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tal tobacco smoke (ETS) and lung cancer. Several authors an
Background: An association between exposure to environ- regulatory agencies have concluded that a causal link has bee
mental tobacco smoke (ETS) and lung cancer risk has been established [e.gsee (1-3) whereas some authors consider that
suggested. To evaluate this possible association better, rebias and confounding factors constitute a plausible explanatior
searchers need more precise estimates of risk, the relativefor the observed association [e.gee (4). The available studies
contribution of different sources of ETS, and the effect of are—in most cases—too small to adequately assess the magr
ETS exposure on different histologic types of lung cancer. To tude of the effect and to address specific aspects, such as th
address these issues, we have conducted a case—control studgshape of the dose—response relationship, the effect of cessatic
of lung cancer and exposure to ETS in 12 centers from seven of exposure, the importance of multiple sources of ETS expo-
European countries. Methods: A total of 650 patients with sure, and the interaction of ETS exposure with other risk factors
lung cancer and 1542 control subjects up to 74 years of ageof lung cancer. Furthermore, relatively few studies of such ex-
were interviewed about exposure to ETS. Neither case sub-posure are available from Eurojfg-10). Characteristic of to-
jects nor control subjects had smoked more than 400 ciga- bacco smoking in European countries are the mixed consump
rettes in their lifetime. Results:ETS exposure during child- tion of blond and black tobacco cigarett€kl) and the low
hood was not associated with an increased risk of lung Prevalence—at least in the past—of smoking among women
cancer (odds ratio [OR] for ever exposure = 0.78; 95% con- compared with meif12).
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 affiliations of authors:P. Boffetta, G. Ferro, E. Riboli, International Agency
dose-response relationship could be demonstrated for cumu- for Research on Cancer, Lyon, France; A. Agudo, C. A. Gonzalez, Institute for
lative spousal ETS exposure. The OR for ever exposure to Epidemiological and Clinical Research, Mdta8pain; W. Ahrens, Institute for
workplace ETS was 1.17 (95% CI = 0.94—1.45), with possible Medical Informatics, Biometry and Epidemiology, Essen, Germany, and Bremen
. . . . . . . Institute for Prevention Research, Germany; E. Benhamou, Gustave Rouss
evidence Qf mcreas!ng 'I’ISk for Increasing ,d“ra“o,” of €xpo- Institute, Paris, France; S. Benhamou, National Institute of Health and Medical
sure. No increase in risk was detected in subjects WhoSeResearch, Paris; S. C. Darby, E. Whitley, Imperial Cancer Research Fund, Ox
exposure to spousal or workplace ETS ended more than 15 ford, U.K.; C. Fortes, Epidemiology Unit Latium Region, Rome, Italy; K.-H.
years earlier. Ever exposure to ETS from other sources was Jockel, Institute for Medical Informatics, Biometry and Epidemiology, Essen; M.
not associated with lung cancer risk. Risks from combined Kraus;, Intgrnational A_gency for Research.on Cancer, Lyon, and GSF In_stitute
. for Epidemiology, Munich, Germany; L. Kreienbrock, M. Kreuzer, H.-E. Wich-
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squamous cell carcinoma and small-cell carcinoma than for agministration, Lisbon, Portugal; F. Merletti, Unit of Cancer Epidemiology,
adenocarcinoma, but the differences were not statistically University of Turin, Italy; F. Nyberg, G. Pershagen, Institute of Environmental
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between childhood exposure to ETS and lung cancer risk. stitute for Prevention Research; G. Schmid, Forlanini Hospital, Rome, Italy; L.
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Since 1988, the International Agency for Research on Caneésmoker [mother= 1, father= 0.75, and other adults: 0.25; these weights

(IARC) has coordinated an international, multicenter, cas&®re based on studies of urinary cotinine concentrations in child&h Quan-
' f titgtive variables of exposure to ETS from the spouse within marriage as well as

control study of lung cancer in nonsmokers. The main Objectl\r/rom other cohabitants, such as partners and roommates, included the following

of this study was to provide an estimate of the risk of lung CaNCPine total number of years of exposure, denoted as duration (in years); 2) the
from exposure to ETS in western European populations thadduct of the number of years and the number of hours per day of exposure
would be more precise than estimates available at that tindenoted as duration (in hours/day x years); 3) the average number of cigarette
Secondary objectives of the study were to address more detafi@gked per day by the spouse in the presence of the index subject; and 4) th

o ulative exposure, expressed as pack-years and derived from the product ¢
aspects of the association between ETS and Iung cancer an\a;lﬁébles 1 and 3 listed above. Spousal cigar and pipe smoke represented a sm:

_StUdy the role of factors other than E_TS in |ur1g carcinogenesigction of total spousal ETS; the variables described above included exposure t
in nonsmokers. The study was designed originally to haveaitypes of tobacco products, expressed as cigarette-equivalents after applying

statistical power of 80% to detect a relative risk of 1.3 (at a 5%gight of 2 to cigarillos and 3 to cigars and pif@3). In preliminary analyses,

level of statistical significance) for an exposure with a prevgw_e use of variables restricted to exposure to cigarette smoke yielded results ver
lence of 40% and a control-to-case subject ratio of 2 (requirgﬁilar to those based on the use of variables combining all types of tobacco

. . a7 ducts. The analysis on spousal ETS exposure was repeated 1) after restrictic
number of case subjects, 572). Herein, we report the prinCipg@upjects ever married and 2) after taking into account also ETS of cohabitant:

findings of this study. Results of a study from Sweden thather than the spouse. Quantitative variables for workplace ETS exposure were
partially overlaps with ours have been published recefitB). as follows: 1) the total number of years of exposure and 2) the total number of
Detailed results of our multicenter study, stratified by sex, ag)@ars of exposure weighted for the number of hours of exposure per day and fol

