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Rangfærslur um tengsl óbeinna reykinga og lungnakrabbameins

í kjölfar þess að lagt var fram á Alþingi frumvarp um breytingar á lögum um 
tóbaksvarnir hefur ein einstök rannsókn, sem unnin var á vegum 
Alþjóðaheilbrigðismálastofnunarinnar (WHO) og birt árið 1998, verið talsvert til 
umræðu. Því hefur verið haldið fram að rannsóknin leiði í Ijós að ekki séu 
tengsl milli óbeinna reykinga og lungnakrabbameins og reynt hefur verið að 
gera tortryggilegt að niðurstöðum þessarar rannsóknar sé ekki hampað 
nægilega i greinargerð Lýðheilsustöðvar sem er fylgiskjal með frumvarpinu. í 
Ijósi hinnar miklu umræðu þykir rétt að leiðrétta þennan misskilning og jafn 
framt birta fréttatilkynningu frá Alþjóðaheilbrigðismálastofnuninni um 
rannsóknina frá árinu 1998, en tilkynningin var andsvar stofnunarinnar við 
sambærilegum mistúlkunum og þeim sem hafa verið að birtast hér á landi.

Hið rétta í málinu er að umrædd rannsókn sýnir fram á veik tengsl óbeinna 
reykinga og lungnakrabbameins en þó ekki tölfræðilega marktæk (til þess er 
úrtakið ekki nógu stórt). Ástæða þess að ekki er minnst á þessa rannsókn í 
greinargerðinni er að um 50 faraldsfræðilegar rannsóknir hafa verið gerðar á 
þessu sviði á síðustu 25 árum og vísað er í samantekt úr öllum þessum 
rannsóknum í greinargerðinni. Þar á meðal er umrædd rannsókn.
Þessi umrædda rannsókn er því aðeins ein af fjölmörgum rannsóknum á 
sambandi óbeinna reykinga og lungnakrabbameins. Auk faraldsfræðilegra 
rannsókna hafa verið gerðar rannsóknir á dýrum, mælingar á eiturefnum og 
líffræðilegar rannsóknir. Þegar niðurstöður allra þessara rannsókna eru teknar 
saman, þar með talin umrædd rannsókn á vegum
Alþjóðaheilbrigðismálastofnunarinnar, kemur skýrt í Ijós að óbeinar reykingar 
(,,exposure to second hand smoke”) eru krabbameinsvaldandi 
(„carcinogenic”). Þessari einu rannsókn Alþjóðaheilbrigðismálastofnunarinnar 
hefur síður en svo verið stungið undir stól, heldur hafa niðurstöður hennar 
verið teknar með í tölfræðútreikninga og frekar styrkt samband óbeinna 
reykinga og lungnakrabbameins, þar sem niðurstöðurnar hnigu í sömu átt og 
fjölda annarra rannsókna, án þess þó að vera tölfræðilega marktækar.

Tengillinn hér fyrir neðan vísar á Monograph 83 (Monographs on the 
Evaluation of Carcinogenic Risks to Humans) þar sem 
Krabbameinsrannsóknastofnun WHO (IARC) dregur saman niðurstöður 
rannsókna um óbeinar reykingar og tengsl þeirra við krabbamein: http://www- 
cie.iarc.fr/htdocs/indexes/vol83index.html
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Alþjóðaheilbrigðismálastofnunin (WHO) hefur opinberlega verið sökuð um að 
leyna upplýsingum. Andstæðingar stofnunarinnar halda því fram að hún hafi 
stungið undir stól skýrslu sem ætlað var að sanna vísindalega að tengsl væru 
á milli óbeinna reykinga eða tóbaksreyks í umhverfi (ETS) og ýmissa 
sjúkdóma, einkum þó lungnakrabbameins. Er því haldið fram að ekki hafi 
tekist að sanna það. Báðar fullyrðingarnar eru rangar.

Umrædd rannsókn er tilfella-viðmiðuð rannsókn (,,case control study”) á 
áhrifum óbeinna reykinga á líkur á lungnakrabbameini hjá evrópskum þýðum, 
sem 12 rannsóknamiðstöðvar í sjö Evrópulöndum hafa unnið að undanfarin 
sjö ár, undir yfirumsjón Krabbameinsrannsóknastofnunar WHO (IARC).

í fréttaflutningi undanfarið hafa niðurstöður rannsóknarinnar verið algjörlega 
rangtúlkaðar en þeim ber að mestu saman við niðurstöður úr sambærilegum 
rannsóknum bæði í Evrópu og víðar: Óbeinar reykingar valda 
lungnakrabbameini hjá fólki sem ekki reykir.

í rannsókninni kom fram að ætla megi að líkur aukist um 16% á 
lungnakrabbameini hjá reyklausum ef makar þeirra reykja. Ætla má að 
aukningin sé um 17% hjá þeim sem búa við óbeinar reykingar á vinnustað. 
Úrtakið var hins vegar það lítið að hvorug niðurstaðan var tölfræðilega 
marktæk. Rannsóknin bendir þó til þess að það dragi úr áhættunni þegar 
óbeinar reykingar eru ekki lengur til staðar.

Skýrsla um rannsóknina sjálfa var í febrúar 1998 send til viðurkennds 
vísindatímarits með það fyrir augum að fagfólk yfirfæri hana og gagnrýndi, 
eins og venja er. Vegna þessa er skýrslan í heild sinni ekki enn opinberlega 
aðgengileg (í mars 1998). í Ijósi ofangreindra aðstæðna hafa höfundar 
skýrslunnar þó tekið þá ákvörðun að útbúa útdrátt úr skýrslunni ætlaðan 
fjölmiðlum.

