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Rangfaersiur um tengsl 6beinna reykinga og lungnakrabbameins

| kjolfar pess ad lagt var fram & Alpingi frumvarp um breytingar & I6gum um
tobaksvarnir hefur ein einstdk rannsdkn, sem unnin var a vegum
Alpj6daheilbrigdismalastofnunarinnar (WHO) og birt arid 1998, verid talsvert til
umraedu. bvi hefur verid haldid fram ad rannsdknin leidi i 1jos ad ekki séu
tengsl milli 6beinna reykinga og lungnakrabbameins og reynt hefur verid ad
gera tortryggilegt ad nidurst6dum pessarar rannsoknar sé ekki hampad .
naegilega i greinargerd Lydheilsustédvar sem er fylgiskjal med frumvarpinu. |
lj6si hinnar miklu umraedu pykir rétt ad leidrétta pennan misskilning og jafn
framt birta fréttatilkynningu fra Alpjé8aheilbrigdismalastofnuninni um
rannséknina fra arinu 1998, en tilkkynningin var andsvar stofnunarinnar vid
sambaerilegum mistulkunum og peim sem hafa verid ad birtast hér a landi.

Hid rétta i malinu er ad umraedd rannsokn synir fram a veik tengsl ébeinna
reykinga og lungnakrabbameins en po ekki télfraedilega marktaek (til pess er
artakid ekki nogu stért). Astaeda pess ad ekki er minnst & pessa rannsékn i
greinargerdinni er ad um 50 faraldsfraedilegar rannsoknir hafa verid gerdar &4
pessu svidi a sidustu 25 arum og visad er i samantekt ur 6llum pessum
rannsdknum i greinargerdinni. bPar 4 medal er umraedd rannsékn.

bPessi umraedda rannsékn er pvi adeins ein af fidimérgum rannséknum a
sambandi ébeinna reykinga og lungnakrabbameins. Auk faraldsfraedilegra
rannsékna hafa verid gerdar rannsoéknir & dyrum, meelingar & eiturefnum og
liffreedilegar rannsoknir. Pegar nidurstédur allra pessara rannsékna eru teknar
saman, par med talin umraedd rannsékn a vegum
Alpj6daheilbrigdismalastofnunarinnar, kemur skyrt i ljés ad 6beinar reykingar
(,,exposure to second hand smoke”) eru krabbameinsvaldandi
(,,carcinogenic’). bessari einu rannsokn Alpjédaheilbrigdismalastofnunarinnar
hefur sidur en svo verid stungid undir stdl, heldur hafa nidurstédur hennar
verid teknar med i télfraedutreikninga og frekar styrkt samband 6beinna
reykinga og lungnakrabbameins, par sem nidurstédurnar hnigu i sému att og
fiélda annarra rannsékna, an pess p6 ad vera télfreedilega marktaekar.

Tengillinn hér fyrir nedan visar 8 Monograph 83 (Monographs on the
Evaluation of Carcinogenic Risks to Humans) par sem
Krabbameinsrannsoknastofnun WHO (IARC) dregur saman nidurstddur
rannsokna um ébeinar reykingar og tengsl peirra vid krabbamein: http://www-
cie.larc.fr/htdocs/indexes/vol83index. htmi
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OBEINAR TOBAKSREYKINGAR VALDA
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Alpjédaheilbrigdismalastofnunin (WHO) hefur opinberlega verid sékud um ad
leyna upplysingum. Andstaedingar stofnunarinnar halda pvi fram ad hun hafi
stungid undir stdl skyrslu sem aetlad var ad sanna visindalega ad tengsl veaeru
a milli 6beinna reykinga eda tébaksreyks i umhverfi (ETS) og ymissa
sjukdéma, einkum b6 lungnakrabbameins. Er pvi haldid fram ad ekki hafi
tekist ad sanna pad. Badar fullyrdingarnar eru rangar.

Umraedd rannsokn er tilfella-vidmidud rannsékn (,,case control study”) a
ahrifum ébeinna reykinga a likur a lungnakrabbameini hja evropskum pydum,
sem 12 rannséknamidstodvar i sjé Evropuldndum hafa unnid ad undanfarin
sj6 ar, undir yfirumsjén Krabbameinsrannséknastofnunar WHO (IARC).

| fréttaflutningi undanfarid hafa nidurstédur rannséknarinnar verid algjériega
rangtilkadar en peim ber ad mestu saman vid nidurstédur ur sambeerilegum
rannséknum baedi i Evrépu og vidar: Obeinar reykingar valda
lungnakrabbameini hja folki sem ekki reykir.

i rannsékninni kom fram ad setla megi ad likur aukist um 16% a
lungnakrabbameini hja reyklausum ef makar peirra reykja. Atla ma ad
aukningin sé um 17% hja peim sem bua vid ébeinar reykingar a vinnustad.
Urtakid var hins vegar pad litid ad hvorug nidurstadan var télfreedilega
markteek. Rannsdknin bendir po til pess ad pad dragi ur ahasttunni pegar
Obeinar reykingar eru ekki lengur til stadar.

Skyrsla um rannséknina sjalfa var i februar 1998 send til vidurkennds
visindatimarits med pad fyrir augum ad fagfélk yfirfeeri hana og gagnryndi,
eins og venja er. Vegna pessa er skyrslan i heild sinni ekki enn opinberlega
adgengileg (i mars 1998). i lidsi ofangreindra adsteedna hafa héfundar
skyrslunnar pd tekid pa akvordun ad utbua utdratt ur skyrslunni setladan
fiélmidlum.

«Afar mikilveegt er ad gera sér grein fyrir ad nidurstédur rannséknar pessarar
eru i fullu samreemi vid helstu visindalegar rannséknir & méalefninu sem
yfirvold i Astraliu, Umhverfisverndarstofnun Bandarikjanna og Kaliforniuriki
gafu ut arid 1997,» sagdi Neil Collishaw, settur yfirmadur tébaks- og
heilbrigdisdeildar WHO i Genf. «Breska lagknatimaritid British Medical Journal
birti einnig umfangsmikla eftirgreiningu & tengslum ébeinna reykinga og
lungnakrabbameins arid 1997. Baedi pessi rannsékn og fyrri greiningar a
visindalegum gégnum hafa leitt til 6tviraeds samhljéda alits um heim allan:
obeinar reykingar valda lungnakrabbameini og 68rum sjukdémum,» baetti
hann vid.

«Krabbameinsrannsoknastofnun WHO er stolt af peim visindalegu
rannsoknum sem pessir evrépsku visindamenn hafa stadid ad,» sagdi dr.
Paul Kleihues, forstjori stofnunarinnar. «Vid héfum miklar ahyggjur af réngum
og villandi yfirlysingum sem nylega hafa komid fram i fjiolmidlum. bad er engin
tilvilijun ad pessar réngu upplysingar komu fyrst fram i breskum bl6dum rétt
fyrir reyklausa daginn i Bretlandi og um pad leyti sem aformad var ad gefa ut
skyrslu bresku visindanefndarinnar um tébak og ahrif pess a heilbrigdi.»



Allar fréttatilkkynningar WHO, upplysingabl6é og greinar er haegt ad kynna sér,
asamt 68rum goégnum um bpetta malefni, & vefsetri WHO, http://www.who.ch

Fréttatitkynningin & ensku er hér: hitp://www.who.int/inf-pr-1998/en/pr98-29.htm!

Visindagreinina, sem birt var Gr umraddri rannsékn, ma lesa hér:

tittp:/incicancerspectrum.oxfordiournals.org/cqgi/reprint/inci;90/19/1440.pdf



http://www.who.ch
http://www.who.int/inf-pr-1998/en/pr98-29.html
http://incicancerspectrum.Qxfordiournals.ora/cai/reprint/inci:90/19/1440.pdf
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INVOLUNTARY SMOKING
(Group 1)

For definition of groups, see Preamble.
VOL.: 83 (2002)

5. Summary of Data Reported and Evaluation
51 Exposure data

Involuntary (or passive) smoking is exposure to secondhand tobacco smoke, which is a
mixture of exhaled mainstream smoke and sidestream smoke released from the smouldering cigarette
or other smoking device (cigar, pipe, bidi, etc.) and diluted with ambient air. Involuntary smoking
involves inhaling carcinogens, as well as other toxic components, that are present in secondhand
tobacco smoke. Secondhand tobacco smoke is sometimes referred to as ‘environmental’ tobacco
smoke. Carcinogens that occur in secondhand tobacco smoke include benzene, 1,3-butadiene, benzo
[a]pyrene, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone and many others.