. - . a Subjective index of smokiness of the workplace. We also derived indicators of
center, and histologic type, are available from IARC duration of exposure and time since cessation of exposure to either spousal ¢

workplace ETS.
SUBJECTS AND METHODS For each source of ETS exposure, case and control subjects who were neve
exposed to ETS from that source comprised the reference category. For eac

Twelve centers from seven European countries participated in a mumceni%rameterization of ETS exposure, exposed subjects were divided into three
case—control study of lung cancer in never smokers—Germany 1 (Bremen @Bbgories, defined by the 75th and 90th percentiles of the distribution among
Frankfurt metropolitan areas), Germany 2 (parts of North Rhine-Westphaligniro| subjects. The choice of the cut point at the 75th percentile was based or
Eifel, and Saarland), Germany 3 (Thuringia and Saxony), Sweden (StockhqlB results of a urinary cotinine study conducted in Germany and Poland, which
county), U.K. (Devon and Cornwall), Spain (Barcelona metropolitan area), ltaljowed a smaller degree of misclassification in the highest quartile comparec
1 (Turin), Italy 2 (five areas in the Veneto region), Italy 3 (patients from ongjith the three lowest quartiles of the distributi¢it8). We performed two-tailed
hospital in Rome), France (patients from 12 hospitals, of which nine are fgsts for linear trends by testing the significance of the regression parameter o
Paris), Portugal 1 (patients from three hospitals in Lisbon), and Portugal 2 (Ragrend variable that also included the reference category. The trend variable
tients from one hospital in Vila Nova de Gaia [Porto]). assumed the values corresponding to the median of each exposure catego

Details of the study design varied among the centers. The period of enrollmgmong control subjects.
of case and control subjects was from 1988 to 1994. The most important dif{ ogistic regression modeling was the main method chosen for the statistical
ference in the study design among the centers was the selection of confi@diysis. In some centers control subjects were individually matched to case
subjects. Control subjects were hospital based in the centers from France, B@hjects on sex and age, whereas in other centers frequency matching was tt
tugal, Spain, and one of the Italian centers (Italy 3); control subjects were bafategy of choice. Individual matching of case and control subjects requires the
hospital and community based in the center from the U.K.; and control subjegtfing of conditional regression models, whereas lack of individual matching
were community based in the other centers. Community-based control subj%ﬁmts the use of unconditional modelig). The results obtained by use of
were selected from population registers. The diagnoses of hospital-based conffigbnditional logistic regression for all centers and a combination of conditional
subjects varied among the centers, but patients with smoking-related disegsgstic regression for centers with individual matching and unconditional logis-
were excluded from the control series in all centers. There were minor diffgys regression for the other centef®0) were compared. The basic regression
ences among centers in terms of age restriction and diagnostic criteria for GagRyel comprised—in addition to the exposure variables of interest—terms for
eligibility. Some centers had no age restriction, whereas other centers excluggg 10-year age groups, center, and the interaction between sex and center. T
subjects aged 75 years or older. This combined analysis is restricted to casejgffision of the interaction terms resulted in an improvement of the goodness of
control subjects up to age 74 years. Smokers were studied in all but the Poffitsf most of the regression models. Additional terms—entered into the regres-
guese centers. In selected centers, case subjects without a histologic or a &ffr models as potential confounders—were educational level (as a variable witt
logic diagnosis were also included. three categories based on center-specific cut points), proportion of life spent in

Case and control subjects were interviewed by use of a common questionngigsyn areas, occupational exposure to lung carcinogens, and intake of veg
designed to gather details on ETS exposure during childhood and during adé’i&bles,[a-carotene, total carotenoids, and retinol.
hood at home, at the workplace, in vehicles, and in public places. The questionthe statistical significance of the difference among the center-specific results
naire had been developed on the basis of the results of a study on urinary cotigjag evaluated by a comparison of the deviance of the basic regression model an
levels and ETS exposu(@4). The common questionnaire also included sectiongat of an expanded model containing the interaction term between exposure an
on demographic variables, residential history (including a history of the subjectgnter. Additional analyses were performed after case and control subjects wer
cooking and heating arrangements), and exposure to known and suspectedifded according to 1) sex, 2) histologic type of cancer (squamous cell carci-
cupational lung carcinogerd5). In addition, the centers from Germany, Swe-noma, small-cell carcinoma, adenocarcinoma, and other, mixed and undefine
den, Spain, the U.K., France, and one center from Italy collected information RRtologic types), 3) whether subjects spent more than 75% of their life in urban
dietary habits—from which were derived indicators of intake of vegetablegy in rural areas, and 4) source of control subjects (centers with hospital-basec

fruits, B-carotene, total carotenoids, and retinol. and with population-based control subjects).
A screening questionnaire was used to determine the history of smoking by

case and control subjects, and emphasis was placed on quantifying occasignal
smoking. Only those subjects who reported that they had not smoked more tﬁgﬁ LTS