«Afar mikilvægt er að gera sér grein fyrir að niðurstöður rannsóknar þessarar 
eru í fullu samræmi við helstu vísindalegar rannsóknir á málefninu sem 
yfirvöld í Ástralíu, Umhverfisverndarstofnun Bandaríkjanna og Kaliforníuríki 
gáfu út árið 1997,» sagði Neil Collishaw, settur yfirmaður tóbaks- og 
heilbrigðisdeildar WHO í Genf. «Breska læknatímaritið British Medical Journal 
birti einnig umfangsmikla eftirgreiningu á tengslum óbeinna reykinga og 
lungnakrabbameins árið 1997. Bæði þessi rannsókn og fyrri greiningar á 
vísindalegum gögnum hafa leitt til ótvíræðs samhljóða álits um heim allan: 
óbeinar reykingar valda lungnakrabbameini og öðrum sjúkdómum,» bætti 
hann við.

«Krabbameinsrannsóknastofnun WHO er stolt af þeim vísindalegu 
rannsóknum sem þessir evrópsku vísindamenn hafa staðið að,» sagði dr.
Paul Kleihues, forstjóri stofnunarinnar. «Við höfum miklar áhyggjur af röngum 
og villandi yfirlýsingum sem nýlega hafa komið fram í fjölmiðlum. Það er engin 
tilviljun að þessar röngu upplýsingar komu fyrst fram í breskum blöðum rétt 
fyrir reyklausa daginn í Bretlandi og um það leyti sem áformað var að gefa út 
skýrslu bresku vísindanefndarinnar um tóbak og áhrif þess á heilbrigðU



Allar fréttatilkynningar WHO, upplýsingablöð og greinar er hægt að kynna sér, 
ásamt öðrum gögnum um þetta málefni, á vefsetri WHO, http://www.who.ch

Fréttatilkynningin á ensku er hér: http://www.who.int/inf-pr-1998/en/pr98-29.html

Vísindagreinina, sem birt var úr umræddri rannsókn, má lesa hér:

http://incicancerspectrum.Qxfordiournals.ora/cai/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


5 Page 1 of 4

INVOLUNTARY SMOKING 
(Group 1)

For definition of groups, see Preamble.

VOL.: 83 (2002)

5. Summary of Data Reported and Evaluation

5.1 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)-l-(3-pyridyl)-l-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 pattems 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/m .

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 IARC 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/htdoc s/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 matemal 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 
patemal 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.

5.3 Animal carcinogenicity data

Secondhand tobacco smoke for carcinogenicity studies in animals is produced by 
machines that simulate human active smoking pattems 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 tumovirs. 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 pattem that contrasts with the findings for active smoking. No 
consistent association of matemal exposure to secondhand smoke with fertility or fecundity has been 
identified. There is no clear association of passive smoking with age at menopause.

Matemal cigarette smoking has repeatedly been associated with adverse effects on fetal 
growth; full-term infants bom to women who smoke weigh about 200 g less than those bom to 
nonsmokers. A smaller adverse effect has been attributed to matemal 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 matemal 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)-l-(3-pyridyl)-l-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)-l-(3-pyridyl)-l-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 pattem 
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 TP53 and KRAS mutations that are 
similar to those found in tumours from smokers. The genotoxicity of sidestream smoke, 
‘environmentaP 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 Iung cancer in humans.

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

There is sufjicient 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,
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Carlos Winck, Paola Zambon, Rodolfo Saracci

Background: An association between exposure to environ- 
mental tobacco smoke (ETS) and lung cancer rísk has been 
suggested. To evaluate this possible association better, re- 
searchers need more precise estlmates of risk, the relatlve 
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 intervlewed about exposure to ETS. Neither case sub* 
jects nor control subjects had smoked more than 400 ciga- 
rettes in their lífetime. Results: ETS exposure during chUd- 
hood was not associated with an increased risk of lung 
cancer (odds ratio (OR) for ever exposure *  0.78; 95% con- 
fidence interval [CIJ = 0.64-0.96). The OR for ever exposure 
to spousal ETS was 1.16 (95V« C1 *  0.93-1.44). No clear 
dose-response relatíonshlp could be demonstrated for cumu- 
latíve spousal ETS exposure. The OR for ever exposure to 
workplace ETS was 1.17 (95% CI *  0.94-1.45), wfth 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 assodated with lung cancer risk. Rlsks 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 statístícally 
signlficant Conclusions: Our results indicate no association 
between chlldhood exposure to ETS and lung cancer risk. 
We did find weak evidence of a dose-response relationship 
between risk o f lung cancer and exposure to spousal and 
workplace ETS. There was no detectable risk after cessation 
of exposure. [J Natl Cancer Inst 1998;90:1440-50]

Duríng the last 15 years, epidemiologic studies have been 
conducted on the association between exposure to cnvironmen-

tal tobacco smoke (ETS) and lung cancer. Several authors and 
regulatory agencies have concluded that a causal link has been 
established [e.g., see (1-3)], whereas some authors consider that 
bias and confounding factors constitute a plausible explanation 
for the observed association [e.g., see (4 )\ The available studies 
are— in most cases—too small to adequately assess the magni- 
tude o f the efTect and to address specifíc aspects, such as the 
shape of the dose-response relationship, the effect o f cessation 
of exposure, the importance of multiple sources o f ETS expo- 
sure, and the interaction of ETS exposure with other rísk factors 
of lung cancer. Furthermore, relatively few studies of such ex- 
posure are availabie from Europe (5-10). Characterístic o f to- 
bacco smoking in European countries are the mixed consump* 
tion of blond and black tobacco cigarettes (11) and the low 
prevalence—at least in the past—of smoking among women 
compared with men (12).
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Since 1988, the International Agency for Research on Cancer 
(IARC) has coordinated an intemational, multicenter, case- 
control study o f lung cancer in nonsmokers. The main objective 
of this study was to provide an estimate of the rísk o f lung cancer 
from exposure to ETS in westera European populations that 
would be more precise than estimates available at that time. 
Secondary objectives of the study were to address more detailed 
aspects o f 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 oríginally to have a 
statistical power o f 80% to detect a relative rísk o f 1.3 (at a 5% 
level of statistical significance) for an exposure with a preva- 
lence o f 40% and a control-to-case subject ratio o f 2 (required 
number o f case subjects, 572). Herein, we report the principal 
findings o f this study. Results of a study firom Sweden that 
partially overlaps with ours have been published recently (13). 
Detailed results o f our multicenter study, stratified by sex, age, 
center, and histologic type, are available from IARC1.