Secondhand tobacco smoke consists of a gas phase and a particulate phase; it changes during its
dilution and distribution in the environment and upon ageing. The concentrations of respirable
particles may be elevated substantially in enclosed spaces containing secondhand tobacco smoke.
The composition of tobacco smoke inhaled involuntarily is variable quantitatively and depends on
the smoking patterns of the smokers who are producing the smoke as well as the composition and
design of the cigarettes or other smoking devices. The secondhand tobacco smoke produced by
smoking cigarettes has been most intensively studied.

Secondhand tobacco smoke contains nicotine as well as carcinogens and toxins. Nicotine
concentrations in the air in homes of smokers and in workplaces where smoking is permitted

typically range on average from 2 to 10 micrograms/m3 .
5.2 Human carcinogenicity data
Lung cancer

Involuntary smoking involves exposure to the same numerous carcinogens and toxic substances that
are present in tobacco smoke produced by active smoking, which is the principal cause of lung
cancer. As noted in the previous JARC Monograph on tobacco smoking, this implies that there will
be some risk of lung cancer from exposure to secondhand tobacco smoke.

More than 50 studies of involuntary smoking and lung cancer risk in never-smokers, especially
spouses of smokers, have been published during the last 25 years. These studies have been carried
out in many countries. Most showed an increased risk, especially for persons with higher exposures.
To evaluate the information collectively, in particular from those studies with a limited number of
cases, meta-analyses have been conducted in which the relative risk estimates from the individual
studies are pooled together. These meta-analyses show that there is a statistically significant and
consistent association between lung cancer risk in spouses of smokers and exposure to secondhand
tobacco smoke from the spouse who smokes. The excess risk is of the order of 20% for women and
30% for men and remains after controlling for some potential sources of bias and confounding. The
excess risk increases with increasing exposure. Furthermore, other published meta-analyses of lung
cancer in never-smokers exposed to secondhand tobacco smoke at the workplace have found a
statistically significant increase in risk of 12—-19%. This evidence is sufficient to conclude that
involuntary smoking is a cause of lung cancer in never-smokers. The magnitudes of the observed
risks are reasonably consistent with predictions based on studies of active smoking in many

http://www-cie.iarc.fr/htdocs/monographs/vol83/02-involuntary.html 2.2.2006
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populations.
Breast cancer

The collective evidence on breast cancer risk associated with involuntary exposure of never-smokers
to tobacco smoke is inconsistent. Although four of the 10 case—control studies found statistically
significant increases in risks, prospective cohort studies as a whole and, particularly, the two large
cohort studies in the USA of nurses and of volunteers in the Cancer Prevention Study II provided no
support for a causal relation between involuntary exposure to tobacco smoke and breast cancer in
never-smokers. The lack of a positive dose—response also argues against a causal interpretation of
these fmdings. Finally, the lack of an association of breast cancer with active smoking weighs
heavily against the possibility that involuntary smoking increases the risk for breast cancer, as no
data are available to establish that different mechanisms of carcinogenic action operate at the
different dose levels of active and of involuntary smoking.

Childhood cancer

Overall, the fmdings from studies of childhood cancer and exposure to parental smoking are
inconsistent and are likely to be affected by bias. There is a suggestion of a modest association
between exposure to maternal tobacco smoke during pregnancy and childhood cancer for all cancer
sites combined; however, this is in contrast with the null findings for individual sites. Studies on
paternal tobacco smoking suggest a small increased risk for lymphomas, but bias and confounding
cannot be ruled out.

Other cancer sites

Data are conflicting and sparse for associations between involuntary smoking and cancers of the
nasopharynx, nasal cavity, paranasal sinuses, cervix, gastrointestinal tract and cancers at all sites
combined. It is unlikely that any effects are produced in passive smokers that are not produced to a
greater extent in active smokers or that types of effects that are not seen in active smokers will be
seen in passive smokers.

53 Animal carcinogenicity data

Secondhand tobacco smoke for carcinogenicity studies in animals is produced by
machines that simulate human active smoking patterns and combine mainstream and sidestream
smoke in various proportions. Such mixtures have been tested for carcinogenicity by inhalation
studies in rodents. The experimental model systems for exposure to secondhand tobacco smoke do
not fully simulate human exposures, and the tumours that develop in animals are not completely
representative of human cancer. Nevertheless, the animal data provide valuable insights regarding
the carcinogenic potential of secondhand tobacco smoke.

A mixture of 89% sidestream smoke and 11% mainstream smoke has been tested for
carcinogenic activity in mouse strains that are highly susceptible to lung tumours (strains A/J and
Swiss). In strain A/J mice, this mixture consistently produces a significant, modest increase in lung
tumour incidence and lung tumour multiplicity when the mice are exposed for 5 months followed by
a 4-month recovery period. These lung tumours are predominantly adenomas. Continuous exposure
of strain A/J mice to the above mixture of mainstream and sidestream tobacco smoke for 9 months
with no recovery period did not increase the incidence of lung tumours. In Swiss strain mice, the
same mixture induced lung tumours by both protocols, i.e. when the animals were exposed for 5
months followed by a 4-month recovery period and when they were exposed continuously for 9
months with no recovery period. In addition, exposure of Swiss mice to the tobacco smoke mixture
for a shorter period was sufficient to induce lung tumours.

http://www-cie.iarc.fr/htdocs/monographs/vol83/02-involuntary.html 2.2.2006
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Condensates of sidestream and of mainstream cigarette smoke have been tested for
carcinogenicity. Both kinds of condensates produced a spectrum of benign and malignant skin
tumours in mice following topical application, and the sidestream condensate exhibited higher
carcinogenic activity. Sidestream smoke condensate was shown to produce a dose-dependent
increase in lung tumours in rats following implantation into the lungs.

Increased relative risks for lung and sinonasal cancer have been reported in companion
animals (dogs) exposed to secondhand tobacco smoke in homes.

5.4 Other relevant data

Involuntary smoking has been associated with a number of non-neoplastic diseases and adverse
effects in never-smokers, including both children and adults. Epidemiological studies have
demonstrated that exposure to secondhand tobacco smoke is causally associated with coronary heart
disease. From the available meta-analyses, it has been estimated that involuntary smoking increases
the risk of an acute coronary heart disease event by 25-35%. Adverse effects of involuntary smoking
on the respiratory system have also been detected. In adults, the strongest evidence for a causal
relation exists for chronic respiratory symptoms. Some effects on lung function have been detected,
but their medical relevance is uncertain.

Data on the hormonal and metabolic effects of involuntary smoking are sparse. However,
female involuntary smokers do not appear to weigh less than women who are not exposed to
secondhand tobacco smoke, a pattern that contrasts with the findings for active smoking. No
consistent association of maternal exposure to secondhand smoke with fertility or fecundity has been
identified. There is no clear association of passive smoking with age at menopause.

Maternal cigarette smoking has repeatedly been associated with adverse effects on fetal
growth; full-term infants born to women who smoke weigh about 200 g less than those born to
nonsmokers. A smaller adverse effect has been attributed to maternal passive smoking.

Cotinine, and its parent compound nicotine, are highly specific for exposure to
secondhand smoke. Because of its favourable biological half-life and the sensitivity of techniques for
quantifying it, cotinine is currently the most suitable biomarker for assessing recent exposure to
secondhand tobacco smoke uptake and metabolism in adults, children and newborns.

Several studies in humans have shown that concentrations of adducts of carcinogens to
biological macromolecules, including haemoglobin adducts of aromatic amines and albumin adducts
of polycyclic aromatic hydrocarbons, are higher in adult involuntary smokers and in the children of
smoking mothers than in individuals not exposed to secondhand tobacco smoke. Protein adduct
concentrations in fetal cord blood correlate with those in maternal blood but are lower. Fewer studies
have investigated DNA adduct levels in white blood cells of exposed and unexposed nonsmokers,
and most studies have not shown clear differences.

In studies of urinary biomarkers, metabolites of the tobacco-specific carcinogen, 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone, have been found to be consistently elevated in
involuntary smokers. Levels of these metabolites are 1-5% as great as those found in smokers. The
data demonstrating uptake of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone, a lung carcinogen in
rodents, by nonsmokers are supportive of a causal link between exposure to secondhand tobacco
smoke and development of lung cancer.