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 indexThe database for the analysis contained 650 patients with
subject. This validation was done by interviewing independently a next of kin ‘?l']ng cancer, of whom 627 (96.5%) had microscopically con-

his or her smoking habits and those of the index subject. . . .
Quantitative variables used for childhood ETS exposure (exposure up to ; éned disease, and 1542 control subjects. The reSpO_nse rate fc
18 years) included the number of smokers in the household and the cumulaf}€ centers ranged from 55% to more than 95%, with the ex-

exposure—expressed as the number of years of exposure weighted for the g@ption of three centers (Germany 2, Germany 3, and Portugal 2
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in which the response rate among control subjects was lovascording to cumulative exposure, expressed either as smoke!
than 50%. Two of the German centers and the centers in Swears or weighted smoker-years (Table 2). The risk of lung
den, France, and Spain contributed the largest numbers of ceaecer from exposure to ETS during childhood was similar in
subjects (Table 1). Of the case subjects and the control subjenten and women. No pattern emerged according to age at diag
21.7% and 34.4%, respectively, were men. The distribution nésis or histologic type of lung cancer.
age was very similar among case and control subjects: The mearResults similar to those based on the whole study population,
age was 58 years in male case subjects and 59 years in nadileough more unstable because of small numbers in the variou
control subjects; the corresponding value for both female cassegories, were obtained after exclusion of men (Table 2) or
and control subjects was 62 years. Adenocarcinoma was Hubjects who reported exposure to ETS during adulthood. Wher
most common histologic type (51.2% of case subjects), whereagosure to ETS in childhood was subdivided into two peri-
squamous cell carcinoma accounted for 16.8% and small-aedis—from birth (age 0 years) to 10 years and from age 11 year:
carcinoma for 10.8% of case subjects. to 18 years—to take into account the different status of the
In a comparison between the unconditional and the mixgdowth of the lung, the results for either period were similar to
conditional/unconditional approaches for multivariate logistithose for childhood overall.
regression, the results were very similar for most of the variables
analyzed (Fig. 1). In the following sections, only results basdtkposure to ETS From the Spouse

on unconditional regression modeling are reported.

. The ORs for subjects who were ever married to a smoker
Childhood Exposure to ETS were 1.27 (95% Ck 1.00-1.62) in the overall population, 1.20

A total of 389 case subjects and 1021 control subjects ©®5% CI = 0.92-1.55) among women, and 1.65 (95% €I
ported ever having been exposed to ETS during childhood, f85-3.18) among men. A related variable, self-reported expo-
an overall odds ratio (OR) of 0.78 (95% &1 0.64—0.96) (Table sure to spousal smoke, was used as the main indicator for thi
2). In all but three centers, the OR was below 1.0 (Fig. 2, A). Tls®urce of ETS; 344 case subjects and 700 control subjects re
P value of the test for heterogeneity among centers was .4@rted ever having had such exposure, yielding an OR of 1.1€
Subjects’ fathers were more likely to be smokers than subject85% CI = 0.93-1.44) (Table 3). The 12 centers in the study
mothers. The risk estimate was similar for exposure to ETS frashowed some heterogeneity in the risk estimate for this variable
the father and the mother; the estimated OR for exposure to EW@&h an OR higher than 1.5 in four centers and an OR lower than
from the father was 0.76 (95% G+ 0.61-0.94), whereas that0.7 in one center. The tests of heterogeneity performed on cen
for exposure to ETS from the mother was 0.92 (95% €I ter-specific results, however, did not suggest significant differ-
0.57-1.49). There was no trend in risk according to number eficesP = .42). The exclusion of case and control subjects who
smokers in the household, and there was a decreasing tremde 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% Cl= 0.92-1.51). Most of the

Table 1. Selected characteristics of case and control subjects . ;
exposure came from cigarettes; 12 case subjects and 27 contr

Case subjects Control subjects  subjects were exposed to ETS from cigar and pipe only.
(n = 650) (n=1542) There was an increasing risk of lung cancer with increasing
No. % No. %  duration (in hours/day x years) of exposure (Table 3), whereas
Study center only weak evidence of a trend gmerged for cumL_JIatlve exposure
Sweden 70 10.8 112 7.3 no trend was present for duration of exposure (in years) and fol
Germany 1 76 11.7 229 14.9 average exposure (cigarettes/day). When we repeated the test f
Germany 2 142 218 163 106 trend without the reference category, fealues were .004 for
Germany 3 31 4.8 52 3.4 . . gory, ’
UK. 26 4.0 140 9.1 duration (in hours/day x years) of exposure and .07 for cumu-
France 7 118 151 9.8 lative exposure. These results were similar, although less pre
Portugal 1 49 5 39 25 ¢ise, when the analysis was restricted to women (Table 3)
Portugal 2 33 5.1 53 3.4 * : Yy -
Spain 71 10.9 159 10.3 The analysis by type of tobacco product smoked by the
:ta:y; ‘118 g-g i% 1‘113 spouse was hampered by the small number of case and contre
taly . . . . .
Italy 3 16 55 50 35 Subjects who r_epor_ted exposure to smoke from cigar and pipe
Sex only. The OR in this group was 0.84 (95% GI 0.41-1.73),
Female 509 78.3 1011 65.6 Whereas the ORs for ever exposure to ETS from cigarettes wer
Male 141 21.7 531 34.4 similar to those for ever exposure to ETS from any type of
Age, y tobacco product.
<55 165 25.4 361 23.4 Other potential risk factors of lung cancer exerted only a
55-64 210 32.3 552 358 . foundi ff h iation b
6574 575 123 629 20,8 Minor confounding effect on the association between exposure

Histologic type to spousal smoke and lung cancer. As an example, the OR fo

Squamous cell carcinoma 109 16.8 — — ever exposure to spousal ETS (1.16 [95% €10.93-1.44],
Adenocarcinoma 333 51.2 — — Table 3) was modified to 1.18 (95% G 0.94-1.46) after
gﬁi‘:’ﬁ?s"mﬁﬁg'cnfy?g 2 108 — — further adjustment for exposure to suspected or known occupa
Unknown 23 35 — — tional lung carcinogens, to 1.15 (95% GI 0.91-1.45) after

adjustment for urban, rural, or mixed urban and rural residence
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1.16 115 114 1.1
{0.98-1.22] [0.52-1.371 0.8A-1.47)  [1.35-1.43)

Fig. 1. Results of comparisons of exposure to en
vironmental tobacco smoke for childhood, spousd,
workplace, and spouse or workplace, by use of tw
different approaches: (1) unconditional logistic re-
gression adjusted for age and for interaction bet
tween sex and center and (2) combination of unf
conditional logistic regression in centers without
individual matching and conditional logistic re-
gression stratified on the matched sets in centefs
with individual matching.