SUBJECTS AND M ETHODS

Twelve centers from seven European countries paiticipated in a multicenter, 
case—control study o f lung cancer tn never smokers—Oermany 1 (Bremen and 
Frtnkfurt metropoiitan areas), Gemuny 2 (parts o f North Rhine-Westphalia, 
Eifel, and Saarland), Gennany 3 (Thuringia and Saxony), Sweden (Stockholm 
county), U.K.. (Devon and Comwall), Sptín (Barcelont metropolitan ttea), Italy
I (Turin), Italy 2 (five areas in the Veneto region), Italy 3 (patients from one 
hospita! in Rome), Fraice (patients from 12 hospitals, o f  which nine are in 
Paris), Portugal i (patients from three hospitals in Lisbon), and Portugal 2 (pa- 
tients from one hospital in Vila Nova de Gaia [Porto]).

Details o f the study design varied among the centers. The period o f enrollment 
o f case and control subjects was from 1988 to 1994. The most important dif- 
ference in the study design araong the centeis was the selection o f  control 
subjects. Control subjects were hospital based in the centers from France, Por- 
tugal, Spain, and one o f the Italian centers (Italy 3); control subjects were both 
hospital and community bssed in the center from the U.K,.; and control subjects 
were community based in the other centers. Community-based control subjects 
were selected from populatíon registers. The diagnoses o f  hospital-based control 
subjects varied among the centers, but patients with smoking-related diaeases 
were excluded from the control series in all centers. There were minor difíer- 
ences among centers in teims o f age restriction and diagnostic criteria for case 
etigibility. Sotne centers had no age restriction, whereas other centers excluded 
subjects aged 75 years or otder. This combtned analysis is restricted to case and 
control subjects up to age 74 years. Smokers were studied in all but the Portu- 
guese centers. bt selected centers, case subjects without a histologic or a cyto- 
logic diagnosis were atso included.

Case and cootrol subjects were interviewed by use o f a common questionnaire 
designed to gather details on ETS exposure during childbood and during adult- 
bood at home, at the workplace, ín vehicles, and in public places. The questíon- 
natre had been developed on the basis o f the results o f a study on urinary cotinine 
levels and ETS exposure (14). The common questionnaire also included secrions 
on demographic variables, residential history (includmg a history of the subject’s 
cooking and beating anangements), and exposure to known and suspected oc- 
cupational lung cardnogens (15). In addition, the centers from Gennany, Swe- 
den, Spain, ðie U.K., France, and one center from Italy collected inforatation on 
dietaiy habits— from which were derived indicators o f intake o f vegetables, 
fhiits, 3-carotene, total carotenoids, and retínol.

A screentng questionnaire was ttsed to detenníne the histoty o f smoking by 
case and control subjects, and emphasis was placed on quantifying occasional 
smokíng. Onty those subjects who reported that they had not smoked more than 
400 cigarettes during their life w eit eltgible for this study. In three o f  the centers, 
a parallel study was carried out to validate the never-smoking status o f  the index 
subject This validation was done by interviewing independently a oext o f kio on 
his or her smoking habits and those o f the index subject

Quantítative variabtes used for childhood ETS exposure (exposure up to age 
18 years) included the oumber o f smokers in the househoid aod the cumulative 
exposure—expressed as the number o f  years o f  exposure wetghted for the type

of smoker [mother «  I, father =  0.75, and other adults »  0.25; these weights 
were based on studies o f  urinary cotinine concentrations in children (16)\. Quan- 
tjtative variables o f exposttre to ETS from the spouae within marriage as well as 
from other cohabitants, such as partners and roommates, included the foliowing: 
1) the total number o f  yeats o f  exposure, denoted as duration (in years); 2) the 
product o f the aumber o f  yeats and the oumber of hours per day of exposure, 
denoted as duration (in hours/day * yeais); 3) the avetage number o f cigarettes 
smoked per day by the spouse in the ptesence o f  the index subject; and 4) the 
cumulative exposure, expressed as pack-years and derived from the product of 
variables 1 and 3 listed above. Spousal cigar and pipe smoke represented a small 
fraction of total spousal ETS; the variables described above included exposure to 
all types o f tobacco products, expressed as cigarette-equivalents after applying a 
weight o f 2 to cigarillos and 3 to cigars and pipes (17). In prelimínary analyses, 
th'e use of variables restricted to exposure to cigarette smoke yielded results very 
similar to those based on the use o f  variables combining atl types o f 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 
as follows: 1) the total number o f yeais o f  exposure and 2) the total number of 
years of exposure weighted for the number o f  hours ofexposure per day and for 
a subjective index o f smokiness o f  the workplace. We also derived indicators of 
duration of exposure and tirae since cessation o f  exposure to either spousal or 
workplace ETS.