The exposure of experimental animals, primarily rodents, to secondhand tobacco smoke has several
biological effects that include (i) increases or decreases in the activity of phase I enzymes involved
in carcinogen metabolism; (ii) increased expression of nitric oxide synthase, xanthine oxidase and
various protein kinases; (iii) the formation of smoke-related DNA adducts in several tissues; and (iv)

http://www-cie.iarc.fr/htdocs/monographs/vol83/02-involuntary.html 2.2.2006
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the presence of urinary biomarkers of exposure to tobacco smoke.

In adult experimental animals, sidestream tobacco smoke has been found to produce changes that are
similar to those observed with exposure of humans to secondhand tobacco smoke. These include
inflammatory changes in the airways and accelerated formation of arteriosclerotic plaques. Although
the changes are often comparatively minor and require exposure to rather elevated concentrations of
sidestream smoke, they support the results of human epidemiological studies. During pre- and
postnatal exposure, sidestream smoke produces intrauterine growth retardation, changes the pattern
of metabolic enzymes in the developing lung, and gives rise to hyperplasia of the pulmonary
neuroendocrine cell population. In addition, it adversely affects pulmonary compliance and airway
responsiveness to pharmacological challenges.

In humans, involuntary smoking is associated with increased concentrations of mutagens
in urine. Some studies have shown a correlation of urinary mutagenicity with concentrations of
urinary cotinine. Increased levels of sister chromatid exchanges have not been observed in
involuntary smokers; however, there is some indication of elevated levels in exposed children. Lung
tumours from nonsmokers exposed to tobacco smoke contain 7P53 and KRAS mutations that are
similar to those found in tumours from smokers. The genotoxicity of sidestream smoke,
‘environmental’ tobacco smoke, sidestream smoke condensate or a mixture of sidestream and
mainstream smoke condensates has been demonstrated in experimental systems in vitro and in vivo.

5.5 Evaluation

There is sufficient evidence that involuntary smoking (exposure to secondhand or
'environmental' tobacco smoke) causes lung cancer in humans.

There is limited evidence in experimental animals for the carcinogenicity of mixtures of
mainstream and sidestream tobacco smoke.

There is sufficient evidence in experimental animals for the carcinogenicity of sidestream
smoke condensates.

In addition, the Working Group noted that there are published reports on possible
carcinogenic effects of secondhand tobacco smoke in household pet dogs.

Overall evaluation

Involuntary smoking (exposure to secondhand or 'environmental' tobacco smoke) is
carcinogenic to humans (Group 1).

For definition of the italicized terms, see Preamble.
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Multicenter Case—~Control Study of Exposure to
Environmental Tobacco Smoke and Lung Cancer

in Europe

Paolo Boffetta, Antonio Agudo, Wolfgang Ahrens, Ellen Benhamou,

Simone Benhamou, Sarah C. Darby, Gilles Ferro, Cristina Fortes,

Carlos A. Gonzalez, Karl-Heinz Jéckel, Martin Krauss, Lothar Kreienbrock,
Michaela Kreuzer, Anabela Mendes, Franco Merletti, Fredrik Nyberg,
Géran Pershagen, Hermann Pohlabeln, Elio Riboli, Giovanni Schmid,
Lorenzo Simonato, Jean Trédaniel, Elise Whitley, Heinz-Erich Wichmann,

Carlos Winck, Paola Zambon, Rodolfo Saracci

(g d: An iatlon between exposure to environ-
mental tobacco smoke (ETS) and lung cancer risk has been
suggested. To evaluate this possible association better, re-
searchers need more precise estimates of risk, the relative
contribution of different sources of ETS, and the effect of
ETS exposure on different histologic types of lung cancer. To
address these issues, we have conducted a case—control study
of lung cancer and exposure to ETS in 12 centers from seven
European countries. Methods: A total of 650 patients with
lung cancer and 1542 control subjects up to 74 years of age
were interviewed about exposure to ETS. Neither case sub-
jects nor control subjects had smoked more than 400 ciga-
rettes in their lifetime. Results: ETS exposure during child-
hood was not associated with an increased risk of lung
cancer (odds ratio [OR] for ever exposure = 0.7§; 95% con-
fidence interval [CI] = 0.64-0.96). The OR for ever exposure
to spousal ETS was 1.16 (95% CI = 0.93-1.44). No clear
dose-response relationship could be demonstrated for cumu-
lative spousal ETS exposure. The OR for ever exposure to
workplace ETS was 1.17 (95% CI = 0.94-1.45), with possible
evidence of increasing risk for increasing duration of expo-
sure. No increase in risk was detected in subjects whose
exposure to spousal or workplace ETS ended more than 15
years earlier. Ever exposure to ETS from other sources was
not associated with lung cancer risk. Risks from combined
exposure to spousal and workplace ETS were higher for
squamous cell carcinoma and small-cell carcinoma than for
adenocarcinoma, but the differences were not statistically

tal tobacco smoke (ETS) and lung cancer. Several authors and
ies have luded that a causal link has been
estabhshcd [e g., see (1-3)], whereas some authors consider that
bias and confounding factors constitute a plausibl 1
for the observed association [e.g., see (4)]. The nvmlablc studies
are—in most cases—too small to adequately assess the magni-
tude of the effect and to address specific aspects, such as the
shape of the dose-response relationship, the effect of cessation
of exposure, the importance of multiple sources of ETS expo-
sure, and the interaction of ETS exposure with other risk factors
of lung cancer. Furthermore, relatively few studies of such ex-
posure are available from Europe (5-10). Characteristic of to-
bacco smoking in European countries are the mixed consump-
tion of blond and black tobacco cigarettes (/1) and the low
prevalence—at least in the past—of smoking among women
compared with men (12).

Affiliations of authors: P. Boffetta, G. Fervo, E. Riboli, Intemational Ageacy
for Research on Cancer, Lyon, France; A. Agudo, C. A. Gonzalez, Institute for
Epidemiological and Clinicat Research, Matard, Spain; W. Ahrens, Institute for
Medical Informstics, Bmmetry lnd Epidemiology, Essen, Germany, and Bremen
Institute for P G s E. Gustave Roussy
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for Epid logy, Munich, G L. Kreienbrock, M. Kreuzer, H.-E. Wich-
mlnn, GSF Institute for Epidemiology, Munich; A. Mendes, Regional Health
Administration, Lisbon, Portugal; F. Merletti, Unit of Cancer Epidemiology,
Umvemty of Turin, Italy; F. Nyberg, G. thn;m, Institute of Environmental
M i Institute, Stockholl den; H. Poh Bremen In-

significant. Conclusions: Our results indicate no fati
between childhood exposure to ETS and lung cancer risk.
We did find weak evidence of a dose-response relationship
between risk of lung cancer and exposure to spousal and
workplace ETS. There was no detectable risk after i

stitute for hvemwn Research; G. Schmid, erhmm Hospitat, Rome, Ialy; L.

Simonato, P. Zambon, Venetian Cancer Registry, Padua, Italy; J. Trédaniel, St.
Louis Hospital, Paris, France; C. Winck, Hospital Viana do Castelo, Viana do
Castelo, Portugsl; R. Saracci, International Agency for Research on Cancer,

of exposure. [J Natl Cancer Inst 1998;90:1440-50]

During the last 15 years, epidemiologic studies have been
conducted on the association between exposure to environmen-
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Since 1988, the International Agency for Research on Cancer
(IARC) has coordinated an international, multicenter, case-
control study of lung cancer in nonsmokers. The main objective
of this study was to provide an estimate of the risk of lung cancer
from exposure to ETS in western European populations that
would be more precise than estimates available at that time.
Secondary objectives of the study were to address more detailed
aspects of the association between ETS and lung cancer and to
study the role of factors other than ETS in lung carcinogenesis
in nonsmokers. The study was designed originally to have a
statistical power of 80% to detect a relative risk of 1.3 (at 2 5%
level of statistical significance) for an exposure with a preva-
lence of 40% and a control-to-case subject ratio of 2 (required
number of case subjects, 572). Herein, we report the principal
findings of this study. Results of a study from Sweden that
partially overlaps with ours have been published recently (13).
Detailed results of our multicenter study, stratified by sex, age,
center, and histologic type, are available from IARC'.

