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Abstract
Background Evidence from epidemiologic studies and animal and genotoxicity
assays leads to the conclusion that environmental tobacco smoke (ETS) causes
lung cancer. Objecrives The hypothesis of a causal relationship between
exposure to ETS during adulthoed and risk of death from lung cancer was tested
using seven years of follow-up data of the American Cancer Society's Cancer
Preveniion Study II. Methods Three analytic cohorts of life-time nonsmokers
were assembled for ETS analyses based upon: 1) self-reported current hours of
exposure toc ETS, 2) exposure from spousal smoking, and 3) dose of exposure
to ETS from cigarette smoking of spouses. These cohorts included 362, 265,
and 127 lung cancer deaths, respectively. Mantel-Haenszel rate ratic analyses
by ETS exposure variables, followed by Cox regression modeling controlled for
age, gender, race, education, intake of vegetables. fruits and fai, occupational
exposure to asbestos and history of chronic lung diseases. Results L.ung cancer
risk among nonsmokers was not associated with current self-reported number of
hours of exposure to ETS. Nonsmokers reportedly exposed to ETS for 6+
hours a day had a 20% statistically not significant increased risk: the multivariate
rate ratio (RR) was 1.2, [95% Confidence Interval (CI)=0.8-1.7]. Nonsmoking
women married to current smokers had also a statistically not significant 30
percent greater risk of developing lung cancer (multivariate RR=1.3, 5%
Cl=0.8-1.9). Women married to current cigar/pipe smokers had a 50%
increased risk, but again the finding was not statistically significant (multivariate
RR=1.5, 95% CI=0.8-2.7). After adjusting for all covariates, we found among
nonsmoking women an increasing risk of lung cancer with increasing pack-years
of cigarettes smoked by their husbands which was not statistically significant
(p=0.14). Discussion Missing data on self-reported ETS could have resulied in
considerable misclassification and thus biased the swudy findings towards an
absent of an effect. Self-reported hours of ETS exposure doe¢s not measure
intensity of exposure and referred only to current, rather than lifelong ETS
exposure. Assessment of exposure to ETS using spousal smoking habits is
Better, but still has considerable limitations and at best is an imperfect
measurement. The study also has limited statistical power and its generaily nuli
findings are still consistent with the positive association reported from other
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studies. Conclusions  This study found no evidence of an association betwesn
self-reported ETS and lung cancer risk among nonsmokers. However, using
spousal smeking habits to assess exposure, we found ETS is only weakly, and
nor stacistically significantly, related to lung cancer risk among nonsmoking

women in seven years of follow-up of the CPS II cohort.
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Chapter 1: Introduction

1.1. Background

Epidemiologic studies, along with coliateral evidence from experimentzal studies
in animals and genotoxicity assays, indicate that tobacco smoking causes: 1)
Iung cancer, 2) other cancers (oral, laryngeal, esophageal, bladder, renal,
pancreatic, stomach, cervical and leukemia); 3) acute and other chronic
conditions such as hypertension, coronary heart disease, peripheral arterial
occlusive disease, cerebrovascular disease, chronic obstructive pulmonary
disease, gastrointestinal disease, disease of the mouth; 4) that parental smoking
is associated with major reproductive disorders such as low birthweight, birth
defects, and the fetal tobacco syndrome; and 35) an increase in overall mortality
(US DHHS Surgeon General 1989).

Three decades after the publication of three seminal reports of case-control
studies on the association of active smoking and lung cancer (Wynder 1830, Doll
1950, Levine 1950}, the first two reports from epidemiologic studies on the
effect of passive smcking and lung cancer among nonsmokers were published
(Hirayama 1981, Trichopoulos 1981). In the 12 years since those reports were
_published, the scientific evidence accumulated on the effects of environmental
;obacco smoke (ETS) on health, is oot as strong as for active smoking.
However, with respect to the potential health hazards from ETS, it seems that in
recent years, a consensus is forming that passive smoking is injurious to health,
although to a lasser degree than smoking.

In particular, a report from the US National Research Council concluded after
reviewing 13 published epidemiaclogic studies, that "a summary estimate from

epidemiologic studies places the increased risk of lung cancer in nonsmokers

married to smokers corapared with nonsmokers married to non-smokers at about
34 percent” (NRC 1986). The International Agency for Research on Cancer
concluded: "knowledge of the nature of sidestream and mainstream smoke, of the
materials absorbed during ‘passive smoking’, and of quantitative relationships

geelezeeose
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between dose and effect that are commonly observed from exposture o
carcinogens leads to the conclusion that passive smoking gives rise to some risk
of cancer” (O'Neill 1987). A recently published report from the US
Environmental Protection Agency, included evidence from a total of 29
epidemiologic studies on the effect of ETS on lung cancer risk and concluded
that "ETS is a Group A human carcinogen, the classification used only when
there is sufficient evidence from epidemiologic studies to support a causal
association between exposure to the agents and cancer” (EPA 1992).

Since the late 1980s smoking in many public places, as well as on local and
international airplane flights, has been banned. As the wave of anti-smoking
campaigns rises, banning of smoking in public places and workplaces will
further contribute to the goal of a tobacco-free world.  Epidemiologic research
on this subject is needed since there is still controversy over the size of the effect
of exposure to ETS on the risk of cancer and other diseases, and whether the
observed modest increased risk is causal or an artifact due to: 1)
misclassification of smoking status, described by Mantel and Lee (Mantel 1983,
Lee 1984); 2) a publication bias (Mantel 1990, Vandenbroucke 1983), or 3}
confounding by socioeconomic status or other unspecified/unknown factors
(Mantel 1992). The EPA report (1992) and a study and paper by Fontham et al.
(1991) offer reasonable reburtal of these critiques.

1—.2. Specific Aim

The purpose of this study is to assess, in a large prospective study, whether
ETS exposure in adulthood causes lung cancer.

The objective of this study is to quantify the effect, if any, of adult ETS
exposure on lung cancer mortality among lifelong nonsmokers in the American
Cancer Society's Cancer Prevention Study II (CPS II).

62£122205¢C
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1.3. Hypotheses

The specific research questions that were tested in this study can be stated, in the

alternative form, as follows:

I. Non-smokers exposed to ETS (either spousal or self-reported exposure) are
at higher risk of fatal lung cancer than are non-smokers not exposed to ETS.

2. The risk increases in a dose-response relationship with: 1) hours {per day) of
self-reported ETS exposure (curmulative at home, work or other places), and 2)
pack-years of cigareties smoked by spouses (married once and that had complete
smoking data).

3. The relative risk of lung cancer among nonsmokers exposed both to ETS and
occupationally exposed to asbestos, is greater than the risk of those exposed to
ETS oniy.

4. The association remains after adjustinent for relevant potential confounders,
and is not attributable entirely to misclassification of smoking status (i.e,
tisclassified srnokers are included into a study restricted to nonsmaokers).

1.4, Definitions of ETS, Lung Cancer, and Analytical Cohorts

ETS in General

The term ETS refers to "aged exhaled mainstream smoke (MS) {from the smoker,
diluted sidestream smoke (SS) emitted from the smoldering tobacco between
puffs, contarinants emitted into the air during the puff, and contaminants that
diffuse through the cigarette paper” (EPA 1992). In addition, it has been
pointed out that ETS from pipe and cigar smoking should be considered in
assessing the effect of ETS (Lychou 1986, Pershagen 1986). Few studies
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(e.z., Garfinkel 1985, Fontham 1991), have assessed the risk of lung cancer
among nonsmokers by type of smoking of spouses. Although both smokers
and nonsmokers are exposed to ETS, the effect of active smoking on lung cancer
risk would overshadow any small effect of ETS among smokers, and hence most
studies, as is this ona, are restricted to the nonsmoking population.

Passive smoking is a term that refers to inhalation of ETS by a non-smoker
exposed to a smoking environment. The term "involuntary smoking" has the
same connotation as passive smoking. These terms, along with "inhalation of
second-hand smoke", are no longer in wide use in the recent literature, and we
will only refer hereafter to ETS.

ETS Exposure in CPS II
The information on ETS in the CPS II cohort includes:

A. Self reported number of hours exposed to ETS: the average number of hours
subjects were reportedly exposed to "the smoke of others” at home, work, and
cther places, separately, for each of these settings and in total (all settings
combined).

'B. Spousal ETS exposure: Smoking history as reported by the spouses of
nonsmoking subjects, including the type of smoking habits (cigarettes, cigars,
pipes), if current or former smokers, and the cumulative exposure to ETS from
spousal cigarette-smoking during marriage.

Lung Cancer in General
Lung cancer is a group of malignant necplasms that arise from: 1) the bronchial

o; bronchioloalveolar surface epithelium, 2) the bronchial mucous glands, or 3} a
combination of the previous. According to the International Classification of
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Diseases Ninth revision (ICD-9 WHQ 1975), primary cancers of trachea,
bronchus, and [ung are grouped under the ICD-9 code N 162.0 to N 162.9.

Lung Cancer in CPS II

This is a study of mortality from lung cancer. Therefore, the outcomes refer to
deaths for which the underlying cause of death selected by nosologist was coded
N 162,

Self-reported and Spousal Exposure to ETS

This terminology distinguishes the study population for which self-reported
average number of hours of ETS exposure is used as exposure variable (self-
reported ETS) from the population of nonsmoeking wives and husbands in CPS
I (spousal ETS) that uses spousal exposure data.

Throughout the text other standard epidemiologic nomenclature is used (Last
1988). The glossary at the end of the text contains an exhaustive list of
abbreviations used below.

1.5. Significance and Relevance of the Study

CPS I provides a good oppcertunity 1o test the ETS-lung cancer hypothesis,
with numercus advantages over existing epidemiologic evidence. First, the
study provides information on 392,226 non-smokers, on 362 deaths from lung
cancer among nonsmokers for analyses of seifereported ETS and 265 lung cancer
deaths for analyses of spousal ETS, and 127 lung cancer deaths for dose-
response analyses, numbers pearly as large as those of the largest case-control
studies (Gao, 1987, Fontham 1991, Brownson 1992) or any other cohort study,
including the CPS I (Garfinkel 1983), on this issue. Only four other cohort
studies (Hirayama (981, Hole 1989, Butler 1988) have addressed this issue; of
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them only the CPS 1 study (Garfinkel 1983} had a statistical power greater than
80 percent of detecting 2 1.5 increased rate.

Second, the prospective narure of the study limirs the possibility of recall bias,
since information on exposure was obtained at the beginning of the follow-up.
Prevalent cancer cases (l.e., persons with cancer at baseline} were also
excluded, limiting the possibility of recall bias.

Third, the information on both active smoking and ETS is unusually detailed and
includes both: 1) self-reported average number of hours a person is exposed to
the smoke of others (at home, work and elsewhere) and 2) smoking habits of
spouses. Spousal smoking provides an important cross-check of the validity of
self-reported smoking data.  In most cases the spousal smoking information
was provided directly by the respondents, unlike many case-control studies
which rely on surrogate respondents. CPS II shares this advantage with four
smaller cohort studies (Garfinkel 1983, Hirayama 1981, Hole 1989, Builer
1988).

Also, this study provided informarion to assess the effect of potential bias by
active smoking status misclassification (Mante! 1983, Lea 1984). To set the
limits of a reasonable bias by misclassification of active smoking stams, we
needed to obtain estimates of: 1) the concordance of smoking status among
| spouses (i.e., smoking status as reported by spouses and by study subjects
themselves); 2) the association of smoking status, especially of former smoking,
a group over-represented among misclassified nonsmokers, and lung cancer; and
3) of the validity of the classification of smoking status. CPS II provides
information on smoking habits of members of the same household therefore, the
concordance of smoking status among spouse-pairs can be estimated. This along
with published estimates of misclassification of active smoking in CPS I and of
the association of different cell-types of lung cancer with active smoking
prowded the necessary data to set limits to potential bias from misclassification of
active smoking status.
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At the same time, this study assessed potential confounders of the relationship of
interest such as age, diet, history of chronic lung disease, and exposure to
accupational risk factors such as asbestos exposure, as well as concomitants of
sociocconomic status such as education and 'race’.

Finally, this is an important scientific issue and is a subject of ongoing
epidemiclogic research projects (Coleman 1992). Some ongoing projects on this
topic are: 1) a large international collaborative study being conducted in Western
Europe and the US; 2) a study planned to collect data from 400 lung cancer
cases among nonsmokers in Russia; 3) in the US, two studies, one in Michigan
and the other in New York, are in progress.

1.6. Extent of ETS Exposure

Estimates of prevalence of exposure were not available until very recently. The
1988 National Health Interview Survey (NCHS 1988} included a set of
questions for adults about their lifetime working status and their work experience
in the year before the interview. ETS exposure information was obtained from
44, 233 respondents. Interviewees were asked: "Do you live with a smoker?"
and "Do they smoke at home?".  According to the 1988 NHIS, about one
quarter of adules live with at least one smoker at home, and almost 90 percent of
smokers smoke at home. Some of the data obtained in this survey are presented
in Table 1.

Preliminary results from the ongoing National Health and Nutrition Examination
Survey 1II {(NHANES III), in which serum levels of cotinine are measured to
assess exposure to tobacco smoke by persons in the US aged = 4 years, are
available. The first 800 samples were tested with a highly specific test for serum
cotinine, and all of them had measurable levels of cotinine, Results showed a
bimodal distribution, with jts antimode around 10-15 ng/mL (MMWR 1993), the
cutoff most often used to distinguish smokers from nonsmokers. These data
showed the ubiquitious nature of ETS exposure in the US. These preliminary
results from NHANES III agree with a previous report by Wald on levels of
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serum cotinine among 10! nonsmoking men, who had a mean of 8.5 ng/mbL
{with a standard deviation of 1.3) (Wald 1984).

A study of 380 nonsmoking participants in 2 cancer screening program in
Buffato, New York, conducted in 1986, showed that 24.3 percent of men were
exposed to the ETS of their wives, whereas 66.0 of the women were married to
smoking men. About 70 percent of the participants reported some exposure at
home, and exposure at work was reported by 87 percent of subjects (Cummings
1989).

Also, the 1988 NHIS included guestions about policies at worksites and
exposure to ETS at work, on which a report has been published (MMWR
1992). Half of the smokers in the 1988 NHIS reporied some discomfort at work
because of the smoke of others, whereas 84 percent of the nonsmokers reported
some discomfort from ETS at their workplace.

Thus, from.a broad public health perspective, this study has important
implications, First, exposure to ETS is preventable by means of regulations at
work sites and public places, as has been shown in the US (Fielding 1992).
Smoking control measures are implemented by the government and the private
sector in the US, and increasingly in the rest of the world. By 1987, in the US,
restrictions were in place in more than 42 States and the District of Columbia,

buildings, and recreational facilities. According to the 1983 NHIS data, 40.3
percent of the 114.1 million employed adults in 1988 (who reported that their
workplace was not their home), worked in locations where smoking was allowed
only in designated areas. This estimate is consistent with resuits from the 1986
Adult Use of Tobacco Survey, which reported that 42 percent of worksites had
restrictive policies (MMWR 1988). An estimate derived from the National
Survey of Worksite Health Promotions, showed that 76 percent of work sites
with smoking cessation activities had a smoking policy in effect (Fielding 1992).

 for smoking in transportation facilities, hospitals, schools, elevators, govemment '
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Table I. Percent distribution of persons 18 years of age and
over by cohabitees smoking status, according to gender,
education, occupation, race, and age; United States, 1938.

Live with smoker
Characteristics Yes % No % Unknown % Sample Size
Total 26.6 71.5 1.8 44,233
Gender
e 26.2 71.9 1.9 18,562
Female 27.0 T1.2 1.8 25,671
Years of education
=12 306 67.6 1.8 25,671
13-15 28.3 70.0 1.7 9,808
16+ 17.8 80.3 1.9 10,990
Occupation
White collar 22.8 75.3 1.9 22,505
Blue collar/service 33.1 65.2 1.6 6,535
Blue collar/other 30.1 63.3 1.6 13,169
Cther 26.2 70.2 3.6 2,024
Race
White 26.5 71.8 1.7 36,864
Black 38.3 69.3 2.4 6,186
Other 25.2 72.6 2.2 1,183
Age
18-29 33.6 64.6 i.8 10,516
3044 27.2 71.1 1.7 13,987
45-64 27.4 70.9 1.8 10,747
65+ 13.0 85.0 2.0 _ 8,983
‘Source: CDC NCHS: Occupational Health supplement to the 1988, NHIS.