For each source o f ETS exposure, case and control subjects who were never 
exposed to ETS ftom that source comprised the reference category. For each 
parameterization o f ETS exposure, exposed subjects were divided into three 
categories, defined by the 7Sth and 90th percentítes of the distribution among 
control subjects. The choice o f  the cut point at the 75th percentile was based on 
the results o f a urinary cotinine study conducted in Germany and Poland, which 
showed a smaller degree o f  misclassification in the highest quartile compared 
with the three lowest quartiles o f the distribution (18). We performed two-tailed 
tests for linear trends by testing the signiftcance o f the regression parameter of 
a trend variable that also included the reference categoty. The trend variable 
assttmed the values corresponding to the median o f each exposure category 
among control subjects.

Logistic tegression modeling was the main method chosen for the statistical 
analysis. In some centers control subjects were individuatty raatched to case 
subjects on sex and age, whereas tn other centers fiequency matching was the 
strategy of choice. Individuat matching o f  case and control subjects requires the 
fitting of conditíonal regresston models, wbereas tack o f individual matching 
pennits the use o f unconditíooat modeling (19). The results obtaioed by use of 
unconditional logistíc regresaioo for atl centen and a combination o f conditional 
logistic regression for centeis with individual matching and unconditional logis- 
tíc regression for the other centeis (20) were compared. The basic regression 
model comprised—in addition to the exposure variables o f  ioterest ■ terms for 
sex, 10-year age groups, center, and the interaction between sex and center. The 
inclusion of the interactíon terms resulted in ao improvement o f tbe goodness of 
ftt o f most o f the regresston modets. Additiooat terms—entered into the regres- 
sion modets as pottntial confounders—were educationat tevet (as a variable with 
three categories based on center-specific cut points), proportion o f life spent in 
uiban areas, occupational exposure to tung carcinogens, and mtake o f veg- 
etables, p-carotene, total carotenoids, and retinot.

The statístical signiftcance o f  the difference among the center-specific results 
was evaluated by a comparison o f  the deviance o f the basic regression modet aod 
that of an expanded modet containing the interactíon tenn between exposure and 
center. Additional analyses were perfonned after case and control stéjects were 
divided according to 1) sex, 2 ) histologic type o f  cancer (squamous celt carci- 
noma, smalUcell carcinoma, adeoocarciooma, and other, mixed and tmdefined 
histologic types), 3) whether subjects spent more than 75% o f  their tife in urban 
or in rural areas, and 4) source o f  control subjects (centeis with hospital-based 
and with poputatíon-based control subjects).

R e s u l t s

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 \ower 
than 50%. Two o f the Gennan centers and the centers in Swe- 
den, France, and Spain contríbuted the largest numbers of case 
subjects (Table 1). O f the case subjects and the control subjects, 
21,7% and 34.4%, respectively, were men. The distríbution 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 years. Adenocarcinoma was the 
most conunoo histologic type (51.2% of case subjects), whereas 
squamous cell carcinoma accounted for 16.8% and small-cell 
carcinoma for 10.8% of case subjects.

In a comparíson between the unconditional and the mixed 
conditional/unconditional approaches for multivaríate logistic 
regression, the results were very similar for most o f the varíables 
analyzed (Fig. 1). In the following sections, only results based 
on unconditional regression modeling are reported.

Cbíldhood Exposure to ETS

A total o f 389 case subjects and 1021 control subjects re- 
ported ever having been exposed to ETS duríng childhood, for 
an overall odds ratio (OR) o f0.78 (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 o f 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 forexposure to ETS 
firom 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 rísk according to number of 
smokers in the household, and there was a decreasing trend

Table I . Selected chancterístícs of case and control subjects

Case subjects Control subjects
(n =  6S0) (n «  1542)

No. % No. %

Study center
Sweden 70 10.8 112 7.3
Germany 1 76 11.7 229 14.9
Oermany 2 142 21.8 163 10.6
Germany 3 31 4.8 52 3.4
U.K. 26 4.0 140 9.1
France 77 11.8 151 9.8
Portugal 1 49 7.5 39 2.5
Portugal 2 33 5.1 53 3.4
Spain 71 10.9 159 10.3
Itaty 1 40 6.2 221 14.3
Iu ly  2 19 2.9 173 11.2
Italy 3 16 2.5 50 3.2

Sex
Female 509 78.3 I0M 65.6
Male 141 21.7 531 34.4

A ge.y
<55 165 25.4 361 23.4
55-64 210 32.3 552 35.8
65-74 275 42.3 629 40.8

Histologic type
Squamous cell carcinotna 109 16.8 — —
AdeDOcarcmoma 333 512 — —

Small-cell carcinoma 70 10.8 — —
Other bistologic type 115 17.7 — —
Unknown 23 3.5 —

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

Results similar to those based on the whole study population, 
although more unstable because of small numbers in the varíous 
categoríes, were obtained after exclusion o f men (Table 2) or 
subjects who reported exposure to ETS duríng 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 either períod were similar to 
those for childhood overall.

Exposure to ETS From tbe Spouse

The ORs for subjects who were ever married to a smoker 
were 1.27 (95% G  = 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 varíable, self-reported expo- 
sure to spousal smoke, was used as the main indicator for this 
source of ETS; 344 case subjects and 700 contro! subjects re- 
ported ever having had such exposure, yielding an OR of 1.16 
(95% CI = 0.93-1.44) (Table 3). The 12 centcrs in the study 
showed some heterogeneity in the rísk estimate for this varíable, 
with an OR higher than 1.5 in four centers and an OR lower than 
0.7 in one center. The tests o f heterogeneity performed on cen- 
ter-specifíc results, however, did not suggest signifícant differ- 
ences (P  =  .42). The exclusion o f case and control subjects who 
were never marríed reduced the study population by about 24%, 
but it did not materíally affect the results (OR for ever exposure 
to spousal smoke = 1.18; 95% CI =  0.92-1.51). Most o f 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 o f lung cancer with increasing 
duration (in hours/day * years) o f exposure (Table 3), whereas 
only weak evidence of a trend emerged for cumulative exposure; 
no trend was present for duration o f 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 * years) o f exposure and .07 for cumu- 
lative exposure. These results were similar, although less pre- 
cise, when the analysis was restrícted to women (Table 3).