11 2

117 114

0.78 051
(0.64-C.96)  (C.6E-C-99)

Odds ratio (95% caonfidence interval)
—
i
——
—e—i
&
=
£

Childhoad Spouse Workplace Speuse or Werkplace

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% Cl  trendt

Ever exposed

No 252 496 1.00 Referent 187 295 1.00 Referent
Yes 389 1021 0.78 0.64-0.96 314 700 0.77 0.61-0.98
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 0.80 0.64-0.99 243 528 0.76  0.59-0.98
2 52 191 0.63  0.44-0.90 43 117 0.69 0.46-1.04
=3 32 80 1.05 0.65-1.70 .24 28 55 1.13 0.67-1.91 .54
Missing values 9 25 8 16

Cumulative exposure (weighted smoker-yearst)
0 252 496 1.00 Referent 187 295 1.00 Referent
0.1-14.0 248 582 0.83 0.66-1.04 193 394 0.78 0.60-1.02
14.1-18.0 104 332 0.68 0.51-0.92 93 239 0.73 0.53-1.02
=18.1 37 107 0.80 0.51-1.24 .02 28 67 0.90 0.54-1.50 .10
Missing values 9 25 8 16

*OR = odds ratio adjusted for age and sex—center interactiors @onfidence interval.
tTwo-tailedP value of test for linear trend.
FSeetext for details on weights.

during the last 35 years, and to 1.14 (95%=€10.89-1.45) after 0.77-1.91]; OR for small-cell carcinoma fa 39] = 1.39 [95%
adjustment for consumption of vegetables above or below tB8¢ = 0.79-2.45]; and OR for adenocarcinoma fn174] =
median level. 1.08 [95% CIl= 0.82-1.42]). For all major histologic types, a
When study subjects were stratified by sex, the OR for evdose—-response relationship was suggested with cumulative e»
exposure to spousal smoke was 1.47 (95%=10.81-2.66, posure and duration (in hours/day x years) of exposure to spou
based on 23 exposed case subjects and 68 exposed control sabsmoke (results not shown). This pattern was visible more
jects) among men, compared with 1.11 (95% €10.88-1.39) clearly for squamous cell carcinoma than for adenocarcinoma
among women (Table 3). The small number of exposed m&he small number of cases of small-cell carcinoma limited the
hampered more detailed quantitative analyses. When we strptiecision of the risk estimates for this histologic type.
fied the data by age of the subject at interview, no increase in The questionnaire included questions on smoking habits of
risk was present among subjects aged less than 55 years=(ORohabitants other than the spouse during the adult life of the
0.99; 95% Cl= 0.64-1.52), whereas the ORs were 1.19 (95%iudy subjects. A total of 44 (6.8%) case subjects and 123 (8.0%
Cl = 0.80-1.76) among subjects aged 55-64 years and 1&mitrol subjects who were not exposed to spousal smoke re
(95% CI = 0.89-1.75) among subjects aged 65—-74 years. ported this source of exposure to ETS. The risk estimates fron
The association between lung cancer and exposure to E¥§osure to ETS from any cohabitant tended to be somewha
from the spouse was nonsignificantly stronger for squamous deliver than those from exposure to spousal smoke only (OR for
carcinoma and small-cell carcinoma than for adenocarcinomeer exposed= 1.10 [95% Cl= 0.88-1.36]; ORs for cumula-
(OR for squamous cell carcinoma fa 59] = 1.21 [95% Cl= tive exposure= 0.96 [95% Cl= 0.74-1.23] for 0.1-13.0 pack-
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1.17; 95% Cl= 0.67-2.04), although this differ-
A 10 - AR ence was not statistically significant. The poten-
tial confounders—educational level, residence in

0.25 . . _
- o Joe urban areas, exposure to occupational carcino

o @ietse ) - ' ; gens, and intake of vegetables, retinoids, and ca-
02 ms- £s {0:27-1.20) rotenoids—had no appreciable effect on the ORs

12.25-0.32)

1 [ N S AR 1 of exposure to ETS at the workplace.
2.94 cE2

'!

+

: 209 N i

;. e 0 Combined Spousal and Workplace ETS
: - 19532 26] N BRASE
077 -

L5182

0.51-1 75 0.51-1.5; Exposure

ID-JZ -E. E1'I

Odds ratio (85% confidance intervaly

Ever exposure to either of the two major
01 4 sources of ETS—the spouse and the workplace—
I I Tom & was associated with an OR of 1.14 (95% €l
P A & & e B P L
@‘?‘bﬂ '59(‘ & o ﬂfi’ qt""’ﬂ (9'3? \,90? %Q @ & & o¥ 0.88-1.47) (Table 5); there was no significant
UG e < heterogeneity among cente® & .82) (Fig. 2,
N B). A weak increase in lung cancer risk was pre-
sent for increasing duration of exposure (Table
B 10 - o 5). The trend was stronger for duration (in hours/
i i in the analysis restricted to women (Table 5).