The US Public Health Service Centers for Disease Control and Prevention's
National Institute for Occupational Safety and Health has recently released a
recommendation to reduce ETS in the workplace to the lowest feasible
concentration, and suggested to employers "to minimize the occupational
exposure to ETS by all available preventive measures” (MMWR 1991}

1.7 Organization of Thesis
In this chapter, we described the aims, specific objectives, and relevance of this

study. Definitions of ETS exposure and lung cancer were provided. Chapter
2, deals with the epidemiology of lung cancer, and the role of smoking as a
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cause of cancer, as well as other risk factors. The biclogical plausibility of the
carcinogenicity of ETS is reviewed. Special emphasis is placed on reviewing the
literature on ETS and lung cancer; a summary estimate of 36 studies is presented
and compared with that of the 1992 EPA report. These data are used 1o illustrate
a funneling of estimates by sample size and to assess the potential of publication
bias in studies of ETS and lung cancer. The limitations of existing studies on
this issue are reviewed. Chapter 3 parrates the methods used in this study, with
special reference to the selection of the analytic cohort, specification of exposure
and outcome variables, and rationale and descriptioa of the statistical modeling
used. Also a brief description of the CPS II design is given. The steps followed
to validate death certificaie data on lung cancer, as well as self-reported exposure
to ETS are presented in a separate section of that Chapter. Chapter 4 gives
demographic descriptive information for the CPS 1I entire cohort, the analytic
cohortt based on self-reported ETS and the analytic cohort based upon spousal
ETS and gives a comparison with the entire US population. Chapter 5 presents
the results of the validarion studies to use lung cancer as underlying cause of
death from death certificates. as diagnosis of lung cancer, as well as the validity of
self-reported exposure to ETS. Chapter 6 provides a deseription of the exposure
variables in the entire CPS I population, and analytical cohorts. Chapter 7
presents the main results of the smdy based upon the self-reported exposure to
ETS at home, work, and other places, and ETS spousal exposure. The

| relationship of ETS with potential confounders and effect modifiers is also
| presented.  Chapter 8 includes the general discussion and conclusions of the

study. The reader will find tables and figures incorporated into the text.
Detailed tabular data of existing studies on ETS and lung cancer are given in
Appendices, along with the CPS II guestionnaires.
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Chapter 2: Literature Review and Metanalysis

2.1. Descriptive Lung Cancer Epidemiology

Lung cancers account for 15 percent (or 163,000} of all new cancer cases, and
28 percent of all cancer deaths {or 149,000) in the US (ACS 1993). According
to most recently published US mortality statistics, the lung cancer epidemic may
have reached its peak among older men (Boring 1993) and is declining among
young men and young women (Devesa 1989, Glass 1991). The overall
incidence rate based on the National Cancer Institute (INCI) Surveillance,
Epidemiology and End Results (SEER) data was 57 per 100,000 in 1984-1988
(INCI SEER 1991). Whereas both incidence and mortality rates from lung cancer
have begun to decrease in men, they continue to increase in women (all ages
combined), and lung cancer has now surpassed breast cancer as the most comon
cause of death from cancer in women. These changes in the epidemiology of
lung cancer are reflected in the male to fernale ratio among new cases; it was 2:1
in 1984-1988 , but it was 6:1 in the 1960's (Schottenfeld 1973). Age-specific
incidence rates of lung cancer increase exponentially with age. This observation
has been considered a function of duration of smoking (Doll 1978), although it is
argued that there is an independent effect of age at uptake of smoking babits
{Molgaavkar 1989). Cohort analysis of lung cancer indicates that incidence
| peaked among men born between 1525-1930 and among women bom between
1935-1940 and declined in subsequent birth cohorts, a pattern that mirrors the
changes in the prevalence of cigarette smoking (Devesa 1984, 1989).

In the SEER Cancer Registries data, lung cancer incidence in 1984-1988 was 37
percent greater among blacks (both males and females) than whites (SEER
1991). The race difference has widened since 1969 when the Third Natonal
Cancer Survey (Wynder 1975) reported an 11 percent excess for black men
compared to white men and no excess for black women in relation to white
women, & difference that reflects changes in smoking patterns.
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According to the same sources, an increase in the 3-year survival of lung cancer
patients from 4 percent to 13 percent among whites and from 5 percent to 11
percent among blacks, was observed between 1930 and 1987 (SEER 1991).
However, the overall survival of these cancers rematns poor, with a median
survival of less than a year from diagnosis (Werzel 1989). Few reports exist on
specific survival rates by stage at diagnosis; in one of them, comprising 999
registered cases at the Northwestern Memorial Hospital from 1976 to 1985,
48.7 percent of the cases had distant spread at the time of diagnosis. Even
among patients with localized disease, median survival was only 22 months
(Wetwzel 1989). This poor survival, in conjunction with secular changes in
smoking prevalence and better breast cancer survival rates, explains why, among
US women, lung cancer has surpassed breast cancer as the leading cause of
cancer mortality among women (Boring 1992).

2.2 Smoking and Lung Cancer

The earliest observations of the association of tobacco and cancer can be traced to
1761 in a report by John Hill, who described cancer of the nose among users of
tobacco souff (Redmond 1970). A literature review by Adler, reported in 1912,
could document only 374 lung cancer cases worldwide, and the zuthor
suspected that cancer of the lung was decidedly on the increase, In 1918,
. Yamagiwa and Ichikawa reported on the experimental induction of squamous cell
skin cancer by application of coal tar in the rabbit model (Yamagiwa 1918),
_E:onﬁrming the early observations of Percival Pott upon scrotal cancer among
chimney-sweepers (Shimkin 1973), and thus lending plausibility to the cigarette
smoking-tung cancer hypothesis. Specifically the association between tobacco
smoking and lung cancer was first reported in Germany based upon clinical and
antopsy evidence by Lickint and Hanf in 1928, {Vincent, 1986) and further
confirmed by Miiller in 1939 (Wynder , 1975). However, it was not until the
eafly 1950's that the major link was established through epidemiologic studies.
Follbwing the publication in 1950 of reports from case-controi studies describing
a strong positive association of smoking and lung cancer (Wynder 1950, Doll
1850, Levine 1950), numerous other epidemiologic studies have consistently

6€£€LZCC0s2

L.



P

—"n

13

reported increased incidence and mortality from lung cancer among smokers
compared with nor-smokers, with a "best” estimate of the relative risk of 22 in
men and 12 in women (U3 Surgeon General 1989). Tobacco smoking also is
associated with cancer of five other sites (larynx, buccal cavity, pharynx,
esaphagus, and bladder), and though not firmly established, it may be a cause of
cancers of the pancreas, kidney, stomach, cervix and leukernia (Thomas 1992,
Garfinkel 1990). More than 50 independent casecontroi studies and eight cohort
studies consistently reported associations between smoking habits and overall,
lung cancer, other upper respiratory and digestive cancers, chronic bronchitis,
coronary disease, and peptic ulcer mortality. Smoking is also responsible for an
excess of deaths from cardiovascular diseases that until recently, surpassed the
magnitude of smoking-atiributable lung cancer mortality in the US (Shopland
1991). Smoking also increases blood pressure. Also, parental smoking is
associated with major reproductive disorders such as low birthweight, including
the so-called fetal tobacco syndrome (Thomas 1992), and birth defects (Kelsey
1978). Last, smoking is a cause of several gastrointestinal and mouth diseases,
such as peptic ulcer disease and gingivitis (Thornas 1992).

2.3. Biological Plausibility

More than 4000 chemical compounds have been identified in ETS (Surgeon
General 1986, IARC 1987, NRC 1986, EPA 1992, O'Neill 1987, Léfroth
—1989, Claxton 1989), of which eighteen are known carcinogens: benzene,
formaldehyde, hydrazine, N-nitrosodimethylamine, N-nitrosopyrrolidine, 2-
toluidine, 2-naphtylamine, 4-aminobiphenyl, benz[a}anthracene, benz{tlpyrene,
Y-butyrolactone, quinoline, N'-nitrosonornicotine, NNK for 4-(IN-methyl-N-
nitrosoamino)-1-(3-pyridyl}-1-butanone], N-nitrosodiethanolamine, cadmium,
nickel, and 210 Polonjum. Five studies measuring personal exposure to
_pa_x_-tif:ulate matter associated with ETS for nonsmokers, and another five on
exposure to airborne nicotine associated with ETS, were reviewed in a recently
published report of the Environmental Protection Agency (EPA 1992).
Accordingly, particle mass due to ETS in the respiration zone of nonsmokers
ranges from 18.4 to 64 pg/m3, and 0.1 to 40 pg/m3 of nicatine.
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| The size of the SS particles is smaller and dilutes more rapidly in air, than MS
particles. Some carcinogens, like nitrosamines, benzo[a]lpyrene, benzene,
cadmium, nickel and aromatic amines, are found in larger quantities in 58 than in
MS. The NRC reports pointed out that "constituents of the vapor phase such as
N-nitrosamines would be more likely to remain in the ambient air for longer
spans of time ". For instance, two constituents of the vapor phase are N-
nitrosodimethylamine and benzalalpyrene. They are found at a 20 to 100 SS
/MS ratio (range in 83 200-4000 ng), and a 2-4 ratio (range in S8: 40-280 ng),
respectively.

Smoke of cigars and pipes carries more carcinogens than do cigarettes, in
addition to the obvious observation that they produce smoke in larger volumes
than do cigarettes. In particular, the smoke of cigars contains more
benzf{alpyrene and pyridine, whereas that of pipes has more tar (Shephard1982,
Appel 1990).

A model-based approach (Repace [980, Repace 1982) was used in a report of
the National Research Council (NRC 1986) to describe ETS exposures. As
illustration of this model, the NRC report presented a range of 10 to 160 total
respirable particulate matter emitted (ug/m3) "in a residence with one smoker
smoking at a rate of either 1 or 2 cigarettes per hour for the range of mixing,
ventilation, and removal rates occurring in residences under steady-state
conditions" (NRC, 1986).

2.4 Epidemiological Evidence

Two seminal reports (Hirayama, 1981, Trichopoulos 1981) implicated ETS as a
risk factor for lung cancer among non-smokers. These two, along with 34 other
reports are summarized in Table 2. A detailed review of most of these studies
‘can be found in the Appendix of the 1992 EPA report, but it is worth
summarizing their key features: 1) without exception they are restricted to
ponsmokers, 2) most of them have concentrated on women, 3) 32 are case-
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control studies, 4) ETS exposure has been measured in terms of spousal
. smoking history reported by cases or next-of-kin, most of them have relied on
exposure informarion from proxy respondents, and 5) most of them had little
1 statistical power for detecting a weak association.

The original reports from 36 studies were reviewed and we abstracted
information on the association between having a smoking spouse and the
i occurrence of lung cancer. Confidence limits for the studies in Table 2 are
shown in Figure 1, arranged by sample size. Nine of these 36 studies
reported a positive, statistically significant association; in three other instances
a positive and borderline significant association was found (i.e., point estimare
{ above one and lower 95% confidence limit=0.9). A negative point estimate
was reported in eight studies, but none of these negative studies was
statistically significant. Only twelve studies had at least a 50 percent statistical
power (i.e., information on at least 100 Jung cancer cases or deaths among
nonsmokers) of detecting a risk ratio of 1.34, the hypothesized size of the ETS
effect on lung cancer risk in the NRC meta-analysis.

A summary estimate over these 36 studies was obtained using precision-based
estimators (i.e., weighting each study by the inverse of the variance of the RR on
the logarithmic scale): ETS during adulthood (i.¢., married to smoking spouse)
increases the risk of lung cancer among nonsmokers by 20 percent (95 percent
vonfidence interval (95% CID= 1.1-1.3) (See Appendix A, for 2x2 tables of these
studies and calcuiations). Moreover, in most studies, aven in those who did not
find an overall association, there was evidence of a dose-response relationship
between ETS exposure and the risk of lung cancer among nonsmokers.

The funnel plot in figure 2, shows the inverse relationship between precision and
sample size. Vandenbroucke and Mantel have argued that there is some evidence
‘of*a publication bias, since there is a deficit of small negative studies, depicted in
figure 2 in the lower left of the funnel plot (i.e., the non-significant small
negative studies) (Mantel 1990, Vandenbroucke 1988). However, four small
negative studies are shown in this plot. Even if this deficit exists it would be
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largely overwhelmed by ihe number of both positive and negative large studies in
the right section of the plot. A closer examination of studies by country, as
reported in the 1992 EPA report, shows that two large studies in China (Wu-
Williams 1990, and Gao 1987) reported statistically significant inverse
associations, whereas those in Japan and Europe were more likely to be positive
and to report stronger associations as compared 1o US smdies.

QOur metanalysis summary estirnate of the RR is remarkably close to that of the
EPA report on US studies, which is 1.19. The EPA report made a downward
adjustment by misclassification bias and reduced the observed associations.
Since on average that adjustment represented less than 10 percent of the point
estimates, ours and those of the EPA report are approximately the same.

2.5 Collateral Evidence

In support of the role of ETS as cause of lung cancer ameng nonsmokers, a
recently published autopsy-based study (Trichopoulos 1992) documented an
increase of pre-cancerous lesions due to ETS, opening a new research avenue on
this issue. Another piece of epidemicliogical evidence that supports the claim that
ETS causes lung cancer derives from a study of lung cancer amoeng dogs in
relation to the smoking habits of their owners. The authors fonnd an association
of magnitude similar to that reported in humans for ETS and lung cancer risk.
LInterestingly, alse the authors noted that the association held for
brachicephalic/mesccephalic dogs but not for dolicocephalic dogs, a fact
interpreted by the researchers consistent with an effect from exposure to volatile
smoke particles as those of ETS (Reif 1992). This study reinforces the findings
of experimental studies of lung fumors among male beagles trained to smoke
through a tracheostomy: the authors concluded that smoking of cigarettes
greatly increased the development of such tumors (Auerbach 1970).

- .
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Table 2
Summary of 36 epidemiologic studies on ETS and
lung cancer risk, from 1981 to 1993. Point estimates and
95% confidence intervals of the association of
lung cancer and spouse’smoking habits

Na Author Design Study weight Estimated Source
Sizel 2 RR

1. Hirayama Cohort 174 deaths 1420 1.5 (1.1-2.1) Lancer 1981

2. Garfinkel Cohort 153 deaths 88.0 1.2 (0.0-1.4) JINCI 1983

3. Holeetal Cohort % deaths 7.0 2.1{0.5-14.7) BMIJ 1989

4.  Butler Caohort 8 deaths 2.0 2.0(0.6-6.7y UCLA 1988

5. Trichopoulos etal Case-contral 77 cases 2.7  2.1{1.2-3.7) Lancet ]983

6. Chan & Fung Case-conol 86cases 12,3  0.8(0.4-1.3) Gruodmann, 1982
7. Cormreaetal. Case-control 32 cases 6.8 3.1{1.5-6.8) Lancet 1983

8. Bufflereral. Case-control 52 cases 8.5 0.8(0.4-1.6) Mizell 1983

9. Dahlageretal. Case-congol 48 cases 83  1.5(0.8-2.8) Cancer Res 1986
10. Kabat & Wynder Casecontrol 36 cases 4.5 0.9(0.3-2.2) Cancer 1984

11. Garfinkel et al. Case-conmol 134cases 22,2 1.2(0.8-1.9) INCI 1985

12. Wuetal Case-control 31 cases 7.1 1.2(0.6-2.5) JNCI 1983

13. Akiba et al. Case-control tl13cases 197 1.9(1.2.3.0) Cancer Res 1986
4. Leeetral, Case-control 47 cases 7.3 1.1(0.5-2.3) BIC 1986

15. Gao et al. Case-control 436 cases  61.2 0.8(0.6-1.0) IIC 1987

16. Kooetal, Case-control 86 cases 12.9  1.5(0.9-2.7) IJIC 1987

17. Pershagen ar al, Casecontrol 77 cases 164 1.2(0.7-2.1) ATE 1987

18. Humble et ai. Case-control 28 cases 53 3.2(1.4-7.9y AJPH 1987

19. Browson et al. Caseconol 19 cases 2.0 1.8(0.4-7.5) AJE 1387

20. Lam et al. Case-control 199 cases  30.6  1.68(1.2-2.3) BJC 1987

21 Lam & Cheng Case-control 60 cases 10.1  2.0(1.1-3.8) Lee. 1992

22. Shimizu et al. Case-control 90 cases 14.1 1.1¢0.7-1.9y TJEM 1988

23. Inoue Case-control 22 cases 2.9 2.6(0.8-9.9) Smkd& Hlth 1987
24, Gengetal Case-control 54 cases 8.1 2.2¢1.1-4.3y Smk& Hith 1987
25. Svensson et al. Case-control 34 cases 6.0 1.3(0.6-2.9)  Acta Oncol 1989
26. Janericheral. Case—control |21 cases 140 0.9(0.6-1.6) NEIM 1990

27. Stockwell er al. Case—control 210 cases 9.6 1.6(0.8-3.00  TINCL 1992
28. Kalandidi et al. Case-conmol 91 cases 11.2  1.6{0.9-2,8) Can Ca Ct! 1991

29, Sobueetal Case-control 144 cases 29.6 1.1{0.8-1.6) Ga No Rin 1990
30. Kawadaetal. Casgcontrol 17 cases .4 MC(0.6- NC) Ga No Rin 1938
31, Wu -Williams Case-conrol 417 cases 61,3 0.8(0.6-1.00 BIC.1990
32. Kabat et al, Case-control 89 cases 16.0 1.0{0.6-1.7) Lee 1992
33. Linetal Case-control 54 cases 5.6 0.7(0.3-1.8) LIE 1991
34. Fontham et al. Case-control 420cases  59.4  1.4(1.1-1.8) CancerEpid 1991
35. Browsonetal Casecontrol 451 cases 786 1.0(0.8-1.2) AJPH 1992
36. Liu eral, Case-control 38 cases 5.7 1.7¢0.7-3.8) AJE 1993

Total 4,227 802.6 1.2¢(1.1-1.3)

INumber of lung cancer cases;  Inverse of the variance of the logarithm of the RR
estimate
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Figure 1. Relative risk of lung cancer from 36 studies of
nonsmokers exposed to ETS, 1981 to 1993
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Figure 2. Funnel plot of relative risk {on

log scale) according to the size of SD (In

RR) of 36 studies of lung cancer and ETS
spousal exposure

0.8 0.6 a.4 0.2 ¢
1.5
- | I ]
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R g e m—— :—-":'-ﬁ:l-—d -";. — -0 5 Jn (RR)
-1.5
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2.5 Collateral Evidence

In support of the role of ETS as cause of lung cancer among nonsmokers, a
recently published autopsy-based study (Trichopoulos 1992) documented an
increase of pre-cancerous lesions due to ETS, opening a new research avenue on
this issue. Another piece of epidemioclogical evidence that supports the claim that
ETS causes lung cancer derives from a study of lung cancer among dogs in
_relation to the smoking habirs of their owners. The authors found an association
of magnitude similar to that repeorted in humans for ETS and lung cancer risk.
Enterestingly, also the authers noted that the association held for
brachicephalic/mesocephalic dogs but not for dolicocephalic dogs, a fact
interpreted by the researchers consistent with an effect from exposure to volatile
smoke particles as those of ETS (Reif 1992). This study reinforces the {indings
of experimental studies of lung tumors among male beagies trained to smoke
through a tracheostomy: the aunthors concluded that smoking of cigarettes
_g:n;:_at.ly increased the development of such tumors (Auerbach 1570).
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Figure 3. Hypothetical cohort srudy of nonsmokers to show the effect of misclassificarion
of smoking status on lung cancer rates by spousal ETS (adapied from NCR 1936).