The analysis by type o f 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 ever exposure to ETS from any type of 
tobacco product

Other potential rísk factors of lung cancer exerted only a 
minor confounding effect on the association between exposure 
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) after 
adjustment for urban, rural, or mixed urban and rural residence
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Results o f comparisons of exposure to en- 
viromaeotal tobacco smoke for childhood, spouse, 
worfcplace, and spouse or workplace, by use of two 
different approacbes: (I )  unconditiona! logistic re- 
gression adjusted for age and for interaction be- 
tween sex and center and (2) combination o f un> 
conditional logistic regression in centen without 
individual matching and conditional logistic re- 
gression stratified on the matched sets in centers 
with individual matching.

1.16 1.1*
(0.60-t «7) ÔS-1.43)

ChlkJhood Spouse Workplacð SpouM or Woriíplaoe

Exposure to environmentai tobacco smoke

Table 2. Odds ratios o f lung cancer from exposure to environmental tobacco smoke duríng childhood

AU subjects*

Case Control P  for Case Control P  for
subjects subjects OR 95% CI trendf subjects subjects OR 95% CI Crendf

Ever exposed 
No 
Yes
Missing values

No. o f smokers in household 
None 
l
2
> 3
Missing values 

Cumulative exposure (weighted smoker-yearsj) 
0
0.1-14.0 
14.1-18.0 
>18.1
Missing values

252 496 1.00 Referent
389 1021 0.78 0.64-0.96

9 25

252 496 1.00 Referent
305 750 0.80 0.64-0.99

52 191 0.63 0.44-0.90
32 80 1.05 0.65-1.70

9 25

252 496 1.00 Referent
248 582 0.83 0.66-1.04
104 332 0.68 0.51-0.92
37 107 0.80 0.51-1.24

9 25

187 295 1.00 Referent
314 700 0.77 0.61-0.98

8 16

187 295 1.00 Referent
243 528 0.76 0.59-0.98

43 117 0.69 0.46-1.04
28 55 1.13 0.67-1.91

8 16

187 295 1.00 Referent
193 394 0.78 0.60-1.02
93 239 0.73 0.53-1.02
28 67 0.90 0.54-1.50

8 16

*OR =  odds nitio adjusted for age and sex-center interaction; CI =  confidence interval. 
fTwo>tailed P  value o f test for linear 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 o f vegetables abovc 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 witb 1.11 (95% CI =  0.88-1.39) 
among women (Table 3). The small number o f exposed men 
hampered more detailed quantitative 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 55-64 years and 1.25 
(95% CI *  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 squamous cell 
carcinoma and small-cell carcinoma than for adenocarcinoma 
(OR for squamous cell carcinoma [n =  59] =  1.21 [95% CI =

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

The questionnaire included questions on smoking habits of 
cohabitants other than the spouse duríng the adult life o f the 
study subjects, A total o f 44 (6.8%) case subjects and 123 (8.0%) 
control subjects who were not exposed to spousal smoke re- 
ported this source o f exposure to ETS. Thc rísk estimates from 
exposure to ETS from any cohabitant teoded to be somewhat 
lower than those from exposure to spousal smoke only (OR for 
everexposed =  1.10 [95% CI =  0.88-1.36]; ORs for cumula- 
tivccxposure =  0.96 [95% CI *= 0.74—1.23] for 0.1-13.0 pack-
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F lj. 2. Center-spccific odds ratios and 95% confidence intervals (bars) for environmentai tobacco 
smoke exposure. A) Childhood environmental tobacco smoke. Test for heterogeneity among cen- 
tersr x2 =  10.43; degrees of freedom (df) *  11; P  ■  .49. B) Combined envíronmental tobacco 
smoke from the spouse or at the workpiace. Test for heterogeneity among centers: x 1 *  6.76; df 
»11; 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 >25.1 pack-years).

Exposure to ETS at tbe Workplace

A total of 374 case subjects and 855 control subjects reported 
ever exposure to ETS at the workplace, yielding an OR o f 1.17 
(95% CI =  0.94-1.45) (Tabie 4). The risk estimates in eight 
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 weil as in women (Table 4). Exposure at the work- 
place resuited 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 control subjects) and in women (OR 81 1.19; 95% 
CI = 0.94-1.51); a similar pattem was found for duration of 
exposure to ETS at the workpiace. No pattera 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-cell carcinoma (OR =

1.17; 95% CI = 0.67-2.04), although this differ- 
ence was not statistically significant The poten- 
tial confounders—educational level, residence Ín 
urban areas, exposure to occupational carcino- 
gens, and intake o f vegetables, retinoids, and ca- 
rotenoids—had no appreciable effect on the ORs 
of exposure to ETS at the workplace.

Combined Spousal and W orkplace ETS 
Exposure

Ever exposure to either o f  the two major 
sources o f ETS—the spouse and the workplace— 
was associated with an OR o f 1.14 (95% CI = 
0.88-Í.47) (Table 5); there was no significant 
heterogeneity among centers (P  =  .82) (Fig. 2, 
Ð). A weak increase in lung cancer risk was pre- 
sent for increasing duration o f 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 associated with an increased risk 
of lung cancer (Table 5). The ORs of exposure to 
either source were similar in men (OR =  1.13; 
95% CI =  0.68-1.89) and women (OR =  1.15; 
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 * years) o f exposure to ETS from either 
source were associated with an increased risk 
o f  squam ous cell carcinom a and sm all- 
cell carcinoma but not o f adenocarcinoma 
(Table 6). For both squamous cell carcinoma 
and small-cell carcinoma, a decrease in risk with 
time since cessation o f exposure was present 
(Table 6).