122 ' ’ 112
.98 10.46-2.55)
I .;0_33.1.35:-[ . b Having had past ETS exposure from either of

662 250 - 110 1.5 567 day x years) of exposure and was present also
[2.40-1 55! -l- [
. . 1 these two sources, but no exposure for at least 15
ot s * 11 years, was not associated with an increased risk
229 (2715 67) 9.716.80! - s AT of lung cancer (Table 5). The ORs of exposure to

pee 095 823 W L either source were similar in men (OR 1.13;
vz pey  [2A004E) 95% CIl = 0.68-1.89) and women (OR 1.15;
95% CIl = 0.86-1.55) and were higher among sub-
jects aged 65 years or more than among younger
& € & 00@0&5‘3 o \@' o P Jsubjectgs. y g young
AN N Duration (in years) and duration (in hours/
S day x years) of exposure to ETS from either
source were associated with an increased risk
Fig. 2. Center-specific odds ratios and 95% confidence intervals (bars) for environmental tobagfosquamous cell carcinoma and small-
smoke exposured) Childhood environmental tobacco smoke. Test for heterogeneity among cgis|| carcinoma but not of adenocarcinoma

Lu2 . P — i i .
ters:x* = 10.45; degrees of freedom (d§ 11; P = .49.B) Combined environmental tobacco (Table 6). For both squamous cell carcinoma

smoke from the spouse or at the workplace. Test for heterogeneity among cghters.76; df . S .
—11:P — 82, and small-cell carcinoma, a decrease in risk with

time since cessation of exposure was present

(Table 6).
years, 1.02 [95% C¥ 0.66-1.59] for 13.1-25.0 pack-years, and
1.37 [95% Cl= 0.85-2.20] for=25.1 pack-years). Exposure to ETS in Vehicles and Public Indoor Settings

Cdds ratio (95% confidence intorval}
1

0.1

K &

O P L T S
e

F S S
&

The results for variables representing two further sources of
exposure to ETS—vehicles and other public indoor settings—

A total of 374 case subjects and 855 control subjects reportedre not consistent among the centers. The range of centel
ever exposure to ETS at the workplace, yielding an OR of 1.5pecific ORs for exposure in vehicles (based on a total of 125
(95% CIl = 0.94-1.45) (Table 4). The risk estimates in eighgxposed case subjects and 310 exposed control subjects) rang
centers were above 1.0, and the risk estimates showed no & 0 to 2.85, with an overall estimate of 1.14 (95% €l
tistically significant heterogeneity(= .23). The trend analyses0.88—1.48). The range of estimates for ETS exposure in public
for weighted duration of exposure, but not for unweighted dindoor settings such as restaurants (174 exposed case subjec
ration of exposure, showed an increasing risk in the whole studgd 454 exposed control subjects) was 0.24-2.32, with an over
population as well as in women (Table 4). Exposure at the wordH estimate of 1.03 (95% C& 0.82-1.29). Analyses by dura-
place resulted in a similar risk estimate in men (@R 1.13 tion of exposure did not suggest any consistent pattern for eithe
[95% CI = 0.68-1.86], based on 105 exposed case subjects arfidhese two sources of exposure to ETS.
379 exposed control subjects) and in women (8RL.19; 95%
Cl = 0.94-1.51); a similar pattern was found for duration o
exposure to ETS at the workplace. No pattern was found ac-The results of our study of the risk of lung cancer from ETS
cording to age at interview. The OR of ever exposure to ETSiatseveral European countries showed a reduced risk for expo
the workplace was higher for squamous cell carcinoma R sure during childhood and a measurable effect of exposure tc
1.27; 95% Cl= 0.82-1.97) than for adenocarcinoma (GR ETS from the spouse and at the workplace, in particular when
1.06; 95% CIl= 0.81-1.40) or small-cell carcinoma (OR these two sources were combined to better represent total adu

Exposure to ETS at the Workplace

ISCUSSION
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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 1.00 Referent
Yes 344 700 1.16 0.93-1.44 321 632 111 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
1-34 223 498 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 98 157 1.06-2.31
=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

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 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 values 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
Missing values 87 215 84 193

*OR = odds ratio adjusted for age and sex—center interactiors= @onfidence interval.
tTwo-tailedP value of test for linear trend.

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% CI trendt subjects subjects OR 95% CI  trendt

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
Missing values 0 0 0 0

Duration of 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 47 150 0.93-2.43
=39 39 91 1.19 0.76-1.86 21 20 29 124 0.67-2.28 .10
Missing values 2 1 1 1

Duration of exposure (levelt x 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 47 105 141 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 interactiors= @onfidence interval.
tTwo-tailedP value of test for linear trend.
$Seetext for details.

exposure. Statistically significant results were the reduced rike since last exposure suggested no increase in risk when
from childhood exposure and the increasing trend in risk féwng time (i.e.,=15 years) had elapsed since cessation of expo-
weighted duration of exposure to ETS from the spouse or at thare.

workplace. Vehicles and public indoor settings did not represent An important aspect of our study in relation to previous stud-
an important source of ETS exposure. The analysis accordingds is its size, which allowed us to obtain risk estimates with
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Table 5. Odds ratios of lung cancer from 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% CI  trendt  subjects subjects OR 95% CI  trendt
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 of 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
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 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
0-2% 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 interactiors= @onfidence interval.
tTwo-tailedP value of test for linear trend.
FIncluding current exposure.