A 1,000,000 population
True distibution 62% ever smokers and 38% never smokears
Gold standard

+ - Total
) .+ 595000 5.000 600,060
Questionnaire _ 25000 375,000 400.000

Total
Observed distribution 620,000 380,000 1,000,000

under 3% misclassification 60 % aver smokers and 40 % never smokers
B. 1,000,000 population
smokers: 620,000 375,000 non smokers
smaokers +
misclassifted as
nonsmokers: 25,000 ‘
C{?S I cs‘gmates 84% of smokers are 46% of nonsmokers are
o CDDCO'I' ance marmed {o smokers .married to nonsmokers
of smoking: ’/ \
16,000 9,000 202,500 172,500
smokers nonsmokers smokers nonsmokers

©— A

RR of 5 cancer of the lung for active smoking assumming
most misclassified smokers are truly former smokers

Rate of lung 5.0 5.0 1.0 1.0
cancer 0.0004 ;
death: 0.0604 0.00009 0.00009
l{gﬁﬁg&a& deaths:
{in six years) 8.4 21.6 109.4 93.2
b. Spouse smoking starus
Observed study Smoker ‘b:)nsmokcr
Cases 148 13 RR=1.07
Parson-Years 1,310,926 1,088,943
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nonsmokers: in CPS I sixry-four percent of the smokers were married to
smokers, and 46 percent of nonsmokers were married to nonsmekers. Anpother
key factor for this misclassification bias to take place is a strong relationship of
the ourcome under study with active smoking: in this example, we assume a five-
fold increased risk of dearh from lung cancer among smokers due to the fact thar
70% of those deaths would be adenocarcinomas, hence an estimate of the relative
risk of 4 for adenocarcinomas was used (Cfr. Brownson 1986), and weighted
for 50% as former smokers, since most misclassified smokers would be acually
former smokers (Cfr. Lee 1988). A reasonable estimate of the effect of smoking
among misclassified smokers would be 5, because most of them would be
former smokers. The rates of fung cancer death among nonsmaokers in CPS II is
11 deaths per 100,000 (Garfinkel 1991). Knowing thar only 3 percent of the
population in this study is formed by smokers., using the relationship of total

incidence, in this case mortality, to calcalate the rates among the unexposed” :
M

=——""+ ___ (Hennekens and Buring 1987) we arrived at the rates
® (OR*P)+P, ( ° )
among truly classified nonsmokers. Therefore, the observed 7 percent increase

is only due to misclassification of smoking status.

The argument of bias from misclassification of active smoking status assumes
that smoking spouses would have the same survival as nonsmokers. Indeed,
s;ubjccts with a history of regular cigaretie smoking have 24% (55% Cl= 1.20-
ff28) increased risk of deaths from all causes as compared to never smokers (US
DHHS: Surgeon General 1989). This assumption would work in the opposite
direction of the misclassification bias. For instance, history of current ETS
exposure among nonsmokers who were exposed in the past, might bias sudy
results towards the null because of poorer survival of heavy smaokers.

* Notation Mg=mortality among the unexposed; M)=mortality among the exposed;
Pe=proportion of the population exposed and Pg=proportion of the population unexpased.
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same carcinogens in mainstream and sidestream smoke, the demonsmared uptake
of tobacco smoke constituents by involuniary smokers, and the demonstration of
an increased lung cancer risk in some populations with exposure to ETS lead to
the conclusion that involuntary smoking is a cause of lung cancer.”

Blot and Fraumeni published a general review of the available epidemiologic
evidence about the time of the publication of the NRC report, and provided a
relative risk summary estimate of 1.3 (95% ClI=1.1-L1.5) (Blot and Fraumeni
1986).

Fleiss and Gross found the conclusions in the NRC report "unwarranted given
the poor quality of the studies on which it (was) based.” However, their
assessment of nine US studies in the NRC meta-analysis, found no evidence of
study-to-study heterogeneity, and is consistent with a small, although not
statistically significant, increased risk (Fleiss 1991).

The effect of ETS on other diseases and adverse outcomes, is beyond the scope
of this document, but it has been reviewed in detail in Working Group on
Passive Smoking (Spitzer 1990). Risk assessment of ETS is a subject of many
letters, editorials, articles and monographs in the scientific and medical literature

Glantz 1992, Lee 1992a, Heath 1993).

| 2.7 Other Risk Factors

Jonizing radiation, including both ¢-rays, emitted by radon dust particles, and x-
rays, asbestos, arsenic and nickel compounds, polyecyclic aromatic
hydrocarbons, hexavalent chromium, mustard gas, and other environmental and
occupational exposures have been documented as risk factors for lung cancer
(Blot 1984). A study by Selikoff, Hammond, and Churg showed that smoking
and asbestos exposure have more than additive joint effects on the risk of lung

| cancer {Selikoff 1968). Previous lung diseases such as pneumonia, chronic

bronchitis, asthma, and tuberculosis are known risk factors for lung cancer
among nonsmokers (Alavanja 1992). Studies conducted in the 1980's using

(Mantel 1992, Steenland 1992, Glantz 1991, YVandenbroucke 1988, Weils 1988,
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In addition to the argument of bias from misclassification of active smoking,
there are two other validiry issues that have been brought into the discussion of
the ETS-lung cancer hypothesis. Figure 2, presented a funnel plot that shows
lietle indication of a publication bias. A similar plot based upont the published
studies by 1988 led to argue that there was a publication bias on this issue
(Vandenbroucke 1988). However, based upon the available information by
1994, it seems unlikely that those unpublished studies would have
outnumberedbthe large positive studies, and even less likely, that they would
have outweighed the summary estimates such as those presented in reports by
NRC, Fleiss, EPA and before in 2.4.

Finally, some researchers have suggested that the potential of confounding by
some unspecified potential confounder such as sociceconomic status has been
overlooked. For instance, it is argued that low socioeconomic siatus is
associated with increased risk of cancer, and at the same time, smoking is morea
prevalent among the poor. This led Mantel to formulate the following hypothesis
to explain the ETS-lung cancer association: (nonsmoking ) "wives of smoking
husbands would be affected by the concomitants of socioeconomic levels”
{Mantel 1992). Most studies, however, have controlled for socioeconomic status
or proxy variables of sociceconomic level, such as 'race' and education, and
have still found an association between lung cancer and ETS.

A recent review by Lee (1992b), concluded that: "Taken as a whole, the evidence
reviewed does not demonstrate that exposure to environmental tobacco smoke
increases risk of cancer, heart disease or other diseases among adult aon-
smokers.” Four of the other major six reviews, however, agree that ETS is
causally related to lung cancer, and we excerpted the following conclusions.

The NRC report (NCR 1986} stated the misclassification bias pointed out by Lee
"is not likely to account for all the increased risk.” The Surgeon General's
report (US DHHS Surgecn General 1986) concluded "The absence of a
threshold for respiratory carcinogenesis in active smoking, the presence of the
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stronger association with smoking. Kreyberg type II included adenccarcinomas
and mucous-gland tumers, frequently diagnosed among non-smokers and
women. A so-called third Kreyberg group, showing intermediate strength of
association with active smoking, includes adencsquamous, anaplastic, and
undifferentiated carcinomas. A recently published large multicenter case-control
study of lung cancer in noso-smoking women included histologically
confirmation, and reported a more specific association of ETS with
adenocarcinomas (78 percent of all cases) than with the other histologic types
(Fontham 1991). Some previous studies, such as those by Kabat and Wynder,
and CPS I (Garfinkel 1981), had found a smaller proportion of adenccascinomas
(i.e., 55% and 56%, respectively) (Kabat 1984). However, the validity of the
Kreyberg dichotomy has been increasingly questioned given the recent trends in
lung cancer histopathology.

2.9 Measurement of ETS Exposure

Ideally ETS should be measured directly using 1) air samples of ETS pollurants
in various settings (home, work, and other places) or 2) highly specific
bicmarkers such as cotinine in saliva, blood and urine. Measurements of
cotinine (a nicotine metabolite} in serum, urine and saliva have been used
effectively to quantify exposure to tobacco smoke (Wall 1988). A highly specific
- technique for serum cotinine has been developed recently to measure levels as
low as 0.03 ng/ml. (MMWR 1993). Today, questionnaires are the most
commonly used method, and have unique advantages over direct measurements.
The most important advatage is that questionnaires can describe past exposure
that is relevant for diseases of long latency such as cancer. However, the extent
of misclassification of self-reported ETS exposure may be extensive {Pron
1988). Questionnaires are also an inexpensive method that can be used in large
studies.

Studies conducted to assess sources of ETS have consistently reported that ETS
was ubiquitous at settings such as the workplace (Cummings 1989) and therefore
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sera banks from prospective studies explored the effect of different nuttients on
the subsequent risk of cancer (i.e., nested case-control studies). Lower levels of
serum B-carotene were found among persons who subsequently became cases
than among controls as recently reviewed by Comstock et al. (Comstock 1992).
Fontham reviewed dietary studies on this issue and reported that they have been
notably consistent in finding an approximate 50% reduction in risk associated
with high, compared with Jow consumption of caretene containing fruits and
vegetables (Fontham 1990). Dietary fat intake has been implicated as a risk
factor for lung cancer in one large case-control study (Alavanja, 1993).
Empirical evidence coming from case-control studies reporting an apparent effect
of family history of cancer; pedigree studies, variations in carcinogen-
metabaiizing enzymes and chromosomal markers are also consistent with the
hypothesis of inherited susceptibility (Muivihill 1984, Kellerman et at. 1973,
Weston et al. 1991, Caporaso et al. 1990). Three studies of twins have shown
a farnilial procliviry to smoking (Mulvihill 1984).

2.8 Lung Cancer Classification

Tumors of the respiratory tract include neoplasms of the oropharynx, larynx,
trachea, lungs, and pleura. Epithelial malignant tumors comprise, according to
the World Health Organization, the following major histological types of lung
mmors: 1) squamous cell carcinoma, formerly called epidermoid carcinomas, 2)
adenocarcinomas, 3) small cell carcinoma, including oat cell carcinoma, and 4)
large cell carcinoma (Sobin, 1981). Estimates of the proportion each type
represents vary depending on the source data (i.e., biopsy cytology, surgical
specimens, autopsy), and range from 33-64 percent, 16-26 percent, 9-20 percent
and [9-25 percent respectively, of all malignant pulmonary neoplasms (Minna
1989, NCI SEER 1991). In 1962, Kreyberg divided lung cancer into two
granps according to the strength of its association with active smoking (Kreyberg
1962). This classification was based upon observation recorded in the cohort
study of British physicians (Doll 1957). Squamous cell, small cell carcinomas,
and large cell carcinomas fell into the Kreyberg type I for those who had a
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Chapter 3: Methods

3.1 The Cancer Prevention Study II

Study Population: The Cancer Prevention Study IT

a) Recruitment

CPS IT is a cohort study of 1,185,124 men and women whose mortality
experience has been ascertained since 1982. CPS TI is the third large prospective
study sponsored by ACS. A key feature of the ACS studies is that volunteers
invite family groups among their relatives, friends, and neighbors to participate
in the smdy. The volunteers then assist in follow-up. The first study, often
referred to as the Hammond-Horm study (Hammond 1958), was comprised of
188,000 white men 59-69 years-old living in 394 counties in nine states,
recmlited by 22,000 volunteers, and followed for 44 months, from 1952 1o 1953.
That study was a landmark in epidemiologic studies of cancer and provided
compelling evidence for the causal role of active smoking on lung cancer and
other diseases. In the next study, the Cancer Prevention Study I (CPS I),
68,116 ACS volunteers recruited a ¢cohort of 1,078,894 men and women, aged
35-84 at enrollment and followed them over a 12-year period (i{ammond 1966).

| Enrollment in CPS II began in September 1982 and was essentially completed by
T the end of November 1982. Approximately 77,000 ACS volunteers enrolled

consenting families if at least one household member was 45 years or older,
enrolled ail fémily members who were 30 years or older. Enrollment of subjects
was carried out in all 50 states, the District of Columbia, and Puerto Rico.
Volunteers were asked to include families they thought would remain in the local
area for the next six years (Stellman 1986).
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exposure sustained in the worlplace makes an important contribution to lifelong
exposure. Two studies have reported ihat spouses are a very important source of
ETS exposure and that by itself explains most of the total axposurs (Becher
1992, Emmons 1992). Moreover, the validity and reproducibility of spousal
ETS exposure assessment is greater than that of self reported ETS (Pron 1988,
Gann 1988). Anocther large study among ex-smokers and nonsmokers who were
under the Kajser-Permanente Medical Care Program was conducted to estimate
and identify the frequency and determinants of ETS exposure: age was found
inversely related to ETS exposure, as was education to duration of self-reported
ETS exposure (Friedman 1983). Evidence of denying of ETS exposure by
subjects with less schooling was also found, leading the authors to suggest that
"further effort be devoted to improving methods for assessing passive smoking
by questionnaire”. . Nonsmokers with history of atopy or any respiratory
illness were found more likely to report ETS exposure than subjects with no such
history (Cummings 1991), implying that these subjects "are more likely to
experience adverse acute reactions to ETS than people without such a medical
history", suggesting individual differences in sensitivity to ETS.

A study of the correlation of urine cotinine of infants with the smoking status of
household members showed that this marker of tobacco exposure had a median
of 1.6 Ng/L for infants unexposed at home, that it was lower among infants
‘liv'mg with smoking cohabitees but whose mothers were nonsmokers {median
3.9ug/L) as compared to the levels of those infants whose mothers were the only
smokers in the households (median 28 pg/L). In turn, the level of urinary
cotinine among infants of smoking mothers who also had other smokers among
the household members was even higher: 43 pg/L. (Chilmonczyk 199G). This
study result underscores the importance of: 1} the number of smokers among
cohabitees as source of exposure to ETS, and 2) of the relationship between
family members who smoke and nonsmokers in determining the intensity of
exposure to ETS in households.
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cigarettes, cigars or pipes per day and duration of smoking habits was elicited for
both current and former smokers.

3.2. Published Resuits from CPS II1

CPS II has already provided important information published in 32 papers in
journals and book chapters, on differant issues such as: 1) smoking trends and
projected mortality from lung cancer in the US (US Surgeon General 1989,
Stellman 1988, Garfinkel 1991) and in cconomically developed countries (Peto
1992); 2) a protective effect of regular aspirin use on the risk of fatal colon
cancer (Thun 1991), as well as the effect of dietary fiber {from vegetables and
grains), physical activity, obesity and dietary fat on the risk of fatal colon cancer
(Thun 1992); 3) the assessment of the risk of exposure to diesel exhaust
(Boffetta 1988); 4) artificial sweetener use (Stellman 1988); 5) estrogen-related
cancers and smoking (Garfinkel 1990); 6) leukemia and smoking (Garfinkel
1990); 7) the validation of follow-up procedures in CPS I through the National
Death Index (Calle 1993), and 8) the relationship berween hair dye use and fatat
cancers {Thun 1994),

3.3 Main Design Features

This is an ongoing prospective cohort study. By design, no new enrollees were
allowed after 1932; therefore, CPS 1L is a closed cohort study. Individuals leave
the cohort either because they die or because they are lost to follow-up. The
mortality rate ratio is the parameter of interest (i.e., the measure of association of
choice in this study), given the absence of incidence data in this study. In a
cohort study, individuals contribute varying amounts of time under observation.
Therefore, the statistical analysis for cohort studies with time-to-event-data is
based upon survival techniques. In survival analysis the variable under
observation becomes time to event {death from lung cancer or censoring). In our
analyses, we considered as censored observations those individuals who

8S€122Z007
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b) Follow-up

The participants' vital status was determined using two approaches from the
month of enrollment in the Fall of 1982 through December 31, 1989. All
volunteers made personal inquiries in September of 1984, 1986, and 1988 to
determune whether their enrollees were alive or deceased and to record the date
and place of all deaths. Since 1988 a new approach was used: automated linkage
through the National Death Index (INDI) to extend follow-up through December
1989 (Calle 1993) and to identify deaths among 21,704 (1.8%) persons lost to
follow-up between 1982 and 1988. By December 1989, 101,541 participants
(8.6%) had died, 1,080,689 (91.2%) were considered alive, and 2,894 (0.2%)
had follow-up truncated on September 30, 1988. Specifically this group
comprises persons who were followed by ACS volunteers through that point in
time but who had insufficient data on names and date of birth to be sent to NDI
for matching using the linkage system. Death certificates were obtained for 96.8
percent of persons known to have died. Using the system described in the
International Classification of Diseases, 9th Revision (ICD-9), a nosologist
coded lung cancer deaths according to the ICD-9 code (WHOC 1979).

c¢) Baselinhe Questionnaire

Persons enrolled in the study completed and returned a self-administered, four-
page confidential questionnaire that covered 400 items. Appendix C includes a
copy of the CPS II questionnaires for men and women. Baseline questions
inciuded personal identifiers, height, weight, demographic characteristics,
personal and family history of cancer and other diseases; use of medicines and
vitamins; occupational exposures; menstrual and reproductive history; diet and
drinking habits; and other habits, including active and passive smoking (See
below). To classify the active smoking stamus, participants were asked the
standard question: "Do you now or have you ever smoked cigarettes at least one
a day for one year's time?”". The questionnaire for men also inquired about cigar
and pipe smoking. For every type of active smoking, information on number of
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¢) Persons of 30 vears and more.
d) Persons of all races.
e) Period of follow-up: September 1, 1982, through December 31, 1985,

b} Exclusion Criteria

We will exclude from analysis the following persons:

a) Current and former active smokers.

b) Persons with incomplete or unclassifiable data on smoking habits.