SUBJECTS AND METHODS

Twelve centers from seven E i icipated in a multi

of smoker [mother = 1, father = 0.75, and other adults = 0.25; these weights
were based on studies of urinary cotinine concentrations in children (16)]. Quan-
titative variables of exposure to ETS from the spousc within marriage as wel! as
from other cohabitants, such as partners and included the foll '3

1) the total number of years of exposure, denoted as duration (in years); 2) the
product of the aumber of years and the number of hours per day of exposure,
denoted as duration (in hours/day x years); 3) the average number of cigarettes
smoked per day by the spouse in the presence of the index subject; and 4) the
cumulative exposure, expressed as pack-years and derived from the product of
variables | and 3 listed above. Spousal cigar and pipe smoke represented a smail
fraction of total spousal ETS; the variables described sbove included exposure to

all types of tobacco prod d as ci ival after applying a
weightof 2 to cn;lnllos and 3 to cigars nnd plpes (17). In preliminary analyses,
the use of varisbl to smoke yielded resulis very

similar to those based on the use ol‘ vmlblu combining all types of tobacco
products. The analysis on spousal ETS exposure was repeated 1) after restriction
to subjects ever married and 2) after taking into account also ETS of cohabitants
other than the spouse. Quantitative variables for workplace ETS exposure were
a5 follows: 1) the total number of years of exposure and 2) the total number of
years of exposure weighted for the number of hours of exposure per day and for
a subjective index of smoki of the workpl We also derived indicators of
duration of exposure and time since cessation of exposure to cither spousa! or
workplace ETS.

For each source of ETS exposure, case and control subjects who were never
exposed to ETS from that source comprised the reference category. For each

case—control study of lung cancer in never smokers—Germany | (Bremen and
Frankfurt metropolitan areas), Germany 2 (parts of North Rhine-Westphalia,
Eifel, and Saarland), Germany 3 (Thuringia and Saxeny), Sweden (Stockholm
county), U.K. (Devon and Comwall}, Spain (Barcelons metropolitan asea), Italy
| (Turin), Italy 2 (five areas in the Veneto region), Italy 3 (patients from onc
hospital in Rome), France (patients from 12 hospitals, of which nine are in
Paris), Portugal { (patients from three hospitals in Lisbon), and Portugal 2 (ps-
tients from one hospital in Vils Nova de Gaia [Porto]).

Details of the study design varied asmong the centers. The period of enrollment
of case and control subjects was from 1988 to 1994. The most important dif-
ference in the study design among the centers was the selection of control
subjects. Control subjects were hospital based in the centers from France, Por-
tugal, Spain, and one of the Italian centers (Italy 3); control subjects were both
hospital and community based in the center from the U.K.; and control subjects
were community based in the other centers. Community-based control subjects
were selected from population registers. The diagnoses of hospital-based control
subjects varied smong the centers, but patients with smoking-related diseases
were excluded from the control series in all centers. There were minor differ-
ences among centers in terms of age restriction and diagnostic criteria for case
eligibility, Some centers had no age restriction, whereas other centers excluded
subjects aged 75 years or older. This combined analysis is restricted to case and
control subjects up to sge 74 years. Smokers were studied in all but the Portu-
guese centers. In selected centers, case subjects without & histologic or s cyto-
logic disgnosis were also included.

Case and contro] subjects were interviewed by use of a common questionnaire
designed to gather details on ETS exposure during childhood and during adult-

of ETS exp exposed subjects were divided into three
categories, defined by the 75th and 90th percentiles of the distribution among
contro] subjects. The choice of the cut point at the 75th percentile was based on
the results of 8 urinary cotinine study conducted in Germany and Poland, which
showed a smaller degree of misclassification in the highest quartile compared
with the three lowest iles of the distribution (18). We p d two-tailed
tests for linear trends by testing the significance of the regression parameter of
a trend variable that aiso included the reference category. The trend variable
assumed the values corresponding to the median of each exposure category
among control subjects,

Logistic regression modeling was the main method chosen for the statistical
analysis. In some centers control subjects were individually matched to case
subjects on sex and age, whereas in other centers frequency matching was the
strategy of choice. Individual matching of case and control subjects requires the
fitting of conditional regression models, whereas lack of individual matching
permits the use of unconditional modeling (79). The results obtained by use of
unconditional logistic regression for all centers and a combination of conditional
logistic regression for centers with individual hing and 1 logis-
tic regression for the other centers (20) were compared. The basic regression
mode] comprised—in addition to the exposure variables of interest-—terms for
sex, 10-year age groups, center, and the interaction between sex and center. The
inclusion of the interaction terms resulted in an lmpmvemen! of the goodness of
fit of most of the models. Additional tered into the regres-
sion models as potential confound 1 lovel (as a vatisble with
three categories bued on center-speclﬂc cut points), proportion of life spent in
urban aress, p to lung and intake of veg-
etables, B-carotene, total carotenoids, and retinol.

hood at home, st the workplace, in vehicles, and in public places. The g The statistical si of the difference among the center-specific results
naire had been developed on the basis of the results of 2 s!udy on urinary cohnme was evaluated by 2 of the de of the basic model and
levels and ETS (14). The #lso included sections  yhyt of an expanded model containing the interaction term between exposure and
on d iabl identia) history (including a history of the subject’s  center. Additional analyses were performed after case and control subjects were

cooking and hesting ammangements), and expasure to known and suspected oc-
cupational lung carcinogens (/35). In addition, the centers from Germmy, Swe-
den, Spain, the UK., France, and one center from Italy collected on

divided according to l) sex, 2) Imtnlo;lc type of cancer (squamous cell carci-
noma, small-cell and other, mixed and undefined

dietary habits—from which were derived indicators of intake of vegetables,
fruits, B-ummme toul carotenoids, and retinol,
A ire was used to d the history of smoking by
case and control subjects, and emphasis was placed on quantifying occasional
smoking. Only those subjects who reported that they had not smoked more than
400 cigarettes during their life were eligible for this study, In three of the centers,
a parallel study was carried out to validate the never-smoking status of the index
subject. This validation was done by interviewing indopendently s next of kin on
Im or hef :mokmg habits and those ol‘ the index subject.
isbles used for childhood ETS p up to age
18 yem) included the number of smokers in the household and the cumulative
exposure—expressed as the number of years of exposure weighted for the type

Journal of the National Cancer Institute, Vol. 90, No. 19, October 7, 1998

histologic types), 3) whether subjects spent more than 75% of their life in urban
or in rural areas, and 4) source of control subjects (centers with hospital-based
and with based control subj

RESULTS

The database for the analysis contained 650 patients with
lung cancer, of whom 627 (96.5%) had microscopically con-
firmed disease, and 1542 control subjects. The response rate for
the centers ranged from 55% to more than 95%, with the ex-
ception of three centers (Germany 2, Germany 3, and Portugal 2)
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in which the response rate among control subjects was lower
than 50%. Two of the German centers and the centers in Swe-
den, France, and Spain contributed the largest numbers of case
subjects (Table 1). Of the case subjects and the 1 subj

21.7% and 34.4%, respectively, were men. The d:stnbunon of
age was very similar among case and control subjects: The mean
age was 58 years in male case subjects and 59 years in male
control subjects; the corresponding value for both female case
and control subjects was 62 ycars Ad was the

according to cumulative exposure, expressed either as smoker-
years or weighted smoker-years (Table 2). The risk of lung
cancer from exposure to ETS during childhood was similar in
men and women. No pattern emerged according to age at diag-
nosis or histologic type of lung cancer.

Results similar to those based on the whole study population,
although more unstable because of small numbers in the various
categories, were obtained after exclusion of men (Table 2) or

most common hlstologlc type (51.2% of case subjects), whereas
q cell d for 16.8% and small-cell
carcinoma for 10.8% of case subjects.

In a comparison between the unconditional and the mixed
conditional/unconditional approaches for multivariate logistic
regression, the results were very similar for most of the variables
analyzed (Fig. 1). In the following sections, only results based
on unconditional regression modeling are reported.