good statistical precision, to separate sizable groups of case aizé of the estimated effect of ETS exposure at the workplace,
control subjects with high exposure to ETS, and to conducompared with ETS exposure from the spouse, is consistent witt
analyses after stratification for histologic type. However, odindings of a validation study14) that we conducted among
power calculation was based on an expected difference in rkme 1300 women from 13 centers (including some centers
from ETS exposure that was greater than that which we gbarticipating in this study) that the workplace was the strongest
served. Although we did not use an objective marker of past Ep&dictor of urinary cotinine after smoking by the spouse.
exposure, we conducted a detailed assessment of exposure td/e identified some potential methodologic problems in our
ETS from various sources. In addition, we controlled for mostudy. Some aspects of the design of the study and, in particular
potential confounders, and we validated the smoking statustbé criteria for selection of control subjects differed among cen-
the index subject and the spouse in a subgroup of case #ers. Although several authors consider hospital-based studies i
control subjects. general more prone to selection bias than community-basec
The lack of full consistency of the results among the centestudies(21), the former studies may offer less opportunity for
may limit the strength of our findings and the conclusions wecall bias and, therefore, differential misclassification of expo-
can derive from them. However, we think that the combinezlire(21). We addressed this issue by comparing the results from
dataset provides the most valid information on ETS-relatetibsets of centers defined according to their criteria for selectior
risks. We based our conclusion on the following arguments: @) control subjects, and we found only small differences. For
We designed the study as a multicenter investigation and mad@mple, the OR for ever spousal or workplace exposure was
efforts to acquire the same information from case and conttbll2 (95% Cl= 0.75-1.66) in centers with hospital-based con-
subjects in the different centers; 2) although not fully consistetitol subjects and 1.13 (95% C& 0.80-1.61) in centers with
the differences in the center-specific results were—in mosbmmunity-based control subjects.
cases—not statistically significant, and some random variability The response rate differed among centers, but there was n
is inherent in comparisons between subgroups; 3) results wegkationship between the response rate and the log ORs of eve
more consistent for variables that combined exposure to spousgbosure to ETS during childhooB ¢alues of linear regression
and workplace ETS, which suggested that different degreesforf response rateP = .23 in case subjects arfd = .51 in
misclassification in exposure contributed to center differenceyntrol subjects), ever exposure to spousal EPSH .46 for
and 4) we were not able to identify any obvious clustering afase subjects ariel = .80 for control subjects), or ever exposure
studies with different results related to aspects of design (e ETS at the workplace?(= .63 for case subjects aftl= .71
centers with hospital-based control subjects and centers wfitih control subjects).
community-based control subjects). The fact that the study wasWe did not require cytologic or histologic verification of lung
conducted in countries that use different languages might hasancer as a criterion for inclusion in the study; however, this
also contributed to the heterogeneity of the results. The similaformation was available for more than 96% of the cases. Re-
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Table 6. Odds ratios of lung cancer from combined exposure to environmental tobacco smoke from the spouse and at the workplace, by histologic typ

Histologic type

Adenocarcinoma Squamous cell carcinoma Small-cell carcinoma Other types
Ever exposed
N 267 92 56 95
OR 1.01 1.57 1.19 1.20
95% ClI 0.73-1.40 0.89-2.76 0.62-2.30 0.70-2.04
Duration of exposure (in years)
0.1-36.0
N 190 59 33 69
OR 1.02 1.46 1.01 1.27
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% ClI 0.59-1.53 1.03-4.51 0.61-4.04 0.68-2.90
=43.1
N 33 13 13 8
OR 111 1.99 2.03 0.83
95% ClI 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% ClI 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 1.18
95% ClI 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)
=151
N 64 23 12 16
OR 0.88 1.38 0.71 0.75
95% ClI 0.53-1.32 0.70-2.74 0.31-1.65 0.37-1.52
2.1-15.0
N 7 27 23 42
OR 0.94 1.53 1.45 1.59
95% ClI 0.63-1.39 0.79-2.97 0.69-3.06 0.88-2.86
0.1-2.0
N 113 39 19 34
OR 1.06 1.68 1.44 1.14
95% CI 0.73-1.54 0.50-3.16 0.65-3.19 0.62-2.11
P for trendt .61 A1 14 .25

*N = number of exposed case subjects; @Rodds ratio adjusted for age and sex—center interactions= @onfidence interval.
tTwo-tailedP value of test for linear trend.

striction of the analysis to histologically verified cases had miettes; their exclusion from the analysis had minor consequence
nor effects on the risk estimates: The OR for spousal or worein the results (OR for exposure to spousal E¥4.15; 95% CI
place exposure was 1.11 (95% €&l 0.86-1.43). = 0.86-1.54).

Misclassification of nonsmoking status of case and control Second, in the urinary cotinine study mentioned ab@®,
subjects (i.e., confounding by active smoking) is an importa@6 (1.9%) of 1369 women had cotinine levels above 100 ng/mg
potential source of bias in studies of lung cancer and EBT&2). creatinine and were classified as potentially false-negative cur-
We have three lines of evidence to address this issue. rent smokers. Lee and For¢®3) discussed the effect of differ-

First, we collected information on active smoking by casent factors that influence the magnitude of the possible bias from
subjects and by control subjects, and, for inclusion in the studyisclassification of smoking habits. If there is no true risk re-
as a nonsmoker, we set a threshold of 400 cigarettes smolkadd to ETS exposure, a relative risk of the magnitude of that
during the entire life (i.e., about one cigarette per day for 1 yeafdund in our study (i.e., 1.15) can be obtained assuming a mis-
Misclassification of smoking status is more likely to be presentassification rate of 2%14), a proportion of smoking spouses
among such very light smokers than among nonsmokers. In @dirthe order of 30%—-50%, a proportion of smokers in the un-
study, 164 case subjects and 438 control subjects (“occasiodatlying population of 20%—-40%, a concordance ratio of 3, and
smokers”) reported ever consumption of fewer than 400 ciga-relative risk of smoking in the order of 10-20. While the first
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four assumptions may be reasonable, also in the context of sirrce our study was conducted by use of the same methodolog
study, the magnitude of the effect of smoking is too high, sinde the different centers, the meta-analysis approach leads to ver
most misclassified subjects are light smokers or long-term qusimilar results, although with wider Cls; e.g., the OR of ever
ters (24). A more realistic relative risk of smoking of 24) exposure to spousal ETS was 1.13 (95%=€10.87—1.47), the
would result in a relative risk due to misclassification of th@©R of ever exposure to ETS at the workplace was 1.14 (95% CI
order of 1.01-1.02, all other assumptions being equal. In adei-0.87-1.49), and the ORs of duration (in hours/day x years) of
tion, we conducted a validation study based on cross-interviewssposure to spousal or workplace ETS were 0.87 (95%=Cl
for 408 subjects enrolled in three centers, of whom 50 were r@b5-1.18), 1.34 (95% Ck 0.74-2.42), and 1.48 (95% Gt
included in this analysis, a next of kin—mainly the spouse-6.87-2.49) for the three categories shown in Table 5.
completed a short questionnaire aimed at validating the non-The available literature on ETS exposure from the spouse anc
Smoking status of the index Subjdﬁs) Misclassification on |ung cancer is |arge [reviewed |('ﬂ__4)] However, On|y SiX
never-smoking status in this sample was 1.2%, based on onfjies are available from Europe; two of them, conducted in
175 case subjects and four of 233 control subjects, none ®feece(s,10),showed a twofold increase in risk for women ever
whom was classified as a current smoker. It is thus unlikely thafarried to a smoker. Of the other studies, one from Scot(@nhd
the inclusion of smokers misclassified as nonsmokers aﬁec%vided very unstable risk estimates of the same magnitude a
our results. . , the Greek studies and two—one from the U(B) and the other
Misclassification of exposure to ETS is another importag{ym, sweden(9)—provided little evidence of an association.
potential source of biadl,22).In the urinary cotinine study, we 14 |ast study, also from Swedd8), was the only one that