¢) Persons who had cancer {except non-matignant melanoma skin cancer) at the
time of the interview, or whose cancer stafiis was unknown.

d) For the analyses of self-reported ETS exposure, we will exclude nonsmoking
participanis with unclassifiable information on self-reported ETS exposure in any
of the following'settings: home, work or elsewhere.

d) For the analyses of spousal ETS exposure, we will also exclude nonsmoking
participants whose spouses are not in the study.

e) persons whose spouses have incomplete or unclassifiable data on smoking
habits.

f} Analyses of intensity, duration and a combined measure of intensity and
duration of ETS from spousal smoking will be restricted to cigaretie smoking
spouses (current and former) with complete data, and who were married only
once (both the nonsmokers and their spouses) at time of interview, and who had
- complete information on age at first marriage (both for the nonsmokers and their

rspouscs).

The analyses of self-reported ETS exposure include 392,226 subjects and 362
deaths from lung cancer. Three people, two women and one men, died shortly
after enrollment, and thus did not contribute person-time, and hence were
excluded from analyses, bringing the number of subjects down to 392,223
subjects and 362 deaths for rnost analyses using person-time. The cohort of
nqnsmokers for ETS from spousal smoking includes 314,108 participants and
265 lung cancer deaths. One of those persons who died promptly after
enrollment was a nonsmoking husband and thus did not contribute person-time
either, and hence was excluded from analyses: for analyses based upon person-
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remained alive at the end of the study pericd (i.e., seven years of follow-up), as
well as those with truncared follow-up or who died from causes other than lung
cancer. Failure times are computed for all individuals to date of death of
subjects who died from lung cancer, our event of interest, or from the remaining
causes of death, and time to end of the study for all others.

As with any observational study, cohort studies are subject to potential
confounding. In cohort studies, stratification and multivariate analyses can be
used to conirol for confounding. In addition, statistical modeling (i.c.,
proportional hazards (Cox 1572) regression model or Poisson regression) can be
used to estimate the ratio of incidence ot mortality rates. Cox regression analysis
can provide estimates of the effect of both continuous and discrete variables and
for time varying covariates (Breslow 1987). Cox proportional hazard modeling
was the primary analytic method used in this study.

3.4. Sub Cohort of Interest: Definition and Source Population

As mentioned above, the study pcpulation is restricted to non-institutionalized
individuals 30 years and older of households in which at'least one household
'member was 45 years old. This study will concentrate on nonsmoking
_participants and their spouses, after applying the inclusion and exclusion criteria
described below. A nonsmnoker in CPS II is defined as someone who never
smoked cigarettes, pipes or ¢igars or who smoked or smoked less than one of
these tobacco products a day for one year's time. The distribution of smoking
habits in the CPS II at time of enrollment is shown in Table 3.

3.5. Eligibility

af Inclusion Criteria
We will include:
a) Never smokers.

b} Both men and women.

Qe L2208
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Table 3. Smoking habits at time of enrollment* of the
CPS 11 population according to gender

Smoking Habits Males

Fernales Total

Never smoked reguiarly 127,165 (25.0) 355,519 {52.6)
Current cigarette smokers 105,954 (20.8)

482, 684 (40.7)
135,092 (20.0) 241,046 (20.3)
Formar cigararta smokars 157,734 (31.0) 138,957 (20.5) 296,691(25.0)
Current pipe/cigar and 14,120 (2.8) - 14,120 {1.2)
cigaretie

Pipefcigar simokers never 22,529 (4.4}

- 22,529 {1.5)
smoked cigarstte

Ex-cigarente, 34,649 (6.8) - 34,649 (2.9)
ex-pipe/cigar
Ex-pipefcigar, current 19,031 (3.7} - 19,031 (1.6}
cigaraite
Ex-cigaretle, current 11272 (2.2} - 11,272 {0.2)
pipefeigar
Uncertain whether current - 12,822 (1.9) 12,822 ¢1.1)
ar former cigarena
smoker
Unclassifiable 16.140 (3.2) 34,140 (5.0 50.280 (4.2)
. _Total 508,594 (100.0% 676,530 (100.0) 1,185,124 (100.0)
Source: ACS, CPS II decumentation codebook.

*-18 study participants died shortly after enrollment and did not contribute
person-time, and four had less than 28 years of age at enrollment.
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time data there were 314,107 subjects and 265 lung cancer deaths. Table 4
sives the details of the application of the exclusion criteria to select the major
analytic ¢ohorts, '

Another sabset of nonsmokers was used as analytic cohort for dose-response
analyses of cigaretts smoking of the spouses. The time they were married to
spouses was estimated, to assess the effect of this variable as well as that of the
pack-years smoked during marriage by smoking spouses. Therefore, we
excluded those spouses married more than ence, since the information available
on age at marriage in the CPS I questionnaire referred to age at first marriage.
In addition to these missing values, there were also missing values (i.e., blanks)
for the number of times married. Figure 4 shows the sequential application of
theses exclusion criteria for analyses of dose-response of ETS from spousal
smoking.

3.6. Variables
Status

The vital status as of December 31, 1989 is a variable assumed one of the
following values: 1) alive, 2) dead, 3) those who had follow-up truncated on
§eptember 1, 1988. The length of follow-up was the difference between date of
entry, and date of follow-up truncation (1.e., Sepiember 1, 1988), date of death,
or December 31, 1989, otherwise. Informative events were deaths from lung
cancer; if subjects died from other causes, they were censored observations, as
were losses to follow-up and subjects alive at the end of the follow-up period.
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Exclusions:

smokers and

0K nonsmokers
with incompiete and 49 deaths
cigarette
smoking data

63,914

Married more nensmokers

than once or
missing data and 63 deaths

Missing age 44 381
af marnage nonsmokers
and 26 deaths

i Main QOutcome

the underlying cause of death.

Figure 4. Exclusions for analyses on dose-response of
ETS from spousal cigarette smoking

314,108 nonsmokers
and 265 deaths

Married to
ever pipe/eigar 55.609

258,499 nonsmokers
and 216 deaths

192,585 nonsmokers
and 153 deaths

148,204 nonsmokers
and 127 deaths*

*Population of 148,204 comprises study group for tables 23, 3840

Death from lung cancer: Subject reported as deceased as of December 31, 1989,
from cancer of the trachea, bronchus and lung (ICD-9 codes 162.0 to 162.9) as
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Table 4

Number of CPS I persons and deaths from lung cancer (ICD-9 162) at bascline and number of eligible for

analyses of scll-reported and spousal ETS exposure

Icesons

Wornen Men

(%)

Total

Deaths (%) Pesons (%)  Deaths (%) Persons (%) Deaths (%)

Total Cohort
Exclisions
1) Lver smoked
2)Unclassifiable
smtoking
3) With cancer
al haseline:
a) lung
b} other®
and missing
dara on cancer af
inferview
4 n) Self-
reporied ETS
exposure
unclassifabled
FFor the spousal
colorl:
4 b) Spousc not
inCPrS 1
5) Spouse had
unclassifiable
active smoking

076,530
286,871

34,140

154

LT

42,655

103,774
7,265

(100

(42.4)
(3.0

(0.0)

{4.6)

6.3

(15.3)

(.1

2,686

2,190

(100.0) 508,594 (1000 5470 (1000) 1185124 (100.0) B,156 (I100:)

(81.5) 365289 (71LB} 5,174 (94.6) 652,160 (5500 7364 (90.3)

03 (3.5) 16,140 3.2 137 {L.5) 50,280 4.2) 232 2.3)

8 (14) 28 ©) 10 02 182 00) 48 (06

0,014 (1.3 22 (0.4} KIAL) 310 26 (L2}

74 27n

43 (1.6} 10,435 (2.0 11 (0.2} 53,090 4.5) 54 0.7
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exposure variables for a subset of the spousal cohort described above. Pack-
years of cigarette smoking during marriage were grouped by quintiles of the
distribution of ETS exposure from spousai cigarette smoking.

Covariates

Potential confounders and effect modifiers included in the analyses were : 1) age,
2) gender, 3) sociceconomic status, as measured by schooling, and race; 4)
exposure to asbestos, 3} frequency of consumption of six groups of fruits/juices
and vegetables, as major sources of carotenoids, 6) total dietary fat as nurrient
index, and 7} a history of tuberculosis and other chronic diseases of the lung.
All these variables were examined as independent risk factors and controlled for
in the analyses. A compiete discussion of potential confounders of the ETS-
lung cancer link can be found elsewhere {Butler 1990, Mantel 1992).

The analysis of these covariates in the CPS I cohort is complicated by missing
data on some of these variables. As will be discussed below for ETS data in
CPS II (Sections 3.8 and Chapter 5), a large proportion of CPS II participants
left blank the relevant spaces provided in the questionnaire. CPS II participants
were nat instructed to record zeros for no consumption/exposure. Regarding
demographic data (i.e., age, and gender) and schooling and race as proxies of
Socio-economic status, there are few subjects with missing data. For two of
these four covariates: 'race’ (1,393 subjects, or 0.4 percent) and schooling
(5,413 subjects or 1.4 percent), subjects will be treated as a separate strata in
multivariate analyses, when blocking on them. Only when obtaining estimates
for covariates with missing data (i.e., included in the model instead of blocking
for them), an indicator variable of missing data will be set up, and hence we did
not block for them (Table 30y, However, there are many more subjects with
missing or blank data on items in the food frequency, history of chronic lung
diseases and occupational history sections, from which the other set of
covariates was derived. The approach we used to deal with these missing data
for food frequency is similar to that followed by Thun et al. in a nested case-
contro!l study of colon capcer in CPS I (Thun ¢t al., 1992). Missing values
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Exposure Variables
Main Exposure Variable (ETS)
i. Self-reported ETS exposure

The average number of hours per day a person reported being presently exposed
to ETS at home, work and other places will be used as one exposure variable
(i.e., self-reported ETS exposure at time of enrollment). We will use the number
of hours a person is exposed at home, work and other piaces, as well as the sum
of the exposures in the three settings, as exposure variables. Dichotomous ETS
exposures will be examined (none versus any), and we will then examine the
number of hours of exposed individuals, grouped in tertiles, and then weated as
ordinal variables for dose-response hypothesis testing.

ii. Spousal Smoking Habits

A second source of information or ETS exposure involves linking non-smokers
with the active smoking habits of their spouses. The questions on active
smoking previously described, plus the information on times married and age at
irlarriagc, and age at interview (both for the index subiects and their spouses),
and age at uptake and cessation of smoking for smoking spouses, were used to
estimate the intensity and duration of ETS exposure from spousal smoking.
Smoking stams (ever and never) as well as cigarettes usually smoked per day by
current ang former smokers will be considered. Pack-years of cigarette exposure
from the spouse will also be calculated by muldplying the number of cigarettes
smoked per day, by the nomber of years the spouse smoked cigarettes while
married to the study subjects.  For the quantitative analyses dealing with
infensity, duration and the combination of these two dimensions of ETS
exposure from spousal smoking, we will restrict the analysis to subjects with
valid inforrnation on these variables above mentioned, as needed to estimate time
in marriage exposed to ETS from spousal smoking. These will be the other main
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The same variable derived in a recently published analysis of CPS II data {Thun
et al., 1992) to assess fat intake from the food frequency section will be used.
Briefly, this variable represents a nutrient index calculated for each person by
surmning the products of consumption frequency of gach food item by the fat
content of a medium-portion size for that food (specific 10 age and sex as
estimated for US adults from the NHANES I survey). Total fat consemption
was divided into quintiles, and CP3S [T nonsmokers in lowest quintile were the
referent group. As for total frequency of foods and vegetables containing
carotenoids, subjects who insufficiently filled the CPS I questionnaire in the diet
section were coded as missing for total amount of dietary fat.

Denominator Information

Person-years denominators werc summed over five-year age intervals for the
time each person was observed. This procedure provided the appropriate
denominators for mortality rates. Person-years accumuiated during follow-up
were stratified by specific characteristics (i.e., exposure variables and
covariates), such as age and smeking history of cohabitees. A data step ‘macro’
procedure for the Statistical Analysis System was developed by the ACS
‘Divisicen of Epidemiology and Statistics that provided person-year stratification.
Jhe follow-up period of a study subject was subdivided into segrnents of months
and, for each segment, age was evaluated at its midpoint.

3.7. Validation of ETS expesure data

Self-reported data on current exposure to ETS were validated using two
approaches:

..
Because the CPS II questionnaires did not require respondents to complete all
fields, many questionnaires contained blanks. To detennine whether these
blanks should be considered negative responses or incomplete questionnaires,
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were considered to represent infrequent consumption and a (.25 times per week
value was imputed. Thun et al. validated their approach by comparing the
prevalence of reported consumption of several food items in CPS I with data
from the National Health and Nutrition Examination Survey epidemiclogic study.
The consumption patterns in the two datasets were simjlar when missing values
were grouped with the categories of 0 or <! time a week in CPS O. Thus, for
analytic purposes we let blanks be zeros and assigned a frequency of once a
month (i.e., 0.25 in a weekly scale ranging from C, none, to 7, everyday) to
answers of < 1 time per week. Our approach also follows that of Thun et al., in
excluding from the multivariate analyses of diet, persons who completed fewer
than five food items or who left blank an entire column of the questionnaire. For
the purposes of adjusting for this covariate and providing an estimate of other
variables such as ETS, these subjects with incomplete data in the diet section
were treated as having missing values, but considered valid values of these
covariates and allowed to form strata as such and will not be excluded.

Following the same rationale, blanks in data on medical history of tuberculosis
and chronic obstructive pulmonary disease and occupational exposures were
considered to represent a negative history of such disease and no exposure,
respectively. As an alternative source to self-reported occupational exposure to
asbestos, any mention of having ever held any of accupations likely to invoilve
exposure to asbestos (i.e., shipbuilders, pipefiiters, as high-dose exposed, and
plumber, construction, duckworker, autorepair, and electrician, as low-dose), or
possibly exposed (i.e., janitor, railroadworker, foreman, machinist, painter,
assembler, welder, miner, sewer, factory worker, firemen, engineers, steel mill
workers, aides, laborers, refinery workers, and military) was used to compare
the mortality experience with that of those who had occupations unlikely
exposed. We followed the approach of Hinds et al. (1985) to rate these trades:
two gaters independently classified the list of occupational codes in CPS O (VMC
and Howard Frumkin, M.D., Dr. P.H.), agreeing in most of the cases. The
final list was completed with the instructions of Dr. Frumkin. The classification
here presented closely agrees with that of Hinds et al. {1985), under the
circumstances of sketchy data on occupations available in CPS II.
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the agreement by chance Pe is given by
Py = (Pl'p-l + Pz,p,?_)
and the observed agreement Pg by

k
Fp = z‘glpii

where k denotes the observers (two in our example).
11+ p22
f_,___e____[(pl.*p.l)q,(pg.*p.g)]

_ pll+ p22

n

In our example: k=

i

The standard error of k, lening pij be the proportion of subjects assigned to category i
by rater 1 and category j by rater 2,

SE(R) = Nla+b-o)
1- P,vn

where

k .
a= Z Pﬁ[i - (Pi_ + PI)U -k

=]
b=(1-K% 5 p.(p,+p;)
. i T

and
¢ =1k - p(1-BF .
{Cfr. Brilliant et al.,1983).
Interpretation of estimates of k follows the criterion outlined by Landis and Koch:
"values greater then 0.73 or so may be taken to represent excellent agreement beyond
chance, values below 0.40 or so may be taken to represent poor agreement beyond

chance, and values between 0.40 and 0.75 may be taken to represent fair or good
agreement beyond chance " (Fleiss 1981).
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we compared UPS-H'data &n £ 15 eXposure il iome wilnl datd Tromm e 1988 Nanonal
Health Intetview Survey (MMWR 1992, NCHS 1988). No previous population
based surveys inquired about ETS exposure. The 1988 NHIS included a set of
questions for adults about their lifetime working status and their work experience in
the year before the interview. The 1988 NHIS included information about ETS
exposure for 44233 respondents, based on the questions: "Do vou live with a
smoker?", and "Do they smoke at home?”. Comparisons were made using direct
standardization for age, race and gender, and 1aking the weights from the 1980 US
Popularion (US Census Bureau 1983),

A second validation study involved a comparison within CPS II, comparing self-
reported ETS exposure with the smoking status of cohabitees and spouses enrolled in
the CPS II cobort. Persons living with or married to nonsmokers or former smokers
should be less likely to report any current exposure (o0 ETS at home than perseons living
with or married to current smokers. We tested the agreement between these (wo

independent measures of exposure to ET5.