Childhood Exposure to ETS

A total of 389 case subjects and 1021 control subjects re-
ported ever having been exposed to ETS during childhood, for
an overall odds ratio (OR) of 0.78 (95% CI = 0.64-0.96) (Table
2). In all but three centers, the OR was below 1.0 (Fig. 2, A). The
P value of the test for heterogeneity among centers was .49,
Subjects’ fathers were more likely to be smokers than subjects’
mothers. The risk estimate was similar for exposure to ETS from
the father and the mother; the estimated OR for exposure to ETS
from the father was 0.76 (95% CI = 0.61-0.94), whereas that
for exposure to ETS from the mother was 0.92 (95% CI =
0.57--1.49). There was no trend in risk according to number of
smokers in the household, and there was a decreasing trend

Table 1. Selected characteristics of casc and control subjects

Case subjects Control subjects
(n = 650) (n = 1542)
No. % No. %
Study center
Sweden 70 108 12 73
Germany { 76 1t.7 229 14.9
Germany 2 142 218 163 10.6
Germany 3 3l 48 52 34
UK. 26 40 140 9.1
France ” 118 151 98
Portugal 1 49 15 39 25
Portugal 2 33 5.1 53 34
Spain 7n 10.9 159 103
Italy | 40 62 221 143
Italy 2 19 29 173 12
Italy 3 16 25 50 32
Sex
Female 509 783 101t 65.6
Male 141 217 531 344
Age, ¥
<55 165 254 361 234
§5-64 200 323 552 358
65-74 275 423 629 40.8
Histologic type
Squamous cell carcinoma 109 16.8 — —
Adenocarcinoma 333 512 —_ -
Smallcell carcinoma 70 10.8 - -
Other histologic type 115 17.7 - —
Unknown px] 35 — —
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bjects who reported exposure to ETS during adulthood. When
exposure to ETS in childhood was subdivided into two peri-
ods—from birth (age 0 years) to 10 years and from age 11 years
to 18 years—to take into account the different status of the
growth of the lung, the results for cither period were similar to

those for childhood overall.
Exposure to ETS From the Spouse

The ORs for subjects who were ever married to a smoker
were 1.27 (95% CI = 1.00-1.62) in the overall population, 1.20
(95% CI = 0.92-1.55) among women, and 1.65 (95% CI =
0.85~3.18) among men. A related variable, self-reported expo-
sure to spousal smoke, was used as the main indicator for this
source of ETS; 344 case subjects and 700 control subjects re-
ported ever having had such exposure, yielding an OR of 1.16
(95% CI = 0.93-1.44) (Table 3). The 12 centers in the study
showed some heterogeneity in the risk estimate for this variable,
with an OR higher than 1.5 in four centers and an OR lower than
0.7 in one center. The tests of heterogeneity performed on cen-
ter-specific results, however, did not suggest significant differ-
ences (P = .42). The exclusion of case and control subjects who
were never married reduced the study population by about 24%,
but it did not materially affect the results (OR for ever exposure
to spousal smoke = 1.18; 95% CI = 0.92-1.51). Most of the
exposure came from cigarettes; 12 case subjects and 27 control
subjects were exposed to ETS from cigar and pipe only.

There was an increasing risk of lung cancer with increasing
duration (in hours/day x years) of exposure (Table 3), whereas
only weak evidence of a trend emerged for cumulative exposure;
no trend was present for duration of exposure (in years) and for
average exposure (cigarettes/day). When we repeated the test for
trend without the reference category, the P values were .004 for
duration (in hours/day x years) of exposure and .07 for cumu-
lative exposure. These results were similar, although less pre-
cise, when the analysis was restricted to women (Table 3).

The analysis by type of tobacco product smoked by the
spouse was hampered by the small number of case and control
subjects who reported exposure to smoke from cigar and pipe
only. The OR in this group was 0.84 (95% CI = 0.41-1.73),
whereas the ORs for ever exposure to ETS from cigarettes were
similar to those for cver exposure to ETS from any type of
tobacco product.

Other potential risk factors of lung cancer exerted only a
minor confounding effect on the
to spousal smoke and lung cancer. As an example, the OR for
ever exposure to spousal ETS (1.16 [95% CI = 0.93-1.44],
Table 3) was modified to 1.18 (95% CI = 0.94-1.46) after
further adjustment for exposure to suspected or known occupa-
tional lung carcinogens, to 1.15 (95% CI = 0.91-1.45) afer
adjustment for urban, rural, or mixed urban and rural residence

iation b

Joumal of the National Cancer Institute, Vol. 90, No. 19, October 7, 1998



- 2 -~ vie Taare :”‘ ............ l." ............
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Fig. 1. Results of comparisons of exposure to en-
vironmental tobacco smoke for childhood, spouse, m @
workplace, and spouse or workplace, by use of two
different approaches: (1) unconditional logistic re- b I R CLD St ool i 1 l
gression adjusted for age and for interaction be- 2 { 1.7 110
tween sex and center and (2) combination of un- 3 fosetren  toa13n
wndmonll lupmc regression in centers without om
and conditiona] logistic re- % ‘“‘“” (0.06-0.99)
gression stratified on the matched sets in centers
with individual matching. 0
Childhood Spouse Workplace Spouse ar Workplace
Exposure to environmental tobacco smoke
Table 2, Odds ratios of lung cancer from exposure to environmental tobacco smoke during childhood
All subjects* Women*
Case Control P for Case Control P for
subjects  subjects OR 95% CI trendt  subjects  subjects OR 95% CI trendt
Ever exposed
No 252 496 1.00 Referent 187 295 1.00 Referent
Yes 389 1021 078 0.64-0.96 314 700 077 0.61-098
Missing values 9 25 8 16
No. of smokers in household
None 252 496 1.00 Referent 187 295 1.00 Referent
1 305 750 080 0.64-0.99 243 528 0.76  0.59-0.98
2 52 191 063  0.44-0.90 43 1z 069 0.46-1.04
=3 32 80 105 0.65-1.70 24 28 55 LI3  0.67-1.91 54
Missing values 9 25 8 16
G ive exp (weighted smoker-years})
0 252 496 L.00 Referent 187 295 1.00 Referent
0.1-140 248 582 0.83  0.66-1.04 193 394 0.78  0.60-1.02
14.1-18.0 104 332 068 0.51-0.92 93 239 0.73  0.53-1.02
>18.1 37 107 080 0.5i-1.24 02 28 67 090 0.54-1.50 .10
Missing values 9 25 8 16
——
*OR = odds mtio adjusted for age and t Cl = fid interval.

1Two-tailed P value of test for lincar trend.
{See text for details on weights.

during the last 35 years, and to 1.14 (95% CI = 0.89-1.45) after
adjustment for consumption of vegetables above or below the
median level.

When study subjects were stratified by sex, the OR for ever
exposure to spousal smoke was 1.47 (95% CI = 0.81-2.66,
based on 23 exposed case subjects and 68 exposed control sub-
jects) among men, compared with 1.11 (95% CI = 0.88-1.39)
nmong women (Table 3). The small number of exposed men

pered more detailed itative analyses. When we strati-
fied the data by age of the subject at interview, no increase in
risk was present among subjects aged less than 55 years (OR =
0.99; 95% CI = 0.64-1.52), whereas the ORs were 1.19 (95%
CI = 0.80-1.76) among subjects aged 5564 years and 1.25
(95% Cl1 = 0.89-1.75) among subjects aged 65-74 years.

The association between lung cancer and exposure to ETS
from the spouse was nonsignificantly stronger for squnmous cell
carcinoma and small-cell i than for ad oma
(OR for squamous cell carcinoma [n = 59] = 1.21 [95% CI =

Joumal of the National Cancer Institute, Vol. 90, No. 19, October 7, 1998

0.77-1.91]; OR for small-cell carcinoma {n = 39] = 1.39 [95%
Cl = 0.79-2.45]; and OR for adenocarcinoma {n = 174] =
1.08 {95% CI = 0.82-1.42]). For all major histologic types, a
dose-response relationship was suggested with cumulative ex-
posure and duration (in hours/day x years) of exposure to spou-
sal smoke (results not shown). This pattern was visible more
clearly for squamous cell carcinoma than for adenocarcinoma.
The small number of cases of small-cell carcinoma limited the
precision of the risk estimates for this histologic type.

The questionnaire included questions on smoking habits of
cohabitants other than the spouse during the adult life of the
study subjects. A total of 44 (6.8%) case subjects and 123 (8.0%)
control subjects who were not exposed to spousal smoke re-
ported this source of exposure to ETS. The risk estimates from
exposure to ETS from any cohabitant tended to be somewhat
lower than those from exposure to spousal smoke only (OR for
ever exposed = 1.10 {95% CI = 0.88-1.36); ORs for cumula-
tive exposure = 0.96 [95% CI = 0.74-1.23] for 0.1-13.0 pack-
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sources of ETS—the spouse and the workplace—
was associated with an OR of 1.14 (95% CI =
0.88-1.47) (Table 5); there was no significant
heterogeneity among centers (P = .82) (Fig. 2,
B). A weak increase in lung cancer risk was pre-
sent for increasing duration of exposure (Table
5). The trend was stronger for duration (in hours/
day x years) of exposure and was present also
in the analysis restricted to women (Table 5).
Having had past ETS exposure from either of
these two sources, but no exposure for at least 15
years, was not iated with an i d risk
of lung cancer (Table 5). The ORs of exposure to
cither source were similar in men (OR = 1.13;
95% C1 = 0.68-1.89) and women (OR = 1.15;

<1
L
{0.88-1.47)

’14
¢

\

sj«*“ff@ /

N

95% CI = 0.86-1.55) and were higher among sub-
jects aged 65 years or more than among younger
subjects.