found a good correlation between reported exposure to ETS "fﬂgsented results solely by level of exposure and showed nc

cotinine !evel(14); however, this study could validate OF"V theoycess risk below exposure to ETS from 15 cigarettes per day o
recent history of exposure. The results of the analysis of t

intervi ih relati ETS ducted 30 years and a threefold excess above these exposure level
INterviews with refatives on exposure conducted on a s ershagei@30) combined the six studies and estimated an over-
group of 213 case and control subjects from one center in tly

. A relative risk of 1.47 (95% Ck 1.12—1.92), whereas the U.S.

study(25) showed a very good correlation between the smoki (_eat € nsko .(95 6 C 92), whereas the U.S

4 . vironmental Protection Agency (EPAJ) excluded the Greek

status and the cumulative consumption by the spouse and the,. . o

. . . udies and calculated a combined relative risk of 1.17 (90% ClI
information reported by the study subjects (Spearman correla-

tion coefficient= .92), without a difference between case and 0.84-1.62). Our summary OR is compatible with the EPA

control subjects. Finally, differential misclassification of expogstlmate. . : .
he fact that most subjects in our study reported having

sure (i.e., case subjects overreporting ETS exposure as compare d their ETS f th tth kol
with control subjects), if present in our study, would hardl?n ed their exposure from the spouse or at theé workpiac

explain the lack of a positive association with childhood exp(§_everal years before the interview may help to explain why the

sure. If differential misclassification of ETS exposure is ur2Verall risk estimate for ever spousal smoking was somewha

likely, nondifferential misclassification (resulting in decreaselfWer in this study than in previous investigations, such as the
risk estimates in dichotomous variables and in the highest cidies from Greecgs,10)that were conducted in a population
egory of categorical quantitative variables) is a plausible soutfeWhich most subjects classified as exposed to spousal ETS
of bias in our study, as a result of imperfect measures of 4fgré currently exposed. Results obtained from studies in the
dimensions of ETS exposure. United Stateq31,32)also suggest a decrease in the risk from
An important potential problem in studies on ETS and lun@ver spousal (or “home”) ETS exposure compared with previ-
cancer is the lack of proper control for potential confoundef$!s reportsgee (3,30for a review].
other than active smoking. Authors have presented some evi-1he evidence from the available European studies of an as
dence on differences in habits other than smoking in househof@§iation between ETS exposure during childhood and lung can;
with and without smoker§26,27).1n particular, Whichelow et Cer risk is inconsisten(8,9). Among the non-European studies,
al. (28) addressed this issue in a European population and #@nerich et ak33) provided evidence of an increased risk related
ported a healthier diet by nonsmokers than by smokers in figeexposure in childhood or adolescence. The remaining studie:
U.K. We found no evidence that other known or suspected rifkee (34)or a review], however, failed to confirm this finding.
factors of lung cancer and their correlates, such as educatiolathe light of the inconsistent findings of other studies, our
level used as a proxy for socioeconomic status, occupationesults on childhood ETS exposure can be plausibly interpretec
exposure to carcinogens, residence in urban areas, and low @msampling fluctuation around a relative risk of 1 (no effect) and
sumption of vegetables, explained the risks from ETS exposule not allow us to conclude that ETS exposure during childhood
either from the spouse or at the workplace. In particular, ri® protective against lung cancer.
association was present among control subjects between smokOur results on the effect of ETS exposure at the workplace
ing status of the spouse and consumption of vegetables, grparallel those of a large U.S. stu®1) in showing a risk similar
vegetables, and fruits and amount of intake3edarotene. to that of spousal exposure to ETS and a dose—response rel:
We conducted an analysis based on logistic regression mtidnship. The evidence on workplace exposure to ETS from
els that used the whole dataset, after controlling for the studther studies, in particular from other European studies, is not
center. An alternative approach would have been to analyze eaohsistent $ee (30)for a review]. A few studies have reported
center separately and to combine the center-specific risk es#isults on ETS exposure in public indoor settings; in particular,
mates by use of a random effects model, as is done in mett@o studies(6,35) showed no clear pattern of risk, whereas a
analyseg29). Although we do not favor this latter approachlarge U.S. study31) reported an increased risk for exposure in
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social settings and a positive relationship with duration of ext0) Kalandidi A, Katsouyanni K, Voropoulou N, Bastas G, Saracci R, Tricho-
posure. poulos D. Passive smoking and diet in the etiology of lung cancer among