Thus, the number of current smokers among household members in CPS II was
estimated and compared with the self-reported number of hours of ETS exposure at
home. The smoking status of spouses was also compared with the self-reported
number of hours of ETS exposure at home (e.g., stnoking status of spouse versus
number of hours exposed to ETS, and packs of cigarettes smoked by current cigarette
smoking busbands). The agreement correcting for chance was measured using the k

statistic (Fleiss 1981).

For the most simple case of the agreement between two observers, a two by two table
analysis is displayed as illustration of the method:

Qbserver | Observer 2
Present Absent Total
Present pll pl2 pls
Absent p2l p22 pas
Total pel pe2 n

where pij are expressed as fractions of n (i.e., total sample size), and . denote

marginals.
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National Cancer Survey (TNCS), the underlying cause of cancer deaths as

. determined from death certificates was compared to the hospital diagnoses for
48,826 resident cases of single primary cancers. The death certificate diagnosis
was confirmed by the hospital diagnosis in 9,560 (93.9%) out of 10,178 lung
i cancer deaths {Percy 1981).

i To validate the use of information on lung cancer diagnoses from death
' certificates, we conducted a validation study. In particular, we assessed whether
deaths coded as "lung cancer” in nonsmokers were truly primary lung cancer of
metastatic from other sites.

For 30 deaths for which lung cancer was considered the underlying cause of
death in CPS II nonsmoking participants who resided in SEER registry areas, we
compared SEER diagnosis with underlying cause of death on death certificates.
These 30 deaths represent 9.7 percent of all deaths from lung cancer as of
August, 1988, among never smaokers free of cancer at the beginning of the
follow-up (i.e., 296 deaths of "incident cases” that had occurred as of August
1988). The NCI-SEER Program cancer registries cover approximately 9.5
percent of the US population (INCI SEER 1991).

Finally, we reviewed gach one of the death certificates in the analytic cohorts,
] and checked for inconsistencies in the selection or coding of the underlying cause
_of death. In doing so, our assumption is that the most critical parameter for the
purpose of the study validity is in its specificity rather than sensitiviry
(Kleinbauwm 1982).

3.10. Statistical Analysis

Cutline of the Analytic Approach

The analytic approach to be used is outlined in Figure 5. After checking and
editing the main exposure variables and covarfates described below, the analyses
followed these steps :
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poor agreement beyond chance, and values between 0.40 and 0.75 may be taken
to represent fair or good agreement beyond chance " (Fleiss 1981),

3.8. Exposure Criteria Used In Analysis
i. Self-reported ETS Exposure

Persons with blank spaces in the questionnaire for ETS at home, work and other
places were considered unexpaosed (i.e., 0 hours of exposure). Persons with
unclassifiable information on ETS exposure were excluded. The three fields
{hours of ETS exposure at home, work and other places) were added to obtain a
cumulative exposure variable,

ii. Spousal ETS Exposure

Most published epidemiologic studies have relied on spousal smoking history,
rather than on self-reported exposure. Indeed, as shown in the meta-analysis
presented above, the strongest evidence of a causal relationship derives from
spousal smoking. Spouses generally have a closer and longer relationship with

the study subjects than do cther adult household members. Therefore, we will

.{ use information on the smoking status of spoases, number of cigarettes, pipes
| and cigars smoked and for spouse-pairs married once in their lifetime, we

computed time in marriage nonsmokers were exposed to ETS from spousal
cigarette smoking as described before combined with the information on the
quantity usually smoked by spouses to estimate pack-years.

3.9. VYalidation of Information from Death Certificates

Metastatic cancers to the lung may comprise a larger proportion of "lung cancers”
in non-smokers than among smokers, A number of authors have studied the
accuracy of cancer death certificates by comparing the specified underlying cause
of death to autopsy diagnosis and more specific hospital and pathologic data. In
one of those studies, using data from eight of the nine areas included in the Third
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Entire cohort
1.2 million
subjects

Figure 5. Qutline of Analytic Approach

Excluding smokers, persons with

+ \ cancer at the start of f/u, ete,

Self-Reported
ETE

392,226
subjects*

Spousal
ETS 314,108
subjects**

Analysis

on self reported
number of hours
of ETS

Rate ratio analysis
and Cox regression for

Analysis on smoking Hypotheses

history of spouses
{starus and quantity)

1) Test gverall association
Bivariate and muldvariate

T

For deration and
intensity*duration
of ETS from spousal
cigarete
smoking

groupexd Rate ratio analysis analysis {adjusted for
and ordinal data and Cox regression for sanfounders)
grouped
and ordinal data
v 2) Concomitant variation
148,204
subjects*** Bivariate and multivariate

analysis (adjusted for
confounders)

*Tables 25-33 and 41
**Tables 34-37
**+Tables 35-40

Using the methods described below under the sections of simple and stratified
arialyses and Cox regression for both the self-reported ETS and spouse-pairs
cohorts, the null hypothesis of no association between exposure to ETS and
lung cancer was tested comparing the rates of lang cancer among nonsmokers
according to self-reported hours of exposure to ETS and the smoking status of
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1) For the self-reported ETS cohort:

a) Simple and stratified analyses using rate ratios of any versus no ETS

exposure, followed by multivariate analysis using Cox regression to adjust for
potential confounding.

b) Rate ratios of hours of ETS exposure per day (summed over the three settings:
home, work and other places) grouped by tertiles, and using this varibles as

categorical first, and then as ordinal in Cox regression analysis, coutrolling for
potential confounders.

2) Spousal ETS cohort:

a) Simple and stratified analysis using rate ratios of the smoking status and type
of smoking habits of spouses (ever versus never, any cigarette, pipe/cigar versus
never), followed by multivariate analysis using Cox regression to control for
potential confounders. Additionally, the amount of cigarette smoked during
marriage was grouped into quintiles and compared using the rates of nonsmoking
participants married to nonsmoking spouses as the reference.

Also we assessed the strength of the association of potential confounders with
the risk of lung cancer, as well as the distribution of covariates among the
exposed and unexposed to ETS (both self-reported and from spousal smoking).
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We used the binomial distribution in the statistical analyses of simple 2x2 tables
and stratified analyses. Under the null hypothesis, the number of exposed cases
4, is unrelated to that among the unexposed, using the theorem of conditional
probability, and given that the total number of cases M is fixed, & is a variable
that follows a binomial distriburion (Breslow 1987). Also, it has been shown
that given the distribution of one of those binomial variates conditional on the

total number of cases, a follows the hypergeometric distribution; and if the

conditions %—{L = O,yf“—- => (Jare met, the limit is a Poisson distribution with

parameter M}N‘ (Miettinen 1983).

Exact binomial 95 percent confidence intervals around rate ratios were calculated.
Simnple analyses were {ollowed by a stratified analyses. A basic feature of the
method used to estimate age-time-specific monality rates consists of determining
for each subject the amount of follow-up time contributed to a given age times
calendar period category and to sum up those contributions for all the members

of the CPS II cohort to obtain the total number of person-years of observation in
a given category.

Since ratios of age-specific cancer incidence are more constant, the measure of
choice was ratio of rates rather than rate differences. Age-adjusted rates were

calculated using the entire CPS II person-years population as standard. The
formula for a standardized rate is:

_Zwk
B W,

H

SR

Weighted averages of stratum-specific effect measure estimates were obtained

using as weights the product of the weight from the standard and the rate among
tke unexposed:
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Precision-based variance estimate for this expression has two terms using

approximate variance estimates of the rates to substitute then in the formula:

2V r(RRI ) ZWZVar(RRO )
(ZwR; )2 (Sw, RO

Var{ln(SRR)] =

Comparison groups were each one of the self-reported ETS and spousal smoking

catcgories taking the unexposed categores (i.e., never smokers) as referent,

Categorical variables were formed using the unexposed as referent and dividing
exposed into tertiles or quartiles.  For the stratified analysis the Mantel-Haenszel
method {Mantel 1959) was used. This method uses as weights the contribution
of unexposed cases times the number of exposed person-years to the total of each
stratum: it is a simple noniterative estimator for a uniform rate ratio and is nearly

as efficient as the maximum likelithood estimator (Rothman, 1986):

= ZaiN (y
- T.
1 I

IDR(m—h) - biNli
T,

where a; and b; are exposed and unexposed cases, NJ; and Ng; are exposed
and unexposed person-time denoounators, and T; are the totals for the ;

stratum. Rothman {1988) reviewed wvariance estimators of the above point

estimator of the Mantel Haenszel approach. A stable formula for the variance
that considers each aj to be an independent binomial variate conditional on Nij

is:
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Both the Mantel-Haenzsel and the maximum likelihood summary rate ratio
estimators were computed using a "rapidly converging network” algorithm
(Guess and Thomas 1990), which in turn uses an F-distribution algorithm
developed by Brownlee as used in programs #12 and #15 of Rothman and Boice
(Rothman 1982). A program that uses these algorithms and developed by
Simons, Campos-Filhe and Nechi (IDR-E) which provides mid-p values for
exact binomial confidence limits, was used.

Confounding and effect modification were assessed following standard criteria
(Miettinen 1981, Greenland 1989), and the stratified analysis led to select
variables for statistical modeling, After reviewing the published literature
comprising more than 30 reports of epidemiologic studies which found no
evidence of confounding, it was anticipated that confounding in this study was
-unlikely to occur. Confounding by age, marital status, and education (as an
- indicator of socioeconomic status) was assessed. Even if no change in estimate
by these potential confounders was found, we obtained and reported, at least,
age-adjusted rate ratios, or age-gender adjusted RR when appropriate given that
age ig the major determinant of the risk of lung cancer among nonsmokers.
Assessment of confounding by other well established risk factors such as SES
{(i.e., 'race’, and schooling), dietary intake of foods containing carotenoids,
dietary fat, and asbestos exposure was also conducted, because we assess the
.ETS-lung cancer hypothesis only when other factors known a priori to be
causally related to lung cancer are taken into account. Effect modification was

predicted to occur by asbestos occupational exposure. 1t is known that active
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smoking acts synergistically with asbestos exposure to account for excess risks
amang those exposed to both asbestos and active smoking (Selikoff 1968).

Multivariate Analysis
Multivariate analyses using Cox regression analysis (Cox 1972) were used as the

major anaiytic tool in this research. The general form of the stratified model
which uses a partial likelihood function is:

bx +b x,+.+b x
A, 6X) =2 (e momz7z " e
where t represents a continuous variable (i.e., length of follow-up, age); A() is
the mortality rate of persons with specified values of variables X1, X2, .. Xp;
and A, (r) is the baseline mortality rate (i.e., of unexposed persons}) at the t level

of the continuous variable, and the g subscript indicates the g-th stratum of
categories of the covariates in the model.

The choice of the model is based upon the type of data. In order to obtain the
greatest control over confounding by age and other covariates, the proportional
hazards model takes into account the contribution of the set of person-time "at
risk” and provides adjustment for covariates to simultanecusly estimate their
effects or to block those covariates for which the proportional hazard assumption
;rﬁght not hold. In addition, this model has fewer assumptions (i.e., assumes
no parametric distribution, only that the rates have the same ratjo over time, a
multiplicative model takes place, and that the occurrence of disease in each
subject is independent of the occurrence of disease in other subjects).

Hypothesis testing was carried out using the likelihood ratio statistic [-2IlnL
reduced mode] minus - 21nl. full madel], via maximum likelihood estirnation
prc;cédmcs available in the PHREG Procedure of SAS (SAS 1991). A formal
iest of heterogeneity was provided by the likelihood ratio test for fitting the
proportional hazards model. The change in estimate criterion and allowing for a
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priori knowledge of potential confounders (i.e., by age even if it had not shown
up as confounder in the data) (Greenland 1989) were used in model building.

Concomitant variation in the stratified analysis step was assessed contrasting the
rates of lung cancer among ETS unexposed non-smokers o k categories of ET'S
exposed non-smokers. Ordinal variables were created from categories of
dummy variables to test the hypothesis of increasing rates by increasing levels of
exposure to ETS using the likelihood ratio test. We treated & pumber of
categories of cumulative exposure (i. e.,, k& categories of number of hours
exposed to ETS, or pack-years of cigarettes smoked by spouses), as continuons
variables. Adjustment for covariates was allowed in testing this hypothesis by
blocking for them.

Regression diagnostics used include plotting survival curves {log -log (51(1)) and
log -log(So(t)] and checked for a pattern of paraliclism (a constant ratio). For
most analyses the estimates were obtained by blocking for them, rather than
including them in the model. However, when estimates were obtained for the
covariates, all of them aleng with the main exposure were included in the model.
Kaplan-Meier survival estimares were computed for the main exposure variables,
as well as the covariates and the above mentioned graphic approach was used to
check for the proportional hazard assumption.

3.11. Sample Size and Power Considerations

The statistical power attained by the sample size of this study to detect different
values of the rate ratio, including the point estimates from this study, was
computed using the following estimator that assumes the rate ratio is a binomial
parameter (Breslow 1987):

-
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1 B=1-O(A)=
M (M) NRR ¥ NRR MF
Prix2X )= 3 |\ rkens W REEN
x=X, 1 0 1 0

where X is the most extreme value in the acceptance zone under the the null
hypothesis. One way of estimating X A is by using the beta distribution with

parameters [- o and the expected number of exposed and unexposed cases under
the null.
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Chapter 4: Comparisons of Demographics and
Smoking Habits in  the US, CPS II, and the Study
Populations
Rationale

A comparison of the 1980 US population with the CPS [I population and
specifically with the two analytic cohorts (i.e., 1) self-reported ETS and 2)
spousal ETS by gender, age, race, ccoupation, education, geographic residence
and smoking habits, is presented below. We used the population figures from
the 1980 US Census as standard for age-adjustment, unless specified otherwise,
because it was the Census closer in time to the cohort at the time of enroliment.
Therefore, we excluded for the purpose of these comparisons those CPS II
participants who resided in Puerto Rico, since they were not included in the 1980
US Censuos. Comparisons with the 1983 National Health Interview Survey (U8
DHHS Surgeon General 1989) figures are also presented.

These comparisons lend a general perspective to better understand the analytic
cohorts, and particularly to generate a profile of the demographics and smoking
habits of the subjects in the smudy cohorts.

1 Race

Demographic information in the US is available by race’. Race is a proxy of
socioeconomic status and was used here for the purpose of demographic
comparisons. Twelve percent (or 26 million) in the US are blacks. In CPS TI
they represent 4.4 percent (or 52,038) of the participants. For these reasons,
further comparisons of demographics were restricted to whites.

Gender and Age Structure

The ratio of males to females (or gender ratio) in CPS I is considerably lower
(0.75) than that among persons 30 years and older in the 1980 US Census
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{0.88). Participants in this large cohort were more likely to be in their 50's and
60's at enrollment {Tables 5 and 8). Nonsmoking men and women (i.e., in our
analytic cohorts) did not differ in their age distribution from the entire ¢ohort
{median 57 years in both groups).

Table 5. Comparison of age distributions of white males 30 years
and over, in the US population in 1980, with CPS II participants®,
and analytic cohorts*

Men
Age 1980 Entire Self- Husbands
Group Census o cps I % reported %  (spousal %
ET3S ETS)

30-34 7,386,562 164.1 7,610 1.6 3,078 3.0 1,126 1.2
35-39 5,848,891 12.7 9.270 1.9 2,890 2.8 1,875 2.0
40-44 4,862,473 10.6 15,052 32 3,890 37 3,.286 3.4
4549 4,616,347 10.1 68,776 14.4 17,079 164 16,003  ]6.8
50-54 4,925,489 10.7 87,030 18.2 19,141 18.4 18480 19.4
55-5% 4,877,635 10.6 91,236 19.1 17,647 16.9 16,863 17.7
60-64 4,199446 9.1 79,344 16.6 15,804 15.2 15306 160
65-69 3,470,295 7.6 58,162 12.2 11,861 11.4 11,406 11.9
70-74 2,565,929 5.6 35,487 7.4 7,069 6.8 6.534 6.8
— 75-79 1,652,668 36 17,045 36 3,687 3.5 3,206 34
20-84 918,166 2.0 5,909 1.2 1,361 1.3 1,029 1.1
85+ 603.663 1.3 2,419 0.5 624 0.6 330 0.3

Total  45.927.564 100 477.340 100 104.131 100 95.474 100

*Excludes CPS II participants who resided in Puerto Rico
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Table 6. Comparison of age distributions of white females 30
years and over, in the US population in 1980, with CPS II
participants*®,
and analytie cohorts*

Weorten
Age 1980 Census : Entire Self- Wives
Group Fa CPS I % reported %  (spousal %
ETS ETS}

30-34 7411223 142 11,764 1.9 5.591 2.1 2,971 L5
33-3%  5.949,670 1.4 18,831 3.0 7.579 29 5,753 2.8
4044 4,981,237 9.5 44,595 7.1 18,241 6.9 16,858 8.3
45-49 4,807,473 9.2 91,972 147 37349 142 34006 16.8
50-54 5,249,428 i0.0 106,175 17.0 43,434 14.5 38,805 192
55-59 5,409,320 103 107,900 17.2 43,736 16.7 38,098 18.8
60-64 4,826,403 9.2 92,102 147 38,274 14.6 30,949 153
65-69 4,344,316 8.3 68,889 11.0 28,367 10.8 19,637 9.7
70-74 3,562,454 6.8 44,568 7.1 16,731 7.5 10,295 5.1
75-79 2,667,213 5.1 23.892 338 11,736 4.5 3,866 1.9
80-84 1,756,793 3.4 2,915 1.6 5,366 2.0 881 0.4
85+ 1.400.053 2.7 J.3350 0.9 3.165 1.2 160 0.1

Total 52.365,603 100 625.934 100 262.589  100.0 202,279 100
*Excludes CPS II participants who resided in Puerto Rico

Occupation

The types of occupations presently held by CPS I employed white participants
were categorized into white and blue collar occupations. Managerial and
professional specialty occupations, technicians and related support occupations,
sales occupations, and administrative support occupations including clerical
represented white collar occupations. Precision production, craft, and repair
occupations, operators, fabricators, and laborers were classified as blue collar
"occupations. For these comparisons we excluded subjects with the following
occupational codes in CPS II: housewives, disabled, retired, and subjects with
none or unspecified data on occupations.
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CPS 1 participants wers more likely to be engaged in white collar occupations
(Table 7). White women in CPS II were more likely to hold white collar jobs
than white men, in a higher proportion than their counterparts in the entire US

population do. Nonsmokers did not differ from the entire cohort with respect to
their occrpations.