Exposure to ETS in Vehicies and Public Indoor Settings

The results for varíables representing two further sources of 
exposure to ETS—vehicles and other public indoor settings— 
were not consistent among the centers. The range o f center- 
specific ORs for exposure in vehicles (based on a total of 125 
exposed case subjects and 310 exposed control subjects) ranged 
from 0 to 2.85, with an overall estimate of 1.14 (95% CI = 
0.88-1.48). The range o f 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% CI -  0.82-1.29). Analyses by dura- 
tion of exposure did oot suggest any consistent pattern for either 
o f these two sources of exposure to ETS.

D is c u s s io n

The results of our study o f 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

AH subjects* Women*

Case Control P  for Case Controi P  for
subjects subjects OR 95% CI trendf subjects subjects OR 95% CI trendf

Ever exposed
No 305 838 1.00 Referent 187 376 1.00 Refercnt
Yes 344 700 1.16 0.93-1.44 321 632 1.11 0.88-1.39
Missing vaiues 1 4 1 3

Duration o f exposure (in years)
Unexposed 305 838 1.00 Referent 187 376 1.00 Referent
1-34 223 498 1.05 0.83-1.33 202 439 0.99 0.77-1.27
35-42 65 103 0.63 0.12-2.37 64 98 1.57 1.06-231
>43 38 80 1.07 0.68-1.68 .10 37 76 1.05 0.66-1.68 .19
Missing values 19 23 19 22

Duntion o f exposure (hours/day * 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 1.20 0.78-1.85 42 75 1.12 0.72-1.74
>224 41 53 1.80 1.12-2.90 .02 41 52 1.70 1.05-2.75 .03
Missing vahies 103 234 99 209

Average exposure (cigarettes/day)
Unexposed 297 778 1.00 Referent 181 327 1.00 Referent
0.1-10.0 206 411 1.10 0.86-1.40 184 360 1.00 0.77-1.31
10.1-18.0 25 83 0.58 0.35-0.90 25 79 0.57 0.34-0.93
>18.1 35 55 1.37 0.85-2.20 .88 35 52 1.34 0.83-2.17 .97
Missing values 87 215 84 193

Cumulative exposure (pack-years)
Unexposed 297 778 1.00 Referent 181 327 1.00 Referent
0.1-13.0 188 411 1.00 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 0.97-2.44 .15
Misstng values 87 215 84 193

*OR ■ odds n tio  adjusted for age and sex-center intenction; CI =  confidence interval. 
fTwo-tailed P  value o f test for linear trend.

Table 4. Odds ratíos o f 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% CI trendf subjects subjects OR 95% CI trendf

Ever exposed
No 276 687 1.00 Referent 240 535 1.00 Referent
Yes 374 855 1.17 0.94-1.45 269 476 1.19 0.94-1.51
Misstng values 0 0 0 0

Duntion o f exposure (in years)
Unexposed 276 687 1.00 Referent 240 535 1.00 Referent
1-29 278 634 1.15 0.91-1.44 211 399 1.14 0.89-1.47
30-38 55 129 1.26 0.85-1.85 37 47 1.50 0.93-2.43
>39 39 91 1.19 0.76-1.86 .21 20 29 1.24 0.67-2.28 .10
Missing values 2 l 1 1

Duntion o f exposure (level| * hours/day x years)
Unexposed 276 687 1.00 Referent 240 535 1.00 Referent
0.1-46.1 196 525 0.97 0.76-1.25 148 316 1.03 0.78-1.36
46.2-88.9 47 105 1.41 0.93-2.12 26 54 1.08 0.65-1.81
>89.0 48 71 2.07 1.33-3.21 <.01 30 33 1.87 1.10-3.20 .03
Missing values 83 154 65 73

*OR “  odds ratio adjusted for age and sex-center interiction; CI =» confidence interval. 
tTwo>tailed P  value o f  test for linear trend.
\Se*  text for detaiis.

exposure. Statistically significant results were the reduced risk 
from childhood exposure and the iocreasing trend in risk for 
weighted duration o f exposure to ETS from the spouse or at the 
workplace. Vehicles and public indoor settings did not represent 
an important source of ETS exposure. The analysis according to

time since last exposure suggested no increase in risk when a 
long time (i.e., >15 years) had elapsed since cessation of expo- 
sure.

An important aspect o f 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 o f lung cancer frora combined exposure to environmental tobacco smoke from the spouse and at the workplace

All subjects* Women*

Case Control P for Case Control P  for
subjects subjects OR 95% Ct trendf subjects subjects OR 95% CI trendf

Ever exposed
No 122 339 1.00 Referent 88 198 1.00 Referent
Yes 527 1201 1.14 0.88-1.47 420 811 1.15 0.86-1.55
Missing values 1 2 1 2

Duration o f exposure (in years)
Unexposed 115 331 1.00 Referent 83 190 1.00 Referent
1-36 362 876 1.11 0.85-1.46 282 573 1.09 0.80-1.50
37-43 82 185 1.26 0.87-1.81 67 127 1.28 0.85-1.94
»44 70 125 1.29 0.87-1.92 .13 57 97 1.25 0.80-1.95 .19
Missing values 21 25 20 24

Duntion of exposure (hours/day * 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 1.31 0.88-1.94 46 86 1.15 0.72-1.82
»254 57 101 1.46 0.96-2.22 .01 49 72 1.49 0.93-2.38 .03
Missing values 119 202 112 172