Duration (in years) and duration (in hours/
day x years) of exposure to ETS from either

Fig. 2. Center-specific odds nnos lnd 95% confidence intervals (bars) for environmental tobacco

:mnke A) Chil tobacco smoke. Test for heterogeneity among cen-
ters: x = {0.45; degrees of freedom (df) = [1; P = .49. B) Combined environmental tobacco
smoke from the spouse or st the Test for b among centers: x* = 6.76; df
=1, P = 82

years, 1.02 [95% CI = 0.66-1.59] for 13.1-25.0 pack-years, and
1.37 [95% CI = 0.85-2.20] for 225.1 pack-years),

Exposure to ETS at the Workplace

A total of 374 case subjects and 855 control subjects reported
ever exposure to ETS at the workplace, yielding an OR of 1.17
(95% CI = 0.94-1.45) (Table 4). The risk estimates in cight
centers were above 1.0, and the risk estimates showed no sta-
tistically significant heterogeneity (P = .23). The trend analyses
for weighted duration of exposure, but not for unweighted du-
ration of exposure, showed an increasing risk in the whole study
population as wetl as in (Table 4). Exp at the work-
place resulted in a similar risk estimate in men (OR = 1.13
[95% CI = 0.68-1.86]), based on 105 exposed case subjects and
379 exposed bjects) and in (OR = 1.19; 95%
CI = 0.94-1.51); a similar pattem was found for duration of
exposure to ETS at the workplace. No pattern was found ac-
cording to age at interview. The OR of ever exposure to ETS at
the workplace was higher for squamous cell carcinoma (OR =
1.27; 95% CI = 0.82-1.97) than for adenocarcinoma (OR =
1.06; 95% CI = 0.81-1.40) or small-ceil carcinoma (OR =
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source were d with an i d risk
of squamous cell carcinoma and small-
cell carcinoma but not of adenocarcinoma
(Table 6). For both sq 15 cell

and small-cell carcinoma, a decrease in risk with
time since cessation of exposure was present
(Table 6).

Exposure to ETS in Vehicies and Public Indoor Settings

The results for variables representing two further sources of
exposure to ETS—vehicles and other public indoor settings—
were not consistent among the centers. The range of center-
speciﬂc ORs for exposure in vehicles (based on a total of 125

d case and 310 d control subjects) ranged
from 0 to 2.85, with an overall estimate of 1.14 (95% CI =
0.88-1.48). The range of estimates for ETS exposure in public
indoor settings such as restaurants (174 exposed case subjects
and 454 exposed control subjects) was 0.24-2.32, with an over-
all estimate of 1.03 (95% C1 = 0.82-1.29). Analyses by dura-
tion of exposure did not suggest any consistent pattern for either
of these two sources of exposure to ETS.

DISCUSSION

The results of our study of the risk of lung cancer from ETS
in several European countries showed a reduced risk for expo-
sure during childhood and a measurable effect of exposure to
ETS from the spouse and at the workplace, in particular when
these two sources were combined to better represent total adult
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Table 3. Odds ratios of lung cancer from exposure to environment tobacco smoke from the spouse

All subjects* Women*
Case Control P for Case Control P for
subjects subjects OR 95% CI trendt subjects subjects OR 95% CI trendt
Ever exposed
No 305 838 1.00 Referent 187 376 100 Referent
Yes 344 700 116 0.93-1.44 321 632 (A1 0.88-1.39
Missing values 1 4 1 3
Duration of exposure (in years)
Unexposed 305 838 1.00 Referent 187 376 1.00 Referent
1-34 23 498 .05 0.83-1.33 202 439 099  0.77-127
3542 65 103 0.63  0.12-2.37 64 98 1.57 1.06-2.31
43 38 80 1.07  0.68-1.68 .10 37 76 105  0.66-1.68 19
Missing values 19 23 19 22
Duration of exposure (hours/day X years)
Unexposed 297 778 1.00 Referent 181 327 1.00 Referent
1-135 165 396 0.90 0.70-1.16 146 348 0.80 0.61-1.06
136-223 44 81 120 0.78-1.85 42 75 L2 0.72-1.74
224 41 53 1.80 1.12-2.90 .02 41 52 170 1.05-2.75 03
Missing values 103 234 99 209
Aversge exposure (cigarettes/day)
Unexposed 297 778 1.00 Referent 181 327 1.00 Referent
0.1-10.0 206 411 110 0.86-1.40 184 360 1.00 0.77-1.31
10.1-18.0 25 83 0.58  0.35-0.%0 25 79 057  0.34-093
>18.1 35 55 1.37 0.85-2.20 .88 35 52 134 0.83-2.17 97
Missing values 87 218 84 193
Cumulative exposure (pack-years)
Unexposed 297 778 1.00 Referent 181 327 1.00 Referent
0.1-13.0 188 411 100 0.78-1.28 167 358 0.91 0.70-1.19
13.1-23.0 36 83 0.89 0.57-1.39 35 78 0.83 0.52-1.30
>23.1 42 55 1.64 1.04-2.59 .09 42 55 1.54 097-2.44 A5
Missing values 87 215 84 193
*OR = odds ratio adjusted for age and t Cl= fid: interval.
$Two-tailed P value of test for linear tread.
Table 4. Odds ratios of lung cancer from exposure to environmental tobacco smoke at the workplace
All subjects* Women*
Case Control P for Case Control P for
subjects  subjects OR 95% C1 trendt  subjects  subjects OR 95% CI trendt
Ever exposed
No 276 687 1.00 Referent 240 535 1.00 Referent
Yes 34 855 1.17  0.94-145 269 476 119 0.94-1.51
Missing values ] 0 1] 0
Duration of exposure (in years)
Unexposed 276 687 100 Referent 240 535 1.00  Referent
1-29 278 634 115 091-144 211 399 .14 0.89-1.47
30-38 55 129 1.26  0.85-1.85 37 47 1.50 0.93-2.43
>39 39 9l L19  0.76-L.86 21 20 29 1.24  067-2.28 .10
Missing values 2 1 1 1
Duration of exposure (level} x hours/day x years)
Unexposed 276 687 1.00 Referent 240 535 1.00 Referent
0.1-46.1 196 525 097 0.76-125 148 316 103 0.78-1.36
46.2-88.9 47 105 1.4t 093-2.12 26 54 1.08 0.65-1.81
»89.0 48 71 207 133321 <01 30 33 1.87  1.10-3.20 .03
Missing values 83 154 65 73
*OR = odds ratio adjusted for age and te: Cl = interval,

1Two-tailed P value of test for linear trend.

{See text for details.

exposure. Statistically significant results were the reduced risk
from childhood exposure and the increasing trend in risk for
weighted duration of exposure to ETS from the spouse or at the  sure.
workplace. Vehicles and public indoor settings did not represent
an important source of ETS exposure. The analysis according to
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time since last exposure suggested no increase in risk when a
long time (i.e., =15 years) had elapsed since cessation of expo-

An important aspect of our study in relation to previous stud-
ies is its size, which allowed us to obtain risk estimates with
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Table 5. Odds ratios of lung cancer from bined t0

1 tobacco smoke from the spouse and at the workplace

All subjects* Women*
Case Control P for Case Control P for
subjects subjects OR 95% CI trendt subjects subjects OR 95% CI trend}
Ever exposed
No 122 339 1.00 Referent 88 198 1.00 Referent
Yes 527 1201 14 088-1.47 420 811 145 0.86-1.55
Missing values 1 2 1 2
Duration of exposure (in years)
Unexposed 1S 331 1.00 Referent 83 150 100 Referent
1-36 362 876 L1 0.85-1.46 282 573 1.09  0.80-1.50
3743 82 185 126  0.87-1.81 67 127 1.28 0.85-1.94
44 70 125 129  0.87-192 .13 57 97 125 0.80-1.95 .19
Missing values 21 25 20 24
Duration of exposure (hours/day x years)
Unexposed 122 339 1.00 Referent 88 198 1.00 Referent
0-165 289 749 0.91 0.69-1.20 214 483 0.87  0.63-1.21
166-253 63 151 131 0.88-1.94 46 86 115 0.72-1.82
*>254 57 101 146  0.96-2.22 0L 49 T2 149 093-2.38 .03
Missing values e 202 12 172
Time since last exposure (in years)
Unexposed 122 339 1.00 Referent 88 198 1.00 Referent
>16 121 327 092  0.67-1.26 99 235 092  0.64-1.33
3-15 175 394 120  0.89-1.62 140 274 LI8  0.84-167
0-24 211 459 118 0.88-1.59 162 282 122 0.87-1.72
Missing values 21 23 20 22
*OR = odds ratio adjusted for age and t Cl= fid interval.

