at various ages on the
cumulative risk (%) of death from lung cancer up to age 75, at death
rates for men in United Kingdom in 1990. (Non-smoker risks are

taken from a US prospective study of mortality'%)

View larger version
(14K):
[in this window]
[in a new window]

Comparison of findings forsmokingin 1950 and 1990 studies

The hazards at the death rates among cusreokersn the 1990 study, when the male lung cancer
epidemiowvas well past its peak, can be compasgti the hazards at thieeath rates among current
smokersn the 1950 study? £ whenthe epidemic was stilhcreasng rapidly, except among mém
early middle age (tabl2).

Absolute risks in smokers unaffected by biases in 1950 male controls

The indingsin the earlier study were reportid categories ofmoking that differ slightly from
those nowconsidered appropriate, but this probably mak#s tlifferenceln addition, the hospital
controlsin the earlier studincludedan unknown, but appreciable, proportion of patieviie were
in hospital for conditions that were subsequently shtwbe relatetb smoking but were not
known to be san 1950. This means thtte proportion of smokers was higher thanhe general
populationand also that the relative risks estimated fromlt0 studyor different levels of
smoking were too low. Both effects willave been relatively unimportant for women, as few
women at thatime had beesmoking long enough to have been admitted to hospaahuse of a



smoking related disease. Even for men, they walve had little effect on the calculated absolute
risk among smoker$, for example, the male rate of hospital admisdiar the controtiiseases

was about 1.5 times as great among smokers as amoorgmokershen correction for this would
multiply the relative risk of lungancenn male smokers by about 1.5 and wouldicate that the
percentage of current smokensthe study areas was not 8a8at about 80% (which was about the
percentagén the country aa whole). But this correction would have no matesféect onthe
cumulative risk calculated for cigarette smokergl(bttle effect on that calculated for other
smokers or former smokers)s the weighted average has to renda7% to match the 1950 male
death rates. It would merely reduce the cumulaislkecalculatedor male non-smokers from 0.6%
to about 0.4%, therebyibgingit closer to thatn US non-smokers.

Table 2. Smoking status versus cumulative risk of death from lung
View this table: cancer by age 75, from 1950 and 1990 studies
[in_this window]
[in a new wndow]

Changes in prevalence of smoking

One clear difference between the 1950 B9@0 study results table2 is that many of the controls
in the 1990 study had given smoking, so there was a large decremsthe prevalence of
smoking between the two studiesn (both1950 (after correction) and 1990, the prevalence of
smoking amongcontrols resembled that national surveys.) The reductionthe proportion
currentlysmoking cigarettes was smaller womenthanin men. Among women who still smoked
in 1990, a higher proportiemoked heavily than was the casé 950, and a substantialprger
proportion had started before the age of 20 (684®090and 24%n 1950 among women,
comparedvith 83% and 76% respectivedynong men). Moreover, the way that women smoke a
cigarette habecome more like the way men #olNevertheless, among womeid enough to b
the 1990 study more than half of those walad been cigarette smokers had given up the |zatuit,
an evergreater proportion of the men had done so. A recatbnal survegonfirms that among
men and women aged over i50the United Kngdom,the number of former cigarette smokers is
double the number abninuing cigarette smoker But those who are cdntiing smokers
nowadays may well have smoked substantial numbengaretteghroughout adult life, whereas
national cigarette sales diug the first few decades of the last centdA? show that fevof the

older smokergn 1950 can have dors®.

Changesin lung cancer rates among continuing smokers

Another clear difference between the two studigbat the cumulative risk of lung cancer among
smokersncreasedubstantially. Théncrease occurred not only among women (anvaimgm the
cumulative risk for cigarette smokers was 1.0%4950and 9.5%n 1990) but also among men
(among whom itncreasedrom 5.9% at 1950 cigarette smoker lung cancesrad 5.9%at

1990 rates). As lung cancer mky occurs above the age &b, theincreasen the cumulative risk is
manly because curresimokers aged 55-714 1950 were less likely to have smoked a substantial
number of cigarettes throughout adult life tharrenr smokeré 19901812 Among younger men,
however, the death rate frdong cancer decreased more rapidly than the pneealefsmoking
(figs 1 and2), indicaing lower death rates from lung cance990 than 1950 among male
cigarette smokens early middleage.



Prolonged cigarette smoking | Top

The 1990 study provides reliable evidence, particularly among men, - | Abstract
* | Introduction

about the absolute effects of prolonged cigarette smoking and about Participants and methods

the effects of prolonged cessation (table 1, fig 3). Information about "I Results
the effects of prolonged cigarette smoking could not have been g'esfce‘i;'ge"s

obtained in 1950 because the habit became widespread in the United

Kingdom (firstly amongnen and then among women) onlyidgrthe first half of the 20tbentury.