Time since last exposure (in years)
Unexposed 122 339 1.00 Referent 88 198 1.00 Referent
»16 121 327 0.92 0.67-1.26 99 235 0.92 0.64-1.33
3-15 175 394 1.20 0.89-1.62 140 274 1.18 0.84-1.67
0-2J 211 459 1.18 0.88-1.59 162 282 1.22 0.87-1.72
Missing values 21 23 20 22

*OR =  odds ratio adjusted for age and sex-center interaction; CI =  conftdence interval. 
tTwo-tailed P  vahie of test for linear trend.
|Including current exposure.

good statístical precision, to separate sizable groups of case and 
control subjects with high exposure to ETS, and to conduct 
anaiyses after stratification for histologic type. However, our 
power calculation was based on an expected difference in rísk 
from ETS exposure that was greater than that which we ob- 
served. Although we did not use an objective marker of past ETS 
exposure, we conducted a detailed assessment o f exposure to 
ETS from various sources. In addition, we controlled for most 
potential confounders, and we validated the smoking status of 
the index subject and the spouse in a subgroup of case and 
control subjects.

The lack o f fuil consistency of the results among the centers 
may limit the strength of our findings and the conclusions we 
can deríve 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-speciflc results were—in most 
cases—not statistically significant, and some random variability 
is inherent in comparisons between subgroups; 3) resuits were 
more consistent for variables that combined exposuie to spousal 
and workplace ETS, which suggested that different degrees of 
misclassification in exposure contríbuted 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

size of the estimated effect of ETS exposure at the workplace, 
compared with ETS exposure firom the spouse, is consistent with 
ftndings of a validation study (14) 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 urinaiy cotinine after smoking by the spouse.

We identified some potential methodologic problems in our 
study. Some aspects o f the design of the study and, in particular, 
the criteria for selection 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 firom 
subsets of centers defíned according to their criteria for selection 
of controi 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  =  .51 in 
control subjects), ever exposure 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 -  .11 
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 n tío s of lung csocer from combined exposure to environmental tobacco smoke from the spouse and at the workplace, by histologic type*

Histologic type

Adenocarcinoma Squamous cell carcinoma Small-cell carcinoma Other types

Ever exposed 
N 
OR
95% Cl

Duratíon of exposure (in years)
0.1-36.0

N
OR
95% CI

36.1-43.0 
N
OR
95% CI 

>43.1 
N 
OR
95% CI 

P  for trendt 

Duratíon o f exposure (houre/day * years) 
1-165 

N 
OR
95% CI 

166-253 
N 
OR
95% CI 

>254 
N 
OR
95% CI 

P  for trendf 

Time since last exposure (in years)
>15.1

N
OR
95% a

2.1-15.0 
N 
OR
95% CI 

0.1-2.0 
N 
OR
95% a  

P  for trendf

267
1.01

0.73-1.40

190
1.02

0.72-1.44

36
0.95

0.59-1.53

33 
I.I I 

0.67-1.86 
.90

147
0.77

0.54-1.10

31
1.10

0.66-1.83

30
1.32

0.77-2.25
.09

64
0.88

0.53-1.32

77
0.94

0.63-1.39

113
1.06

0.73-1.54
.61

92
1.57

0.89-2.76

59
1.46

0.79-2.67

2.15
1.03-4.51

13
1.99

0.88-4.52
.03

49
1.26

0.68-2.32

12
1.88

0.82-4.29

II
2.04

0.85-4.89
.06

23
1.38

0.70-2.74

27
1.53

0.79-2.97

39
1.68

0.50-3.16
.11

56
1.19

0.62-2.30

33
1.01

0.49-2.06

9
1.57

0.61-4.04

13
2.03

0.84-4.90

29
0.98

0.48-2.02

7
1.46

0.52-4.09

6
2.33

0.77-7.10
.09

12
0.71

0.31-1.65

23
1.45

0.69-3.06

19
1.44

0.65-3.19
.14

95
1.20

0.70-2.04

69
1.27

0.72-2.23

16
1.40

0.68-2.90

0.83
0.34-2.04

56
1.09

0.62-1.94

13
1.49

0.69-3.24

8
1.18

0.48-2.93
.46

16
0.75

0.37-1.52

42
1.59

0 .88-2.86

34
1.14

0.62-2.11
.25

*N “  number o f exposed csse subjects; OR ™ odds n tio  adjusted fbr age and sex-center intenction; CI *  confidence interval. 
tTwo-tailed P  value of test for linear trend.

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

Misclassification of nonsmoking status o f case and control 
subjects (i.e., confounding by active smoking) is an important 
potential source o f bias in studies o f lung cancer and ETS (1,22). 
We have three lines of evidence to address this issue.

First, we collected information on active smoking by case 
subjects and by control subjects, and, for inclusion in the study 
as a nonsmoker, we set a threshold of 400 cigarettes smoked 
during the entire Iife (i.e., about one cigarette per day for 1 year). 
Misclassification of smoking status is more likely to be present 
among such very light smokers than among nonsmokers. In our 
study, 164 case subjects and 438 control subjects (“ occasional 
smokers” ) reported ever consumption of fewer than 400 ciga-

rettes; their exclusion fix>m the analysis had minor consequences 
on the results (OR for exposure to spousal ETS = 1.15; 95% C1 
«  0.86-1.54).