+Two-tailed P value of test for linear trend.
$Including current exposure,

good statistical precision, to separate sizable groups of case and
control subjects with high exposure to ETS, and to conduct
analyses after stratification for histologic type. However, our
power calculation was based on an expected difference in risk
from ETS exposure that was greater than that which we ob-
served. Although we did not use an objective marker of past ETS

, we conducted a detailed assessment of exposure to
ETS from various sources. In addition, we controlled for most

| confounders, and we validated the smoking status of
the index subject and the spouse in a subgroup of case and
control subjects.

The lack of full consistency of the results among the centers
may limit the strength of our findings and the conclusions we
can derive from them. However, we think that the combined
dataset provides the most valid information on ETS-related
risks. We based our conclusion on the following arguments: 1)
We designed the study as a multicenter investigation and made
efforts to acquire the same information from case and control
subjects in the different centers; 2) although not fully consistent,
the differences in the center-specific results were—in most
cases—not statistically significant, and some random variability
is inherent in comparisons between subgroups; 3) results were
more consistent for variables that combined exposure to spousal
and worlcplaoe ETS, which suggested that different degrees of

1 p contributed to center differences;
and 4) we were not able to identify any obvious clustering of
studies with different results related to aspects of design (e.g.,
centers with hospital-based control subjects and centers with
community-based control subjects). The fact that the study was
conducted in countries that use different languages might have
also contributed to the heterogeneity of the results, The similar

fication in
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size of the estimated effect of ETS exposure at the workplace,
compared with ETS exposure from the spouse, is consistent with
findings of a validation study (/4) that we conducted among
some 1300 women from 13 centers (including some centers
participating in this study) that the workplace was the strongest
predictor of urinary cotinine after smoking by the spouse.

We identified some potential methodologic problems in our
study. Some aspects of the design of the study and, in particular,
the criteria for sclection of control subjects differed among cen-
ters. Although several authors consider hospital-based studies in
general more prone to selection bias than community-based
studies (21), the former studies may offer less opportunity for
recall bias and, therefore, differential misclassification of expo-
sure (21). We addressed this issue by comparing the results from
subsets of centers defined according to their criteria for selection
of control subjects, and we found only small differences. For
example, the OR for ever spousal or workplace exposure was
1.12 (95% CI = 0.75-1.66) in centers with hospital-based con-
trol subjects and 1.13 (95% CI = 0.80-1.61) in centers with
community-based control subjects.

The response rate differed among centers, but there was no
relationship between the response rate and the log ORs of ever
exposure to ETS during childhood (P values of linear regression
for response rate: P = .23 in case subjects and P = .5 in

| subjects), ever exp to spousal ETS (P = .46 for
case subjects and P = .80 for control subjects), or ever exposure
to ETS at the workplace (P = .63 for case subjects and P = .71
for control subjects).

We did not require cytologic or histologic verification of lung
cancer as a criterion for inclusion in the study; however, this
information was available for more than 96% of the cases. Re-
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Table 6. Odds ratios of lung cancer from ined to | tobacco smoke from the spouse and at the workplace, by histologic type*
Histologic type
Ad cell i Small-cell carcinoma Other types
Ever exposed
N 267 92 56 95
OR 1.01 1.57 1.19 1.20
95% CI 0.73-1.40 0.89-2.76 0.62-2.30 0.70-2.04
Duration of exposure (i years)
0.1-36.0
N 190 59 kx] 69
OR 1.02 1.46 101 127
95% CI 0.72-1.44 0.79-2.67 0.49-2.06 0.72-2.23
36.1-43.0
N 36 18 9 16
OR 0.95 2.15 1.57 1.40
95% CI 0.59-1.53 1.03-4.51 0.61-4.04 0.68-2.90
=431
N 33 13 i3 8
OR L 1.99 2,03 0.83
95% CI 0.67-1.86 0.88-4.52 0.84-4.90 0.34-2.04
P for trendt 90 03 .08 84
Duration of exposure (hours/day x years)
1-165
N 147 49 29 56
OR 0.77 1.26 0.98 1.09
95% Cl 0.54-1.10 0.68-2.32 0.48-2.02 0.62-1.94
166-253
N 31 12 7 13
OR 1.10 1.88 1.46 1.49
95% CI 0.66-1.83 0.82-4.29 0.52-4.09 0.69-3.24
»>254
N 30 11 6 8
OR 1.32 2.04 2.33 118
95% Cl1 0.77-2.25 0.85-4.89 0.77-7.10 0.48-2.93
P for trendt .09 06 .09 46
Time since last exposure (in years)
»=15.1
N 64 23 12 16
OR 0.88 138 071 0.75
95% Cl 0.53-1.32 0.70-2.74 0.31-1.65 037-1.52
2.1-150
N ki 27 23 42
OR 0.94 1.53 145 1.59
95% CI 0.63-1.39 0.79-2.97 0.69-3.06 0.88-2.86
0.1-2.0
N 13 39 19 34
OR 1.06 1.68 1.44 1.14
95% Cl 0.73-1.54 0.50-3.16 0.65-3.19 0.62-2.11
P for trendf .61 A1 14 25
*N = number of exposed case subjects; OR = odds ratio adjusted for age and t Cl = fid interval,

+Two-tailed P value of test for linesr trend.

striction of the analysis to histologically verified cases bad mi-
nor effects on the risk estimates: The OR for spousal or work-
place exposure was 1.11 (95% CI = 0.86-1.43).

Misclassification of nonsmoking status of case and control
bj (i.c., confounding by active smoking) is an important
potential source of bias in studies of lung cancer and ETS (7,22).
We have three lines of evidence to address this issue.

First, we collected information on active smoking by case
bjects and by | subjects, and, for inclusion in the study
as a nonsmoker, we set a threshold of 400 cigarettes smoked
during the entire life (i.e., about onc cigarette per day for 1 year).
Misclassification of smoking status is more likely to be present
among such very light kers than g kers. In our
study, 164 case subjects and 438 control subjects (*‘c ional

rettes; their exclusion from the analysis had minor consequences
on the results (OR for exposure to spousal ETS = 1.15; 95% CI
= 0.86-1.54).

Second, in the urinary cotinine study mentioned above (74),
26 (1.9%) of 1369 women had cotinine levels above 100 ng/mg
creatinine and were classified as potentially false-negative cur-
rent smokers. Lee and Forey (23) discussed the effect of differ-
ent factors that infiuence the magnitude of the possible bias from
misclassification of smoking habits. If there is no true risk re-
lated to ETS exposure, a relative risk of the magnitude of that
found in our study (i.e., 1.15) can be obtained assuming a mis-
classification rate of 2% (/4), a proportion of smoking spouses
of the order of 30%—50%, a proportion of smokers in the un-
derlying popul of 20%~40%, a concordance ratio of 3, and

smokers’*) reported ever consumption of fewer than 400 ciga-
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ARTICLES 1447



four assumptions may be reasonable, also in the context of our
study, the magnitude of the effect of smoking is too high, since
most misclassified subjects are light smokers or long-term quit-
ters (24). A more realistic relative risk of smoking of 2 (24)
would result in a relative risk due to misclassification of the
order of 1.01-1.02, all other assumptions being equal. In addi-
tion, we conducted a validation study based on cross-interviews;
for 408 subjects enrolled in three centers, of whom 50 were not
included in this analysis, a next of kin—mainly the spouse—
completed a short questionnaire aimed at validating the non-
smoking status of the index subject (25). Misclassification on
never-smoking status in this sample was 1.2%, based on one of
175 case subjects and four of 233 control subjects, none of
whom was classified as a current smoker. It is thus unlikely that
the inclusion of smokers misclassified as kers affected
our results.