: : non-smokers. Cancer Causes Control 1990;1:15-21.
The hlgherfnSk found for bOItIh quusal and (\jNOI’kplllace”eXp 11) Berrino F, Merletti F, Zubiri A, Del Moral A, Raymond L, Esteve J, et al.
sures to ETS for squamous ce (?arc'noma an Sma_ 'C.e Car. N comparative study of smoking, drinking and dietary habits in population
noma, compared with adenocarcinoma, was not statistically sig- samples in France, Italy, Spain and Switzerland. II. Tobacco smoking. Rev
nificant but was consistent with the results of studies on ETS Epidemiol Sante Publ 1988;36:166—76.
conducted both in Europ€,10) and—for spousal ETS expo-(12) Amos A. Women' and smoking. Br Med Bull 1996;52:74-89. .
sure—in the United Stateg31). However, the small size of (13) NybergtFl' tAgre”'us V. ks"artgr;gre” K, Svensson C, E ers“jge”f - Envi-

: ; : ; . . ronmental tobacco smoke and lung cancer in nonsmokers: does time sinc
parﬂclzg in ETS Wo]tjlcri] ble consur;]tent Wo|lth a carcinogenic ?ffect exposure play a role? Epidemiology 1998:9:3018.

'n the distant part of the lung, where a e_nocarc_moma pre er?_ﬂi) Riboli E, Preston-Martin S, Saracci R, Haley NJ, Trichopoulos D, Becher
tially occurs. It should also be noted that, in studies conducted in' W, et al. Exposure of nonsmoking women to environmental tobacco smoke:
China(36,37),a higher risk was found of adenocarcinoma com-  a 10-country collaborative study. Cancer Causes Control 1990;1:243-52.
pared with other histologic types. (15) Boffetta P, Saracgi R. Occupational fgctors of Iung_cancer. In:. Hirsch A

When taken together, our results on exposure to ETS during Go'dbeﬁ M’Y'V'akf_“RAJP' :\ASSEE Ff’l%dégif& z;e\éesntmﬂ of respiratory dis-
adulthood are in agreement with the available evidence and, jo cases. INew vork. Varcet UEKKer, 2993. p. S/=0s. »

. . ) . ( Jarvis MJ, McNeill AD, Bryant A, Russell MA. Factors determining ex-
pa}rtlcular, W'th Iarge StUd|e§ from the United Ste(t@S,SZ).We posure to passive smoking in young adults living at home: quantitative
think that minor discrepancies between the two studies, such as analysis using saliva cotinine concentrations. Int J Epidemiol 1991;20:
a somewhat stronger effect of spousal smoking in the U.S. stud- 126-31.
ies and the lack of an effect of “social” sources in our Stud)ﬁ,ﬂ) International Agency for Re_search on.Cance.r. Tobacco smpking. In: IARC
reflect differences in Smoking patterns between the European monographs on the eyaluatlon of carcinogenic risk of chemicals to humans,
and U.S. populations. The comparison between our results vol 38. Lyon: International Agency for Research on Cancer; 1986. p. 55.
h ’ f. php di ’ d % in E is h db T}[P; Becher H, Zatonski W, Jockel KH. Passive smoking in Germany and
those of other studies conducted in Europe is hampered by the pojand: comparison of exposure levels, sources of exposure, validity, and
limited amount of information available from the latter. perception. Epidemiology 1992;3:509-14.

In conclusion, our study provides the most precise availakli®) Breslow NE, Day NE. Statistical methods in cancer research, Volume
estimate of the effect of ETS on |ung cancer risk in western |—The analysis Of case—control studies. |ARC Sci Publ 1980;32:5-338.
European populations. We found no increased risk for childho&g) Moreno V. Martin ML, Bosch FX, de Sanjose S, Torres F, Munoz N.

xposure. a result consistent with most of the available data. The Combined analysis of matched and unmatched case—control studies: com
e_ p ! ) e parison of risk estimates from different studies. Am J Epidemiol 1996;143:
risk fr_om ever exposure to spousal ETS was Cons!stent W|_th the 293_300.
combined available evidence from European studies, but it w@as) Wacholder S, Silverman DT, McLaughlin JK, Mandel JS. Selection of
lower than some previous estimates—a result that could be ex- controls in case—control studies. Il. Types of controls. Am J Epidemiol
plained by the large number of subjects whose exposure to ETS 1992:135:1029-41. _ _ _ . .
ended several vears earlier. The lack of reported results on %Zé Lee PN. Misclassification of smoking habits and passive smoking: a review

Y ) . p of the evidence (Int Arch Occup Environ Health Suppl). Berlin: Springer;

effect of cessation of ETS exposure in previous European stud- 1gsg.
ies does not enable us to explore this explanation. There was d@sp Lee PN, Forey BA. Misclassification of smoking habits as a source of bias
a nonsignificant dose—-response relationship with duration of ex- in the study of environmental tobacco smoke and lung cancer. Stat Med

posure. We also found an association of similar strength with 1996:15:581-605. _ e .
kplace exposure. Dose—response relationships were m%f% Nyberg F, Isaksson |, Harris JR, Pershagen G. Misclassification of smoking
WOrkp P : p p status and lung cancer risk from environmental tobacco smoke in never-

consistent and risks were higher, although in most cases they smokers. Epidemiology 1997:8:304-9.
were not statistically significant, with combined indicators of5) Nyberg F, Agudo A, Boffetta P, Fortes C, Gonzalez CA, Pershagen G. A

spousal and workplace ETS exposure. European validation study of smoking and environmental tobacco smoke
exposure in nonsmoking lung cancer cases and controls. Cancer Cause
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