Second, in the urinary cotinine study mentioned above (14), 
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 o f differ- 
ent factors that infiuence the magnitude of the possible bias from 
misclassification of smoking habits. If there is no true rísk re- 
lated to ETS exposure, a relative rísk of the magnitude o f that 
found in our study (i.e., 1.15) can be obtained assuming a mis- 
classification rate o f 2% (14), a proportion of smoking spouses 
of the order of 30%-50%, a proportion of smokers in the un- 
derlying population o f 20%-40%, a concordance ratio of 3, and 
a relative rísk o f smoking in the order of 10-20. While the first
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four assumptions may be reasonable, also in the context of our 
study, the magnitude of the effect of smoking is too high, since 
most misclassifted 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—mainJy the spouse— 
completed a short questionnaire aimed at validating the non- 
smoking status o f 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 o f smokers misclassified as nonsmokers affected 
our results.

Misclassification o f exposure to ETS is another important 
potential source o f bias (1,22). In the urinary cotinine study, we 
found a good correlation between reported exposure to ETS and 
cotinine level (14); however, this study could validate only the 
recent histoiy o f exposure. The results of the analysis of the 
interviews with relatives on ETS exposure conducted on & sub- 
group o f 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. Finally, differential misclassification of expo- 
sure (i.e., case subjects overreporting ETS exposure as compared 
with control subjects), if present in our study, would hardly 
explain the lack o f a positive association 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 o f categorical quantitative variabies) is a plausible source 
of bias in our study, as a result o f imperfect measures of all 
dimensions o f ETS exposure.

An important potential problem in studies on ETS and lung 
cancer is the l&ck of proper control for potential confounders 
other than active smoking. Authors have presented some evi- 
dence on differences ín 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 educational 
level used as a  proxy for socioeconomic status, occupational 
exposure to carcinogens, residence in urban areas, and low con- 
sumption of vegetabtes, explained the risks from ETS exposure 
either from the 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 3-carotene.

We conducted an analysis based on logistic regression mod- 
els that used the whole dataset, after controlling for the study 
center. An altemative approach would have been to analyze each 
center separately and to combine the center-specific risk esti- 
mates by use o f a random effects model, as is done in meta- 
analyses (29). Although we do not favor this latter approach,

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 Cls; e.g., the OR o f 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 theORs 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 1.48 (95% Cl = 
0.87-2.49) for the three categories shown in Table 5.

The available Iiterature on ETS exposure from the spouse and 
lung cancer is large [reviewed in (1-4)]. However, only six 
studies are available from Europe; two o f them, conducted in 
Greece (5,10), showed a twofold increase in risk for women ever 
married to a smoker. O f 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)—províded little evidence o f an association. 
The last study, also from Sweden (8), was the only one that 
presented results solely by level o f 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. 
Pershagen (30) combined the six studies and estimated an over- 
all relati ve risk of 1.47 (95% CI =  1.12-1.92), whereas the U.S. 
Environmental Protectíon Agency (EPA) (3) excluded the Greek 
studies and calculated a combined relative risk of 1.17 (90% CI 
=  0.84-1.62). Oursummary 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 Öie 
United States (31,32) also suggest a decrease in the risk firom 
ever spousal (or “ home” ) ETS exposure compared with previ- 
ous reports [see (3,30) for a review].

The evidence from the available European studies o f 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) provided evidence o f an increased risk related 
to exposure in childhood or adolescence. The remaining studies 
[see (34) for a review], however, failed to confirm this finding. 
In the light of the inconsistent findings of other studies, our 
results on childhood ETS exposure can be plausibly interpreted 
as sampling fluctuation around a relative risk o f  1 (noeffect) 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 (31) in showing a risk similar 
to that of spousa! exposure to ETS and a dose-response rela- 
tionship. The evideoce 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 pattem o f 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.

Tbe higher rísk found for both spousal and worlq)lace expo- 
sures to ETS for squamous cell carcinoma and small-cell carci- 
noma, compared with adenocarcinoma, was not statistícally sig- 
nificant but was consistent with the results of studies on ETS 
conducted both in Europe (8,10) and—for spousal ETS expo- 
sure—in the United States (31). However, the small size of 
particles in ETS would be consistent with a cðrcinogenic effect 
in the distant part of the lung, where adenocarcinoma preferen- 
tíally 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 duríng 
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. populatíons. The comparíson between our results and 
those of other studies conducted ín Europe is hampered by the 
limited amount of information available from the latter.

In conclusion, our study provides the most precise availabie 
estimate o f the effect of ETS on lung cancer risk in. westera 
European populations. We found no increased rísk for childhood 
exposure, a result consistent with most of the available data. The 
risk firom 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 
effect o f cessation of ETS exposure in previous European stud- 
ies does not enable us to expiore this explanation. There was also 
a nonsignificant dose-response relationship with duratíon o f ex- 
posure. We also found an association o f similar strength with 
workplace exposure. Dose-response relationships were more 
consistent and rísks were higher, although in most cases they 
were not statístically significant, wíth combined indicators of 
spousal and workplace ETS exposure.
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Mr J. Kdstijánsson
Minister of Health and Socíal Security 
Ministry of Health and Social Seciúity 
Vegmúla 3 
IS-150 Reykjavik

■' fFB 2008
15 February 2006

Dear Minister.

Our attention has been drawn to the debate in the Icelandic Paxliainent on 31 Januaxy this 
year in which teference has been made to the World Health Organization’s work on passive 
smoking. I would be grateful if you coxild advise those concemed of the following ínfonnation 
which is relevant to the statements made in Parliament.

The 1998 study referred to in Parliament was the subject of a strong media campaign by 
the tobacco industxy 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 Califomia, San Francisco were áble to have 
access to tobacco indnstry documents which gave details o f 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 joumal "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 soaght 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, v/hich 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, inthe USA 
3000 and in Europe 2500 cases of lung cancer annaally 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 Smokíng (2004) cleaxly 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 undermíne science and inte.rfere in sound policy development.

Yours sincerely

Denís G. Aitken
Assistant Director-General and Director. 
Office o f the Director-General
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