Table 7. Comparison of occupations of employed white persons

30 years and over, in the US population in 1980, in CPS II

participants*, and analytic cohorts*

a. Men
1930 Entire Self-reported  Husbands
Type of Census Cps I ETS (spousal
Jobs {96} (%) (%) ETS)
(%)
White Collar 18,165,788 200,612 47,889 43,501
(55.8) (73.7) {(74.3) (73.7)
Blue Collar 14,409,714 71,718 16,573 15,684
{44.2) (26.3) {(25.7) {26.3)
Total 32,575,502 272,330 64,462 50,585
(100.0) {100.0) {100.0) (100.0)
b. Women
= 1980 Entire Self-reported Wives
Type of Census CPS I TS (spousal
Jobs (%) (%) (%) ETS)
(%)
White Collar 18,464,642 221,093 91,700 70,404
(84.8) (94.6) (94.3) (94.5)
Biue Collar 3,299,972 12,553 5,518 (8.7 4,137 (53.9)
o (15.2) (5.4)
Total 21,764,614 233,646 97,218 74,541
(100.0) (100.0) (100.0) (100.0)

*Excludes CPS I participants who resided in Puerto Rico
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Schooling

Nonsmoking CPS II men and women were more educated than smokers in CPS
II as is also true for the rest of the US populaticn, as reflected by their
considerably higher rates of college graduates (Table 8). The enure CPS IT
cohort, after adjustment for age is also more educated than the US population as
a whole (28% of college graduates in CPS IT women versus 12% in the US
populations over 30 years of age). Nonsmoking men in the analytic cohorts (in
the cohort for analyses of self-reported ETS and among nonsmoking husbands
for analyses of ETS from spousal smoking) were more educated than the rest of
the CPS II men,

Table 8. Comparison of the proportion (%) of college graduates
among whites in the US population in 1980, CPS II participants§,
and analytic cohorts§

[ Men -1 I- Women -
Age us CPSIO SRETS Hus- us CPS I SRETS Wives
group Census 1 bands Census 91
30-34 31.5 49.6 62.5 66.0 21.4 40.4 47.1 437
35-32 277 48.4 61.1 64.3 17.2 34.9 339 37.9
40-44 23.6 43.8 56.7 56.6 13.6 30.8 32.¢ 313
4519 22.6 46.2 56.9 56.5 11.6 28.9 288 28.4
_ 50-24 19.7 43.1 53.1 52.4 10.3 26.6 25.3 25.0
55-59 17.0 39.0 47.6 47.1 8.5 23.0 21.7 214
= 60-64 13.2 32.6 40.0 398 8.2 21.1 203 20.6
65-69 11.4 27.1 329 33.2 8.0 20.8 20.0 20.5
70-74 11.1 26.1 30.2 30.9 8.3 2.4 21.1 222
75+ 9.1 24.8 27.8 30.0 6.7 21.2 13.0 20.3
Ag_c 20.6 40.4 501 51.0 12.0 279 28.1 28.2
_Adjusied

§ Excludes CPS II participants who resided in Puerto Rico

§ SRETS: Self-reported ETS cohorts

* The standards are taken from 1980 US Census race-gender specific
. pqpulations
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Marital Status

As shown in table 9, CPS II participants were more likely to be married than the
rest of the US population, a fact that may be related to their more affluent status
and the way they were enrolled. There were more unmarried women, and
particularly single women in CPS II than unmarried men. This difference may
be explained by a more active participation of women in recruiting people (i.e.,
ACS volunteers), whereas the men were more likely to get enrolled in CPS I as
members of family sroups.
Table 9. Comparison of the proportion (%) of married

whites in the US population in 1980, white CPS II
participants§, and analytic cohorts§

Men Women
Age group US CPSII SRETS Us CPSI SRETS
Cansus 1 Census
30-34 774 62.4 60.6 794 67.4 67.6
35-39 83.5 80.7 77.2 82.0 82.3 82.4
40-44 25.8 91.3 90.4 82.8 91.4 92.4
4549 86.6 959 95.7 82.2 88.6 90.9
50-54 86.5 96.4 96.5 79.6 87.0 9.1
55-59 86.8 96.8 96.6 75.1 83.3 85.9
60-64 86.3 96.7 98.8 67.2 77.0 79.9
65-69 842 95.9 96.2 56.2 65.7 68.4
70-74 B80S 94.2 94.3 43.6 51.7 54.3
= 1579 74.8 90,3 91.7 30.1 35.3 36.2
80-84 65.3 83.2 83.6 17.9 19.8 19.9
85+ 48.8 62.0 0.3 8.3 7.9 1.7
Age 82.8 87.3 86.5 67.9 71.8 73.3

Adised ____ N
§Excludes CPS II participants who resided in Puerto Rico

q SRETS: Self-reported ETS cohorts

* The standards are taken from the 1980 US Census race-gender specific
populations

- -
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Residence

The distribution of the CPS II by territory in general resembles the diswribution of
the US population (Table 10). A few States in the South (e.g., Texas,
Oklahoma), the Mid-West (e.g., Missouri} and the North-East (e.g., New York)
showed a deficit with respect to the distribution of the US population. Two
States, Minnesota and Utah, had an osutstanding participation rate, reflecting the

activities of the ACS Divisions and perhaps the advancement of public health in
those comrunities.

Smoking Habits

The age-adjusted prevalence of smoking habits in CPS II and the {983 HIS is
shown in Table 11. Prevalence {igures of smoking habits in CPS Il are similar
o those of the US population by 1982,
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by State of residence

Table 10. US population in 1980, and CPS II participants*

CPS CPS
I I

State Us Men Women State GS Men Women
Alabama 1.7 1.7 1.8 Montana 0.4 0.4 0.4
Alaska 02 o1 0.1 Nebraska 0.7 1.1 1.0
Arizona 1.2 1.4 1.4 Nevada Q.4 0.2 0.2
Arkansas [.0 1.3 1.3 N Hamp. 0.4 0.4 04
California 10.5 8.7 8.9 New Jersey 3.3 3.7 3.7
Colorado 1.3 1.2 1.2 New Mex 0.6 0.5 0.5
Connecticut t.4 1.7 1.7 New York 7.8 5.8 6.0
Delaware 0.3 0.3 0.3 NCarolina 2.6 [.8 1.8
b.C. 0.3 0.1 0.1 N Dakota Q.3 0.6 0.5
Florida 4.3 4.8 4.9 Ohio 4.8 4.5 4.5
Georgia 2.4 2.6 2.6 Oklahoma 1.3 0.0 0.0
Hawaii 0.4 0.2 0.2 Cregon 1.2 1.3 1.4
Idaho 0.4 0.6 0.5 Penn 52 6.4 6.5
Nlinois 5.0 5.6 5.6 R Istand 0.4 0.7 0.7
Indiana 2.4 2.8 2.8 S Carelina 1.4 1.2 1.3
Towa 1.3 1.5 1.4 S Dakota 0.3 0.6 0.5
Kansas 1.0 1.5 1.5 Tennessee 2.0 2.6 2.7
Kentucky 1.6 1.5 1.6 Texas 0.2 4.6 4.5
Lousiana 1.9 0.9 1.0 Utah 0.6 2.0 1.9
Maine Q.5 0.6 0.6 Vermont 0.2 0.2 0.2
Maryland 1.9 28 2.7 Virginia 2.4 2.7 2.3
Masss 2.5 2.0 2.0 Washington 1.8 1.8 1.8
~ Michigan 4.1 38 3.7 W Virginia 0.9 1.0 1.1
Minnesota 1.8 32 3.0 Wisconsin 2.t 2.7 2.6
Mississippi 1.1 0.9 09 Wyorming 0.2 g2 02

Missouri 2.2 1.3 1.3

*Excludes CPS II participants whe resided in Puerto Rico
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Table 11. Age-adjusted prevalence* of current, former, and
never cigarette smoking, CPS IT and NHIS-83

Current Former Never
Crs I HIS CPS HIS CPs HIS
I I
Men
Whits 30.1 31.1 44.4 43.5 25.5 25.4

Black 42.5 41.8 31.6 32.1 25,9 26.1
Women

‘White 20.4 26.0 22.5 19.7 57.1 54.3
Black 26.2 27.4 15.8 14.4 58.0 58.2

*{Percent). Standard population: CPS O
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Chapter 35: Validity and Completeness of the

Information

On the Outcome Variable

i. Follow-up Procedures

A validation study of the CPS II automated follow-up procedure has been
conducted previously using the National Death Index (NDI} (Calle, [993), In a
linkage of over 15,000 persons whose vital stams through 1988 had been traced
through manual follow-up, 4,686 out of 5,046 (or 92.9 percent) of all deaths
known to ACS volunteers were identified by the National Death Index . Since
the use of automated follow-up in CPS II started in 1988, when there were 340
deaths from lung cancer ascertained by volunteers, another 22 have been
ascertained by the use of the NDI. At a false-negative rate of 7% for the
automated procedure, less than two deaths would have been missed in our study
(i.e. 0.07%22=1.54) , by using the automated procedure instead of ascertaining
deaths by ACS volunteers . As noted earlier, follow-up of vital status is
complete for 99.8 % of all enrolled subjects, and of those 101,541 deceased
subjects only 3,258 (3.2%) did not have a death certificate {ACS: Update of the
CP5-1I Master Index Vital Starus report, April 12, 1993),

ii. Results of Validation Study of Death Certificate Diagnoses of

Luong Cancer

For 30 deaths for which lung cancer was considered the underlying cause of
death in CPS W nonsmoking participants who resided in SEER registry areas,
SEER diagnosis was compared with the underlying cause of death on death

certificates,

In 29 subjects classified as primary lung cancer by death certificates, SEER
Cancer Registries also diagnosed primary lung cancer in 27, and for two, the
primary site was listed unknown in the SEER database. For no cases was the
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disease known 1o be metastatic from other sites to the lung. In 25 of these 29
[ung cancers (86.2 percent), the specific histologic type was known to the SEER
Cancer Registries, and in 64 percent they were adenocarcinomas.

From this small validation study we conclude that ung cancers coded from death
certificates generally correctly classify deaths from primary lung cancer. The
confirmnation rate was 93.1 percent (27/29), similar to that found in the TNCS
study (Percy 1981). Even in the two instances in our validation study in which
the primary site of cancer was unknown, the diagnosis of lung cancer was not
ruled out.

Main Exposure Variables

i. Self Reported ETS Expeosure in CPS II and NHOIS

As mentioned above, because the CPS II questionnaires did not require
respondents to complete all fields, many questionnaires contained blanks (Table
12). Twenty-three percent of the questionnaires filled by men and thirteen
percent of those filled by women were left blank in the three spaces provided for
self-reported number of hours exposed to ETS (i.e., at home, work and other
places).  Table 13 displays in detail the patterns of answers from CPS I
enrollees to the questions: " Whether or not you smoke, on the average, how
many hours a day are you exposed to cigarette smoke of others? At home?
" (hours); At work (hours); In other areas? (hours)". As shown in this table,
—most times a space was left biank when valid answers were provided for at least

one of the three environmenis.
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Table 12. Answers to question in CPS II on reported hours
of ETS exposure at different settings
a. All Men in CPS TI

Hours Home % Work % Other To
Places
0 196,031 38.3 124,114 244 101,533 20.0
1 15,107 3.0 52,856 10.4 71,040 140
2 12,258 2.4 24,834 4.9 26,533 52
3 £.649 1.7 9,089 1.8 6,979 1.4
4 18,363 3.6 13,359 2.6 6,240 1.2
5 8,678 1.7 5,059 1.0 1,714 0.3
6 11,904 2.3 8,527 1.7 1,384 0.3
7 2,621 0.5 3,985 0.8 280 0.1
8+ 37,827 7.4 80,478 15.8 4,710 0.9
Blank 180,924 35.6 163,357 32.1 261,885 51.5
Unclass 16,232 3.2 22,936 4.5 26,296 5.2
Total 508.594 100.0 508,394 100.0 508,594 100.0

All three fields left blank
All three fields with unclassifiable data

65,9599 (13.0%)
5,006 (1.0%)
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b. All Women in CPS I

Hours Home % Work % Other %
_ Places

0 208,404  30.8 154,373 22.8 99,953 14.8

1 16,103 2.4 40,117 5.9 46,088 6.8

2 14,029 2.1 16,636 2.5 20,148 3.0

3 10,952 1.6 6,243 0.9 7,061 1.0

4 20,430 3.0 8,937 1.3 4,726 0.7

5 13,642 2.0 4,766 0.7 1,385 0.2

6 15,753 23 7,204 1.1 925 0.1

7 4,087 0.6 6,630 1.0 181 0.0
B+ 59,412 g.8 59,133 8.7 4,393 0.6
Blank 282,326 41.7 343,165 51.0 433,178 64.0
Unclass 31,382 4.6 27,326 4.0 58,485 3.6
Total 676,530 100.0 676,530 100.0 676,530 100.0

All three fields left blank 156,249 (23.1%)

Al three fields with unclass data

6,285 (0.5%)

L6€1222052
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Table 13. Patterns of answers given by CPS II participants to self-

assessment
of number of hours exposed to ETS
~Sewung Men YWomen
Home Work Other
hours hours hours % To
. 65,999 12.98 156,249 23.10
0 5,732 1.13 8.565 1.27
1 to 8 26,097 5.13 24,543 3.63
. Q* 8,993 1.77 22,486 3.32
] . 4,422 .87 5434 0.80
0 0 186 0.04 173 03.03
1] 1 to 8 130 0.03 100 0.01
0 9 30 0.01 80 0.01
1 to B . 50.206 9.87 47,135 6.97
. 1 to 8 0 319 0.06 186 0.03
1 to8 1 to 8 7.361 1.43 4,263 0.63
1 to 8 9 373 0.07 745 Q.11
9 . 9,208 181 9,946 1.47
9 0 25 0.00 18 0.00
. 9 1 to 8 110 0.02 119 0.02
. 9 9 1,733 0.34 2,232 0,34
0 . 7.704 [.51 18.908 2.79
0 0 2,334 .46 4.372 0.65
0 1to 8 2216 0.44 3,743 0.55
0 . 9 43] 0.08 2,613 0.39
0 0 . 11,190 2.20 27,148 4.01
0 0 0 65,314 12.84 72,162 10.67
0 0 1 to 8 28,323 5.57 22997 3.40
0 0 9 4,791 0.94 13,632 2,01
- 0 1 o8 . 21,994 4.32 19,751 2.92
1} 1 to 8 0 19,818 3.90 8,292 1.23
0 lto 8 1 to 8 28,225 5.35 10,249 1.51
0 1to 8 9 1,284 .25 1,871 0.28
0 9 . 654 .13 841 0.12
0 9 i} 522 0.10 354 .05
O 9 1 to 8 259 0.06 265 0.04
0 9 9 932 0.18 1,206 Q.18
l1to8 . 31,703 6.23 77,326 11.43
1 to 8 . 0 145 0.03 142 0.02
tws 1 to 8 5,311 1.04 6,890 1.02
1t 8 . 9 167 0.03 876 0.13
1t 8 0 . 2,244 Q.44 5.009 0.74
1 ta 8 0 Q 4 146 0.82 4,022 0.59
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1to$8 0 1to 8 3,050 0.60 2,810 0.42
1to8 0 9 174 0.03 505 0.07
Ito8 1to & . 46,980 9.24 44,622 6.60
lLto8 1t 8 0 2.897 0.57 [,5i8 0.22
1t08 1tod 1to3B 17,191 3.38 3,415 1.24
l1to8 1to8 9 791 0.16 L3l6 0.19
1to 8 9 . 206 0.04 432 0.06
lto8 9 ¢ 17 0.00 19 .00
1lte 8 9 1t8 123 0.02 %6 0.01
1to § 9 9 262 0.05 420 0.06
9 . . 5,362 1.05 14,569 2.15

9 . G 15 0.00 13 0.0¢

9 . 1t 8 69 0.01 133 0.02

9 & 1,079 0.21 3,735 0.55

9 0 . 37 0.01 7t 0.01

9 0 Q 27 0.01 76 0.01

2 B 1to8B i 0.00 23 0.00

9 0 9 39 0.0 131 0.02

9 It?d 390 0.08 922 0.14

9 I1to8 0 10 0.00 11 0.00
9 1to8 1¢to8 137 0.03 62 0.01
9 1to 8 9 211 0.04 306 0.05
2 9 . 3,586 0.71 4,815 0.71
9 9 0 26 0.01 28 0.00
9 Y 1 to 8 227 0.04 200 0.03
9 9 9 5,006 0.98 6,233 0.93
Total 598,594 100.00 676,530 100.00

*a 9 code means that unquantifiable answers (wording Jike a Mot or "lle),
as well as question marks, were answered,

The comparisons of CPS-II data on ETS exposure at home, with data from the
1988 National Health Interview Survey (NCHS NHIS 1688) is presented in
table 14, stratified by age, race and gender. If spaces left blank for pumber of
hours exposed 0 ETS at home in CPS 1l are considered to represent zero hours
(i.e., unexposed), and persons with "unclassifiable” ETS information are
excluded, then the prevalence figures from self reported data on ETS exposure at
home in CPS II resemble the prevalence in NHIS . Indeed, all age-adjusted
¢omparisons of gender and racial specific prevalence figures agree within 3.3
percent. The category of "unclassifiable” ETS represent vague wording (e.g., a
question mark, ‘ittle’) that could not be converted into hours during coding of
questionnaires. We concluded that when self-reported ETS exposure in CPS IT
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was left blank, persons should be considered unexposed, and that

"unclassifiable” data on ETS exposure in the three blanks should be excluded
from the analyses.