By 1950 thencreasen smoking was too recent to havad its full effects on disease rates, except
perhaps among mem early middle age. The fact that by 1990 many efdirrensmokers would
have smoked substantial numbers of cigarettes ghieutadult life is the chief reason for the large
increasen the cumulativeisk of lung cancer among camting smokers2 For the sameeason,
increases the risks associatedith smoking were alsseen between the first 20 years (1951-71)
and the next 20 yea($971-91) of follow upn the prospective study efmoking anddeath among
British doctorst! and between the two large prospectitedies carried out by the American Cancer
Societyin the 1960snd 1980s220

At the lung cancer rates for female cigarette smkel950 the cumulative risk of death from lung
cancer before age Tl the absence of other causes of death) would hese tnlyl% compared
with 10% at 1990 rates. The effect of longer expofogetherwith the effect of changes the

way women smoke cigareté&soverwhelms the lesser effect of the reductiogigarette tayields
(and of other changeés cigarette composition) over thigriod2

Among male cigarette smokers the cumulative ristteaith from lung cancer by age idGreased
from 6%in 1950 to about 16% 1990. Agan the most plausible explanation for thisreases
that the effect among conting smokers aged 55-74 of a greateration ofsmoking substantial
numbers of cigarettes outweightbeé effect of changeas cigarette composition. At ages 35-
54,there was a twofold decrease between 1950 andih38@ prevalencef smokingamong men,
but, particularly at ages 35-44, matertality from lung cancein the United Kngdom decreased
more rapidlythan the prevalence emoking (figs 1 and2), suggeshg a decrease hazard among
smokers. Thes@ecreases and decreaseshehazards among smokers, togetivéh large changes
in smokinguptake rates and cessation rates, underlie the feucfuationsn UK lung cancer death
rates showin fig 2 and reviewedh moredetail elsewhere-2 2123

Prolonged cessation

In the 1990 study we were able to assessffieets of prolonged cessation among those who had
smoked cigaretteder many years. Although efforts to change fromacgdtes tmther types of
tobacco, or fronsmoking substantial numbers oigarettes temoking smaller numbers, seemed to
confer only limitedbenefit (table2), stoppng smoking confers substantial benefiigure3

indicated that even people who stpoking at 50 0160 years of age avoid most of their
subsequent risk of develog lung cancer, and that those who stop at 30 yeaag@fvoidnore

than 90% of the risk attributable to tobacco ofsthavhaconinue to smoke (see figgandBMJ's
website, table G)n theUnited Kingdom widespread cessation has roughly halved thnarof
cases of lung cancer that would now be ocogrras by 199@ had already almost halved the
number that would have occurredthe study (tabld).

Past and future trendsin total mortality attributable to tobacco
Despite cessation aimoking and improvements cigarette composition, lung cancer is still the



chief neoplasticause of deatim the United Kngdom, and tobacco causes exwsre deaths from
other diseases than from lung cané&t2 The changesisce 1950n tobacco-attributable
mortality fromdiseases other than lung cancer can be estinradedctly fromnationalmortality
statistics 2412 Such estimatesdicatethatin 1965 the United Kigdom probably had the highest
deathrate from tobacco related diseaseshe world, but thatiscethen the number of deatrs
middle age (35-69) from tobacco ldecreased by about half, from 80 00965 to 43 00t
1995.Nevertheless, cigaretimoking remans the largestisgle causef premature deatim the
United Kingdom and eventually killasbout half of those who persistthe habit! The 1990 study
assessed the effects of stogpsmoking only on lung cancebut a comparably large benefit of
stoppng was found for all causeortality in the prospective study sfnoking and death among
British doctorst! This reénforces similar evidence from manther countries that even middle
age those who stapnokingavoid most of their subsequent risk ofrtgekilled bytobacco.

Two thirds of thosen the United Kngdom who are still current smokers say they waigfive up
the habitt? and the extertb which they succeed daing so will be the chief detefimantof the
number of deaths caused by tobacco over the nextiéeadeBothin the United Kngdom and
elsewhere2? 22 the extent tavhich young people become cigarette smokers oeenéixt few
decades will strongly affechortality onlyin the middle andecond half of the 21st century, but
mortality in the first halfof the century will be affected much less by thenbers of nevemokers

who start than by the numbers of current smokes stbp.

What is already known on this topic
Smokingis a cause of most deaths from lung camncéhne United Kngdom

Early studies could not reliably assess the effetgolonged cigarettemoking or of
prolonged cessation

What this study adds

If people who have beesmoking for many years stop, even welto middle age, they avoid
most of their subsequent risk of lung cancer

Stoppng smoking before middle age avoids more than 90% of theaiskutable to
tobacco

Widespread cessation simoking in the United Kngdom has already approximately halved
the lung cancemortality that would have been expected if former smoketisdoatnued to
smoke

As most current smokens the United Kngdom have consumed substantial numbers of
cigarettes throughout adult life, their risks oattefrom lung cancer are greater than earli
studies had suggested

[1%)
—

Mortality from tobaccaon the first half of the 21st century will be affedteauch more by
the number of adult smokers who stop than by tmel@n of adolescents who start
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