Misclassification of exposure to ETS is another important
potential source of bias (7,22). In the urinary cotinine study, we
found a good correlation between reported exposure to ETS and
cotinine level (/4); however, this study could validate only the
recent history of exposure. The results of the analysis of the
interviews with relatives on ETS exposure conducted on a sub-
group of 213 case and control subjects from one center in this
study (25) showed a very good correlation between the smoking
status and the cumulative consumption by the spouse and the
information reported by the study subjects (Spearman correla-
tion coefficient = .92), without a difference between case and
control subjects. Finslly, differential misclassification of expo-
sure (i.c., case subjects overreporting ETS exposure as compared
with control subjects), if present in our study, would hardly
explain the lack of a positive with childhood expo-
sure. If differential misclassification of ETS exposure is un-
likely, nondifferential misclassification (resulting in decreased
risk estimates in dichotomous variables and in the highest cat-
egory of categorical quantitative variables) is a plausible source
of bias in our study, as a result of imperfect measures of all
dimensions of ETS exposure.

An 1mpomm potential problem in studies on ETS and lung
cancer is the lack of proper control for p ial conf
other than active smoking. Authors have presented some evi-
dence on differences in habits other than smoking in households
with and without smokers (26,27). In particular, Whichelow et
al. (28) addressed this issue in a European population and re-
ported a healthier diet by nonsmokers than by smokers in the
U.K. We found no evidence that other known or suspected risk
factors of lung cancer and their correlates, such as educn'uonnl
level used as & proxy for soci mic status, p
exposure to carcinogens, residence in urban areas, and low con-

ption of bles, explained the risks from ETS exposure
cither from thc spouse or at the workplace. In particular, no
association was present among control subjects between smok-
ing status of the spouse and consumption of vegetables, green
vegetables, and fruits and amount of intake of B-carotene.

We conducted an analysis based on logistic regression mod-
els that used the whole dataset, after controlling for the study
center. An alternative approach would have been to analyze each
center separately and to combine the center-specific risk esti-
mates by use of a random effects model, as is done in mets-
analyses (29). Although we do not favor this latter approach,
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since our study was conducted by use of the same methodology
in the different centers, the meta-analysis approach leads to very
similar results, although with wider CIs; c.g., the OR of ever
exposure to spousal ETS was 1.13 (95% CI = 0.87-1.47), the
OR of ever exposure to ETS at the workplace was 1.14 (95% C1
= 0.87-1.49), and the ORs of duration (in hours/day % years) of
exposure to spousal or workplace ETS were 0.87 (95% CI =
0.65-1.18), 1.34 (95% CI = 0.74-2.42), and 148 (95% CI =
0.87-2.49) for the three categories shown in Table 5.

The available literature on ETS exposure from the spouse and
lung cancer is large [reviewed in (/-4)]. However, only six
studies are available from Europe; two of them, conducted in
Greece (35, 10), showed a twofold increase in risk for women ever
married to a smoker. Of the other studies, one from Scotland (7)
provided very unstable risk estimates of the same magnitude as
the Greek studies and two—one from the U.K. (6) and the other
from Sweden (9)—provided little evidence of an iation
The last study, also from Sweden (8), was the only one that
presented results solely by level of exposure and showed no
excess risk below exposure to ETS from 15 cigarettes per day or
for 30 years and a threefold excess above these exposure levels.
Perst (30) combined the six and estimated an over-
all relative risk of 1.47 (95% CI = 1.12-1.92), whereas the U.S.
Environmental Protection Agency (EPA) (3) excluded the Greek
studies and calculated & combined relative risk of 1.17 (90% C1
= (.84-1.62). Our summary OR is compatible with the EPA
estimate.

The fact that most subjects in our study reported having
ended their ETS exposure from the spouse or at the workplace
several years before the interview may help to explain why the
overall risk estimate for ever spousal smoking was somewhat
lower in this study than in previous investigations, such as the
studies from Greece (5, 10) that were conducted in a population
in which most subjects classified as exposed to spousal ETS
were currently exposed. Results obtained from studies in the
United States (3/,32) also suggest a decrease in the risk from
ever spousal (or ‘‘home’*) ETS exposure compared with previ-
ous reports [see (3,30) for a review].

The evidence from the available European of an as-
sociation between ETS exposure during childhood and lung can-
cer risk is inconsistent (8,9). Among the non-European studies,
Janerich et al. (33) pmvided evidence of an increased risk related
to in childhood or adol The remaining studies
[see (34) for a review), howevcr failed to confirm this finding.
In the light of the i tent findings of other our
results on childhood ETS exposure can be plausibly interpreted
as sampling fluctuation around a relative risk of 1 (no-effect) and
do not allow us to conclude that ETS exposure during childhood
is protective against lung cancer.

Our results on the effect of ETS exposure at the workplace
parallel those of a large U.S. study (3/) in showing a risk similar
to that of spousal exposure to ETS and a dose-response rela-
tionship. The evidence on workplace exposure to ETS from
other studies, in particular from other European studies, is not
consistent [see (30) for a review]. A few studies have reported
results on ETS exposure in public indoor settings; in particular,
two studies (6,35) showed no clear pattern of risk, whereas a
large U.S. study (31) reported an increased risk for exposure in

™
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social settings and a positive relationship with duration of ex-
posure.

The higher risk found for both spousal and workplace expo-
sures to ETS for squamous cell carcinoma and small-cell carci-
noma, compared with adenocarcinoma, was not statistically sig-
nificant but was consistent with the results of studies on ETS
conducted both in Europe (8,/0) and—for spousal ETS expo-
sure—in the United States (3/). However, the small size of
particles in ETS would be consistent with a carcinogenic effect
in the distant part of the lung, where adenocarcinoma preferen-
tially occurs. It should also be noted that, in studies conducted in
China (36,37), a higher risk was found of adenocarcinoma com-
pared with other histologic types.

When taken together, our results on exposure to ETS during
adulthood are in agreement with the available evidence and, in
particular, with large studies from the United States (31,32). We
think that minor discrepancies between the two studies, such as
a somewhat stronger effect of spousal smoking in the U.S. stud-
ies and the lack of an effect of “‘social”” sources in our study,
reflect differences in smoking pattems between the European
and U.S. populations. The comparison between our results and
those of other studies conducted in Europe is hampered by the
limited amount of information available from the latter.

In conclusion, our study provides the most precise available
estimate of the effect of ETS on lung cancer risk in western
European populations. We found no increased risk for childhood
exposure, a result consistent with most of the available data. The
risk from ever exposure to spousal ETS was consistent with the
combined available evidence from European studies, but it was
lower than some previous estimates—a result that could be ex-
plained by the large number of subjects whose exposure to ETS
ended several years earlier. The lack of reported results on the
cffect of cessation of ETS exposure in previous European stud-
ies does not enable us to explore this explanation. There was also
a nonsignificant dose-response relationship with duration of ex-
posure. We also found an association of similar strength with
workplace exposure. Dose-response relationships were more
consistent and risks were higher, although in most cases they
were not statistically significant, with combined indicators of
spousal and workplace ETS exposure.
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Dear Minister,

Our aftention has been drawn to the debate in the Icelandic Parliament on 31 January this
year in which reference has been made to the World Health Organization's work on passive
smoking. Iwould be grateful if you could advise those concerned of the following information
which is relevant to the statements immade in Parliament. :

The 1998 study referred to in Parliament was the subject of a strong media campaign by
the tobacco industry to try to dispute the lung cancer risk associated with passive smoking
because it is this association that gives the scientific basis for legislation protecting nonsmokers
at the workplace and in public places.

In 2000, researchers from the University of California, San Francisco were able to have
access to tobacco industry documents which gave details of the lengths to which some
companies had gone in 1998 to ensure that misleading statements were made and wrong
inferences drawn from the study. An article detailing the tobacco industries efforts was
published in the medical journal "The Lancet", and the International Agency for Research on
Cancer (which had been involved in the 1998 study) issued a press release at the time
condemning those in the industry who had sought to undermine their work.

Actually, the 1998 study did show that exposure to passive smoking at the workplace or
through spouse results in an increased (16%) risk of lung cancer, which was not mentioned by
the tobacco industry campaign. A small increase, when compared to the 20-fold increase of risk
by active smoking, but, given the large populations exposed to passive smoking, in the USA

5000 and in Europe ’)300 cases of lung cancer annually are estimated to be caused by passive
smoking.
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Over this time, the whole body of evidence linking lung cancer and passive smoking has
been extensively reviewed by IARC including this study, and finally the IARC Monograph on
Tobacco Smoke and Involuntary Smoking (2004) clearly concluded, "Even the typical levels of
passive exposure have been shown to cause lung cancer among never smokers. Second-hand
tobacco smoke IS carcinogenic to humans."

WHO has a strong position against industry activities such as those relating to the 1998
study, which undermnine science and inteffere in sound policy development. -

Yours sincerely

e ke

Denis G. Aitken
Assistant Director-General and Director,
Office of the Director-General
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