Table 14. Percentage of nonsmokers reportedly exposed to ETS at
home* in CPS II ** and NHIS *** by age, race and gender.

White Men Black Men White Black
Women Women
Age CPS NHIS =Diff CPS NHIS * CPS NHIS % CPS NHIS +
i 1 Diff )i} Diff H Diff

30-34 128 102 2.6 12.9  11.6 1.3 21.2 159 53 229 218 1.1
35-3¢ 105 52 1.3 127 124 03 198 149 50 20.1 .18.1 2.0
1044 8.7 1.7 L0 144 94 5.0 193 153 40 224 209 1.7
4549 %1 7.3 1.8 26 181 -85 189 176 L3 2L1 184 2.7
50-54 8.7 155 -63 110 142 -32 183 186 -03 194 30.0 -106
55-39 8.3 144 -1 120 179 -59 164 115 49 17.1 22.8 -37
650-64 7.3 114 41 103 250 -147 131 130 01 155 240 -85
65+ 52 59 07 54 120 -66 84 7.2 12 117 11.7 0.0

Tota] 7.8 94 -16 99 134 35 147 128 19 170 192 -22

88 98 -10 109 142 33 158 132 2.6 185 199 -14

* BETS exposure as self-reporied number of hours of exposure to ETS at home in CPS II, and as
living with a smoking person who smokes ar home in NHES.

** Excludes "unclassifiable” ETS expasure at home. Considers 1-8 hours as exposed, and blanks
in spaces provided to write ETS exposure at home, as well as {'s as unexposed.

Wk Weighted percentages (i.e., weights are inverse of selection probabilites)
FAge adjusted prevalence figures using the 1980 US Census sub-populations as standards

reeLTTZ0se



70

Comparisons of CPS II participants in the analytic cohort for self-reported ETS
analyses were conducted to contrast characteristics such as age, schooling and
‘race’, for individuals who filled all three spaces and those who left spaces
blank. Those who left any space blank were more likely to be older, and less
educated, and more likely to be non-whites than those who filled the three spaces
(Table 15). However, persons who filled all three fields for hours of exposure
at home, work and other places and who reportedly had zero hours of exposure
to ETS, were similar to those who left any blank space for ETS in CPS TI
questionnaires. As will be discussed in Chapter 8, a possible implication of this
distribution of missing data 1s that perhaps blanks might not represent ETS
unexposed subjects.

Table 15. Characteristics of CPS II nonsmoekers in analytic cohort
for self-reported ETS by completeness of the information provided

for ETS
Characteristic ~ Left any ETS field Completed all ETS
blank fields Cross-product
{Column percent)  (Column percent) rado
Age group
65 + 25.4 20.5 1.4
30-64 74.6 79.5
Schooling
<12 years 15.6 8.1 2.1
12+ 84.4 91.9
'Race!’
Non-whites 8.3 3.5 1.7
Whites 91.7 94.5

gecleceose
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ii. CPS II Self-reported Exposure to ETS and Spousal Smoking
Habits

Resuits of the second validation study that compared self-reported ETS exposure
with the smoking status of cohabitees and spouses are presented in tablel6.
Table 16.a. and 16.b show that self-reported exposure to ETS at home by CPS IT
nonsmoking women and men, respectively, agreed with having at least one
current smoker among cohabitees: the observed agreement was 88.4% for
women, and 94.5% of men (k=56.0%; 95% CIl=55.6-56.45 for women, and
k=63.5%; 95% CI=62.7-64.3 for men). Self reported ETS (hours of exposure
at home} agreed better with the smoking status of spouses (Table 16.c. and
16.d.) than with the number of smoking cohabitees (Table 16.a. and 16.b.}; the
observed agreement was 87.8% and 95.4% for wives (Table 16.c.) and
husbands, respectively (k=62.6%; 95% CI=62.2-62.9 for ncasmoking wives,
and k=69.8%; CI=6%.0-70.6, for nonsmoking husbands). We concluded that
self-reported ETS exposure in CPS I was internally consistent with the smoking
habits reporied by spouses. We alse concluded that self-reported ETS is closer
to spousal ETS than to smoking of cohabitees. Using current smoking stams of
spouses as standard, self~reported ETS would misclassify 4.6% of the subjects,
with a specificity of 98%.

Table 16.a. Comparison of self-reported exposure to ETS at
home by CPS Il nonsmeking women and the number of
current smokers among cohabitees,

Cohabitees  status

Self-reported Atleast one  Nonsmoker and Total
ETS current smoker former smokers
only
Yes 33,951 (5.8) 17,250 (5.0) 51,201(14.8)
" No 22,850 (6.6) 271,947 (78.6) 294,797 (85.2)
Total _ 56,801 (16.4) 289,197 (83.6) 345,398 (100.0)

k=36.0% (95% CI=55.6-56.4)
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Table 16.b. Comparison of seif-reported exposure to ETS
at home by CPS II nonsmoking men and the number of
current smokers among cohabitees

Cohabitees  status

Self-reported Atleastone  Nonsmoker and Total
ETS current smoker former smokers
only
Yes 6,981 (5.6) 2,814 (2.2) 9,795 (7.8)
No 4,204 (3.3) 111,622 {88.9) 115,826 (92.2)
Total 11,185 (8.9 114436 (91.1) 125,621 (100.0%

k=063.5% (95% CI=62.7-64.3)

Table 16.c. Comparison of self-reported exposure to ETS
at home by CPS II nonsmoking wives and the smoking
status of their husbands

Husband  status

Self-reported  Current smoker — Nonsmoker Total
ETS and former
smoker
Yes 31,945 (14.3) 5,463 (2.4) 37,408 (16.5)
No © 22,047 (5.8) 165,781 (73.6) 187,328 (83.4)
Total 23,992 (24.0) 171,244 (76.0) 225,236 (100.0)

k=62.6% {95% Cl=62.2-62.9)

~ Table 16.d. Comparison of self-reported exposure to ETS

at bome by CPS II nonsmoking husbands and the smoking
status of their wives

Wife status
Self-reported  Current smoker Nonsmoker and Tatal
-ETS former smoker
Yes 6,266 (6.0) 1,741 (1.7) 8,007 (7.6}
=~ - No 3,058 {2.9) 93,549 {89.4) 96,607 (92.4)
Total 8,334 (8.9) 93,290 (91.1) 104,614 (100.0)

k=69.8% (95% CI=69.0-70.6)
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Among nonsmoking women, we also compared the amount of cigarettes smoked
by their male cohabitees and the self-reported number of hours exposed to ETS at
home. As shown in table 17 and figure 6, there is a concomitant variation of

more hours of exposure to ETS and the number of cigarettes and pack of
cigarettes reportedly smoked by their husbands.

Figure 6. Percentage of nonsmoking women exposed to
specified self-reported number of hours of ETS at home
and number of cigarettes smoked by their husbands

100

50 Percentage
Amount of  Nonsmoking 2
Cigarettes 1-8

smoked by 101019 AN ' 8+ Hours
1 Pack k.
Husbands 20-39 g 53
2+ GO 1
Packs Number of

“*Restricted to nonsmoking women whose spouses were current cigarette
smoking

g6€122T08e



74

cigarettes smoked by their husbands.

Table 17. Distribution of reported hours of exposure to ETS at
home by nonsmoking women, according to number of

Number of Hours of ETS at home

Cigarettes
husband
smoked ¢ % t % 2 & 3 % 4 %
Non 75209 895 891 263 334 131 135 591 121 284
smoking

lw?9 2211 2.64 388 143 2315 %924 139 6.09 160 3.75
10w 19 2081 249 520 19.8 500 19.7 368 16.1 350 12.9
1 pack 2484 2957 620 236 792 312 775 39 1430 335
20-39 905 1.08 268 10.2 397 156 485 212 1063 25
2+ packs 745 0.89 140 533 284 11.2 382 16.7 939 22
83725 100 2627 100 2342 100 2284 100 4265 100

5 P 6 % 7 %o 8 %o Total P
Non 56 1.79 58 1.72 13 1.52 146 2.19 76853 702

smoking

lw? 77 246 85 252 11 126 203 3.05 3509 3.21
10w 19 325 104 291 8462 62 724 626 94 5323 434
1 pack 966 30.9 999 29.6 227 26.5 20% 314 10387 5.49
— 20-39 892 285 101S 30.1 288 336 1720 258 7035 6.43
2+ packs 809 259 927 275 255 29.8 1874 28.1 6355 5.81
Total 3125 100 3375 100 850 100 6663 100 109462 100

66€122205z

ot



75

Chapter 6: Descriptive Statistics of Exposure

Variables
Frequency of Self-reperted and Spousal ETS

Forty-eight percent of the nonsmoking population in our analytic cohiort reported
ETS exposure at home, work or other places. Table 18 presents the distribution
of self-reported nurmnber of hours of ETS exposure at home, work and other
places, and combined in the three settings, according to the definitions presented
in Section 3.9.  Fourteen percent reporied any exposure at home, 26 percent at
work and 18 percent from elsewhere. Among those exposed to any ETS, one
third was exposed to ETS for one or two hours, another third was exposad for
two to five hours, and the rest to six and more hours of ETS.  Accordingly,
cutoffs of ETS were used at 3, and 5 hours of self-reported exposure at home, 1,
2 and 6 hours of self-reported exposure at work, and 1, 2, and 3 for self-
reported exposure elsewhere, to creare categorical variables and conduct further
analyses. Up to 9.7 percent of nonsmokers had 3 and more hours of ETS
exposure at home, but only 2.6 percent obtained that amount of exposure to ETS
in places other than work or home.

More than half of the nonsmoking spouses, or 53.6 percent, in the analytic
eohort for spousal ETS were married to smoking spouses. As mentioned
before, smeking of tobacco products other than cigarettes were not collected in
the questionnaires sent to women, and thus all the spousal smoking of
nonsmoeking husbands comprised exclusively cigarette smoking. Oun the other
hand, 33.7 percent of nonsmoking wives (or 71, 891) were married to
nonsmokers, and two-thirds, or 66.3 percent, were married to ever smoking
husbands. The latter group could be further divided according to the following
types of smoking: 15.8 percent ( or 33,705) were married to current cigarette
smokers; 30.1 percent {(or 64,230) to former cigarette smokers; 2.5 percent (or
5, 487) to smokers of both cigarettes and pipes or cigars; 4.6 percent {or $,794)
10 current pipe and or cigar smokers who formerly smoked cigarettes; 6.7 percent
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or (14,306) to former smokers of both cigarettes and pipe/cigars; 4.3 percent (or
9,253} to former pipe/cigar smokers who never smoked cigarettes; and 2.1
percent (or 4,487) to former cigarerte smokers who then smoked pipe or cigars.

Correlates of ETS exposure

However, the contributions of each ETS exposure setting to the overall exposure
varied greatly by gender. More men more than women reported exposure at
work, whereas women reported most of their exposure at home.

Table 18. Hours of exposure to ETS reported by
nonsmoking CPS II participants at different settings, 1982

a. Both Men and Women

Hours Home G Work G Other % Taotal %
Places ETS

None 337,144 86.0 283,832 73.6 321012 8i.8 205433 524
1 9.855 25 37,737 9.6 46,554 11.9 61490 157
2 7,324 1.9 14,039 3.6 14,379 37 3L140 79
3 8.679 1.4 4911 1.3 4,202 1.1 13,116 3.3
4 5,367 1.4 6,376 1.6 2,312 0.6 13,366 3.4
s 3,748 22 2,914 0.7 745 0.2 3,074 2.1
6 5,748 1.5 4.355 1.1 433 0.1 3,051 23
7 1,290 0.3 3,349 0.9 102 0.0 5,010 1.3

8+ 11.484 2.9 29,713 7.6 2,287 0.6 45546 11.6

Total 393.226 100 392.226 100 392226 100 392,226 100
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b. Men

Hours Home % Work o Cther % Touak %
Places ETS

Mone 101,431  9L.7 69,973 632  g1.:2 746 48,175 433

i E 2,641 2.4 16809 53 20,758 188 24,272 219
2 1488 13 6363 57 4900 45 (2548 113

; 3 933 0.8 2072 19 L1410 4355 39

i 4 1,380 1.2 2724 25 783 0.7 3937 36

5 5 606 0.5 989 0.9 289 03 2009 18

6 726 0.7 1,513 1.4 135 0.1 2192 20

! 7 93 0.1 704 0.6 39 0.0 1042 09

' 8+ 1340 12 9486 86 638 0.6 12158 110

Tatal 110,683 100 110.688 100 110.688 100 110,688 100

c. Women

; “Howrs  Home % Work % Other %  Total ETS %
i Places

I None ' 235,663 83.7 218,359 7.7 239,100 849 157,258 55.9
i 7214 2.6 20828 7.4 25796 92  37.218 13.2

2 5,836 2.1 7703 27 938 33 18,592 6.6

. 3 4,402 i.6 2,839 1.0 3,058 1.1 8.761 6.0
) .4 7,299 26 3652 1.3 1,729 06 9,425 3.3
_5 4,761 1.7 1,925 0.7 456 0.2 6,065 2.2

! 4] 5,022 1.8 2,842 1.0 208 0.1 6,859 2.4
7 1,197 0.4 2,645 0.9 63 0.0 3,968 i.4

8+ 10.144 3.6 20245 72 1649 0.6 33.388 1.9

Towal 281,538 100 281,538 100 281.538 100 281538 100

As shown in table 19, seif-reported exposure to ETS decreased from 70 percent
to 16 parcent with increasing age. Spousal smoking exposure, however, did not
show this trend, except for current smokers (Table 20). One implication of this
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difference, as will be discussed in Chapter 8, may be that self-reported ETS -
- does not reflect long-term, but rather current ETS exposure.
Table 19. Proportion of nonsmoking CPS II participants in

analytic cohorts who reported any ETS exposure by age at
interview, 1982

Age Group Men and Women Women Men
30-34 70.1 67.5 75.1
35-39 66.5 64.5 71.9
40-44 61.0 58.9 70.6
45-49 61.6 57.5 70.7
50-54 58.6 54.7 27.5 -
55-59 52.9 49.1 2.3
60-64 43.3 39.5 52.6
635-69 29.6 26.7 36.6
T0-74 20.7 18.7 26.2

75+ years 15.5 14.7 18.1
Total 52.4 55.9 43.3

Table 20 presents the proportion of participants with spouses also in the study
and whose spouses were ever smokers (i.e., spousal smoking). Almost two-
thirds of nonsmoking women lived with ever smoker husbands whereas only
27 percent of men were married to ever smoker wives.

Table 20. Proportion of nonsmoking participants married to
ever-smoking spouse by age at interview, 1982

Age Group Men and Women Men -
Wormen =
5 30-34 46.5 53.9 27.2
35-39 52.7 60.7 29.2
40-44 57.4 62.7 31.3 .
45-49 52.8 63.7 29.8 -
50-54 548 67.1 25.0
55-59 56.7 69.4 28.1
60-64 54.3 68.3 26.1 .
. . 65-69 51.2 67.4 3.4 -
70-74 49.0 66.6 21.4
75+ years 40.5 63.0 16.1
Total 533.6 66.3 26.8
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Important correlates of ETS exposure were schooling and race, both of which
can be taken as surrogates of social class. Non-white men and women were
slightly less seif-reportedly exposed than whites: the ratio of the proportion of
exposed nonwhites to exposed whites was 0.8. Married women were 5.8
percent more likely to be self-reportedly exposed to ETS than unmarried
women. More educared men and women were more likely to report ETS
exposure, or to have an ever-smoker spouse than less educated men and women:
the ratio of self-reported ETS exposure among the most formally educated, to
that among the least formally educated was 2.8 and 2.0 for men and women,
respectively. However, among husbands and wives, the ratio of smoking
spouse among the most educated the least educated was 0.6 for men and women.
Unlike self-reported ETS exposure, assessment of ETS exposure based on the
smoking history provided by spouses in the study shows a picture consistent
with the demography of ETS exposure in the US population at large that was
described in Chapter 1. Therefore, the assessment of ETS exposure based upon
spousal ETS might reflect better true ETS exposure, than self-reported ETS.

People reporting exposure to asbestos, chemicals, coal dust or tar, formaldehyde
and ionizing radiation, were more likely to repdrt ETS exposure but did not
differ substantially according to the smeking status of spouses. ETS exposed
‘and unexposed were comparable with respect to medical history of any chronic
-—non-malignant disease. ETS exposed and unexposed groups were also
comparable with respect to the censumption of foods considered major sources
of carotenoids.
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Table 21. Characteristics of nonsmoking participants
according to self-reported ETS

Men Women
Characteristic No ETS Anv ETS No ETS Anv ETS
Number of subjects 43,175 62,513 157,258 124,280
' (43%) (57%) (56%%) (44%)
Age at interview (years) 60.4 53.6 60.2 53.2
(standard deviation} (11.2) (9.6) (11.7) (10.0)
Race (% white) 829 94.3 92.1 93.3
Married (%) 93.7 93.4 74.1 79.9
Education (%) '
<High School 17.7 7.6 18.3 9.9
High School 19.9 17.7 311 33.8
Trade School or some 21.7 24.8 26.7 30.5
College
zCollege 40.7 498 23.9 25.8
Qccupation (%)
Any asbestos 4.9 71 1.4 2.4
Other lung 20.1 26.6 6.8 11.9
carcinogens§
Diet: times/week
(standard deviation)
Green leafy vegetables 4.8 4.7 5.0 5.0
2.0 (2.0y (2.0) (1.9)
Fruit/Tuices 5.2 5.0 5.5 5.4
2.3) (2.3 (2.1 (2.2)
Chronic lung dis. (%)
Any 7.2 7.2 7.6 8.0
Tuberculosis 1.1 0.9 1.0 1.0
Chronic bronchitis 1.7 1.7 2.9 3.1
b Emphysema 1.0 0.5 0.5 0.3
Asthma 4.4 4.9 4.2 4.6

§ Self-reported occupational expasures to: Chemicals, coal
dust or tar, formaldehyde and ionizing radiation.
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Table 22. Characteristics of nonsmoking participants
according to spousal smoking

Husbands Wives
Non smoker Wife Non smoker  Husband
Characteristic wife ever husband ever
smoked simoked
Number of subjects 73,5914 27,040 71,892 141,262
Age at intarview (years) 574 558 54.5 55.3
{standard deviation) (10.2) ¢4) (10.1) (9.5)
Race (% white) 94.9 94.7 94.8 95.0
Married (%) 100.0 100.0 100.0 100.0
Education (%)
<High School 12.6 85 9.0 115
High School 2.2 16.2 31.3 36.0
Trade School or some 239 23.2 30.1 29.6
College
2College 432 521 25.5 23.0
Occupation (%)
Any asbestos 6.2 6.6 1.7 1.8
Other lung 24.3 24.2 8.9 9.4
carcinogens§
Diet: times/weak
-(standard deviation)
s Green leafy vegetables 4.0 4.0 4.7 4.6
(2.5) (2.5) 2.2) (2.3)
Fruit/Juices 5.1 5.2 5.4 5.4
(2.3} (23) 2.1) (2.2)
Chronic lung dis. (%)
Any 7.1 7.1 7.2 1.9
Tuberculosis 1.0 1.0 0.9 1.0
« Chronic bronchitis 1.7 1.4 2.6 30
Emphysema 0.8 0.6 0.3 0.3
Asthma 4.5 4.9 43 4.4

§ Self-reported occupational exposures to: Chermicals, coal dust or tar,
formaldehyde and ionizing radiation.
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Smoking status, quantity and duration of ETS
from spouses

Spouses of subjects in the study comprised the following major categories: 1)
nonsmoking spouses {145,806, or 46.4 percent) 2) current and former cigarerte
smokers with complete data (41,099 or 13.1 percent, and 71,594 or 22.8 percent
respectively), 3) former and current smokers with incomplete data (1,764 or 0.6
percent and 6,087 or 1.9 percent, respectively), 4) ever smokers with

unclassifiable smoking {4,431 or 1.4 percent) and 5) ever pipe and or cigar

smokers which includes a mixture of smoking of the different tobacco products
(43,327 or 13.8 percent).

Analysis of dose-response relationships between ETS from spousal smoking and
the risk of cancer among nonsmokers is restricted to cigarette smoking spouses
with complete data, and the univariate statistics of the variables used in the
analyses are presented. The quantity of smoking is based upon frequency (i.e.,
cigarettes per day) as recalled by the smoking spouses of nonsmoking
participants. We set a value of zero for nonsmoking spouses of nonsmokers in
the study. .

The number of cigarettes smoked by the 41,099 spouses of nonsmoking
_participants who were current cigarette smokers and had complete smoking
information, and who never smoked cigars or pipes, ranged from 1 to 100 a
-&ay, with 2 mean of 22.6 cigarettes per day, a first quarrile of 15 cigarertes, a
median of 20, and a third quartile of 30 cigarettes. Ninety percent of current
smoking spouses smoked up to two packs of cigarettes.  The position of the
first and second tertiles for the quantity of cigarette smoking among the current
cigarette smokers of nonsmokers was 20 (i.e., one pack) and 25 cigareties per
day, respectively.

Among the 71,594 nonsmokers in this analytic cohort whose spouses were
former cigarette smokers, had complete simoking information, and did not smoke
other tobacco products, the quantity of usual former cigarette smoking were
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S tEr o Tos e PrEvV ousy SIOWIT ToT COITE T CIZarete SToking SpousesT @ Tangs tTrom
1l to 100 cigarettes per day, the mean was in 22.6 cigareties per day, the median was
20 (i.e. one pack}, but the first quartile was lower at 1 [ cigarettes per day, and the
third quartile was 30. Again, ninety percent smoked less up to two packs of
cigarettes. The tertiles were 18 and 20 for the lower and upper, respectively.

For those subjects in the analytic cohort of spousal ETS who were married to cigaretie
smoking spouses with complete data, we computed the time they were married to
spouses, to assess the effect of this variable as well as to compute the pack-years
smoked during marriage by smoking spouses. As described before, we excluded those
subjects married more than once or whose spouse was also married more than once, or
with incomplete data on age at marriage., since both were needed to compute time in
marriage exposed to smoking spouse (i.e., the difference between age at interview and
the age at first marriage yielded the duration of marriage, and is used in combination
with the age at uptake and quining smoking as well as the age at interview of smoking

spouses, to compute the time during marriage nonsmokers were exposed to spousal

smoking).

Typically nonsmoking husbands and wives who were married to a cigareite smoking
spouses, had spent in average 21 years (standard deviation of 12 years, median=21
years) exposed to ETS, and the values of this variable ranged from 1-63 years, and
differences between men and women were small. The cutoffs for the tertiles of the
distribution of the duration of exposure to ETS from spousal smoking for these group
of individuals were 15 and 27 years for exposed men, and 17 and 30 for exposed

WOormmen.

The distribution of study subjects according 1o the combination of usual amount of
cigarette smoking with the duration of exposure to ETS from spousal cigarette
smoking during marriage is presented in Table 23. Among nonsmokers married to
smoking spouses pack-years ranged from 1 to 198 with a mean of 24.0 pack-years,
‘arfd 'a median of 20 pack-years, and the cutoffs of tertiles the cutoffs were
approximately 16, and 35, but men and women differed considerably: the mean
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were 19 and 29, respectively. A t-test yielded a p-value <0.0001.

Table 23. Study populations included in spousal analyses for intensity
and duration of ETS exposure from spousal

cigarette smoking among
nonsmoking spouses in CPS II
a. Smoking of current and former cigarette smoking

(i.e., nonsmokers =0)
n=2158.499. see page 88, Results in table37.
Amount of Amount of
current Number % former Number %
smoking smoking
0 145,806 78.0 0 145,800 a7.1
< 1 pack 12,606 6.7 < | pack 23,917 11.0
1 - 1.9 packs 21,511 1.6 1 - 1.9 packs 33,878 15.6
2+ packs 6,982 3.7 2+ packs 13,799 6.3
Toral 186,905 100.0° Total 217,400 100.0
b. Time in marriage with cigarette smoking spouse, and packs of
cigarette-years in marriage, (nonsmoking spouses set to 0), n=148,204.
Results in table 39.
Exposed to spousal ETS for:
Years Men o Years Women %
Number Number .
None 46,039 82.2 None 46,149 50.0°
1-15 3,326 5.9 1-17 - 14,794 16.0
16-26 3,125 5.6 18-29 15,491 10.8
27+ 3,452 6.2 30+ 15,788 17.1
Total 148 204 100.0
c. Packs of cigarette-years in marriage,
(nonsmoking spouses set to (),
n=148.204. Results in table 4d0.
Pack- Men % Pack-years Women %
years Number Number
0 46,039 B82.2 0 76,771 83.2
1-8 3,339 6.0 i-16 15,451 16.7
9-22 3,263 5.8 17-35 15,569 16.9
23+ 3,341 6.0 36+ 15,053 16.3
Total 148,204 100.0
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Chapter 7: Main Results

7.1 Deaths from Lung Cancer and Histological Data in Death
Certificates

There were 362 deaths from lung cancer among nonsmokers in the study cohort
of self-reported ETS exposure. Before the NDI update of follow-up status was
completed to include new deaths from lung cancer that occurred between October
1, 1988, and December 31, 1989, we reviewed the death certificates from 284
or 78 percent of the deaths from lung cancer finally included in our apalyses.
These 284 deaths were the deaths ascertained during the first six years of follow-
up. In 169 instances or 59 percent, death certificates only mentioned lung cancer
without any reference to histological type. In the remaining 115 lung cancar
deaths, or 41 percent, the certificate specifically mentioned histological type.
Table 24, shows the frequencies of each major histologic type. Seventy percent
of lung cancer among nonsmokers, when their histological types were
documented in death certificates, were adenocarcinomas. If the unclassified were
excluded, the proportion of adenocarcinomas would be 73 percent. There werg
no differences by gender in the distribution of histological types mentioned in
death certificates.

_ Table 24. Distribution of hystological types in 115 deaths

Trom lung cancer among nonsmokers in the analytic cohorts in

CPS II, 1982-1988, for which this information was readily
avajlable from death certificates

Tyne Wornen Men Total
Number (%) Number (%) Number (%)
Adenocarcinomas 59 (71.1) 21 (65.6) 80 (69.6)
Squamous cell 12 (14.4) 7 (21.9) 19 (18.5)
Laege cell 1(1.2) 3(9.4) 4 (3.5)
Other types 3 (3.6) 1(3.1) 4 (3.5)
Unclassified 8 (9.6) 0 {0.0) 8 (7.0)
Total 83 (100.0) 32 (1":20.0) 115 (100.0)
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7.2 Potential confounders: age, gender, schooling, race, prexisting
lung disease, occupational exposure to lung carcinogens,
consumption of foods containing carotenoids, and fat as nutrient
index.

Age

The rates of lung cancer increased monotonically with age. Figure 7 depicts this
feature of the risk of lung cancer by age: observed values were fitted empirically
by Poisson and exponeatial regression models, both providing an adequate
description of the data. As we described earlier, age was also strongly associated
with self-reported and ETS exposure from spousal smoking. Thus, age was
included in all models.

Figure 7. Death Rates of Lung Cancer among CPS
II Nonsmoking participants by Age, 1982-1989
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Gender

Nonsmoking men showed an increased risk of lung cancer as compared with
nonsmoking women, the crude rate ratio being 1.2 (35% CI=1.0-1.5) (i.e,

11/86 532
/020 081

men being slightly younger (Table 25). Thus, the Mantel-Haenszel RR for
gender, adjusted for age was 1.3 (95% Cl=1.1-1.7). Men had a slightly greater
likelihood of being reportedly exposed to ETS than women (56 percent and 53

+—="=-). Men and women were comparable with respect to age,

percent, respectively). Sources of exposures to ETS were different for men than
for women (i.e., most for men from work, and women at home). Women were
more exposed o ETS from their husbands, than were nonsmaoking men from
their wives. Thus, gender was included in all the models.

Table 25. Death rates of Lung Cancer among Nonsmokers by
Age and Gender, CPS II, 1982-1989

Men ‘Women

Age-group peass Person- %  Ratt  peams Person- %  Rate

years 10-3 years 10-3
<50 3 121,178 15 2 4 341,834 17 I
50-34 4 133,136 17 3 18 303,204 I5 6

- 55-59 4 144,161 18 3 21 338,198 17 6
60-64 l6 131477 17 12 30 329,075 16 9
§5-69 27 109,588 14 25 30 270,185 13 11
70-74 26 76,221 10 34 39 196,522 10 20
75-79 14 42,807 5 33 44 129427 6 34
30-84 17 19,322 2 88 35 69,869 3 50
85+ 5 8,643 1 58 25 41,768 2 60

-

Total 116 786,532 100 15* 246 2,020,081 100 10+

(n=392,226 subjects) *Age-adjusted to the CPS-II population.
Age-SRR=1.4 (95% CI=1.1-1.8)
RR (m-h)=1.3 (95% Cl=1.1-1.7)
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- Race

Only 9.4 percent of the deaths from lung cancer, or 34 occurred among
‘nonwhites'. All but three of these deaths occurred among African-Americans.
We collapsed all ‘races’ different from 'whites’ into a categery of ‘nonwhites'
for the purpose of the analyses. Table 26 presents deaths rates by this
dichotomous variable, and by age. The total row presents age-adjusted rates.
Nonwhites had a 44% increased risk of lung cancer, after adjusting for age [RR
m-h=1.4 (95% CI=1.0-2.0}] (Table 26). As pointed out before, nonwhites
were less likely to report ETS exposure but were comparable in the proportion of
spousal ETS. Therefore, we included ‘race’ in the multivariate analysis of ETS
and lung cancer.

Table 26. Death rates of Lung Cancer among Nonsmokers by
Age and 'Race', CPS 11, 1982-1989

Whites Nonwhites
Age-ZIoUD feams Person- % R pens  Person- % Rate
years 10-3 YEars 10-3
<50 0 43,513 22 0 7 419,493 16 2
50-54 2 30,306 15 7 20 406,037 16 5
55-59 2 31,258 16 6 23 451,103 17 5
60-04 )3 23,440 14 4 45 432,112 17 10

63-69 10 23,123 12 43 47 356,650 14 13
70-74 17,487 9 34 59 255,256 10 23
75-79 3 11,458 6 70 48 160,776 6 30
80-84 2 6,306 3 32 50 82,885 3 60
83+ 3 4,271 2 70 27 46,140 2 59
Total 34 196,161 100 17* 326 2,610,452 100 11*
{n=390,833 subjects and 360 deaths) *Age-adjusted to the CPS-I population.
‘Age-SRR=1.6 (95% CI=1.1-2.3)
RR (m-h) age-adjusted=1.4 (95% CI=1.0-2.1)
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Schooling

Years of education was both related to ETS exposure in the entire study
population and was a risk factor for lung cancer. Younger CPS II nonsmoking
participants tended to be more educated than older, as shown in table 27, along
with the cerresponding number o'fldeaths, person-years utnder observation, and
death rates. The unadjusted comparison of rates of those who did not graduate
from high school, as compared to those who did, was 2.2 (95% Ci=1.8-2.8).
After adjustment by age, the Mantel-Haenszel estimate dropped to 1.2 (93%
CI=0.9-1.5). Years of education was positively associated with self-reported
ETS, and inversely related with spousal smoking status. Although schooling
was not a meaningful confounder based upon the data at hand, it was included in
all multivariaie analyses based upon a prieri knowledge of the association
between lung cancer and low socioeconomic status.

Table 27. Death rates of Lung Cancer among Nonsmokers by
Age and Schooling, CPS II, 1982-1989

<12 yrs 12 + vIs
Age-group Deat Person- % Raie Deat Person- % Rae
hs years 1005 hs years 10°3
<50 0 20,515 6 0 7 442,497 18 2
| 50-54 1 27,204 7 4 21 409,136 17 3
55-59 2 41,580 11 5 23 440,765 18 3
60-64 4 52,470 14 8 42 408,081 17 10

65-69 13 60,234 16 22 4 319,539 13 14
70-74 20 61,908 17 32 45 210,833 9 21
75-79 18 50,765 14 35 40 121,468 5 33
80-84 21 31,749 9 66 31 57,442 2 54

85+ 13 23,322 6 56 17 27,089 1 63

Total 92 369,758 100 13* 270 2,436,836 100 12*

—

(n=392,226 subjects) *Age-adjusted to the CPS-1I population.
Age-3RR=1.1 (95% CI=0.8-1.4) RR (m-h) age-adj.=1.2 (95% CI=0.9-1.5)
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Asbestos >
Self-report of being ever occupationally exposed to asbestos was associated with
a two-fold higher risk of lung cancer among nonsmokers in CPS II (Table 28)
[age-adjusted RR (m-h)=2.0 (93% CI=1.1-3.5)]. The effect estimate
associated with ashestos was similar {(multivariate RR=1.8 (5% CI=1.1-3.2}], 7
after controlling for age, gender and the indicator of 'race’, and schooling, as
well as total intake of foods containing carotenoids, history of chronic lung
disease and self-reported ETS exposure in Cox multivariate analyses (Table 30).
Adjusted rate ratios associated with ever being exposed to asbestos at work were 3
slightly lower for men {1.5 (95% CI=0.7-3.1}] than for women [2.3 (95%
CI=1.0-5.3}].
Table 28. Death rates of Lung Cancer among Nonsmokers by 3
Age and self-reported Occupational Exposure to Asbestos,
CPS I1,1982-1989
Ever Unexposed
exposed D
AfZE-SIOUD Dean Ferson- % Rale  pes  Persen- % Rawe
years 10-3 years 10-5
<50 W] 13,913 20 0 7 449,099 16 2
50-54 2 12,326 18 16 20 424,018 15 5 : J
55-59 0 13,073 19 0 25 469,288 17 5
. 60-64 2 11,730 17 17 44 448 822 16 10
65-69 5 9,071 13 55 52 370,701 14 14
70-74 1 5,384 3 19 64 267,359 10 24 »
75-79 0 2,609 4 0 58 169,625 6 34
80-84 2 996 1 200 50 88,192 3 57
85+ 2 457 I 437 23 49,953 2 56
Total 14 69,562 100 25*% 348 2,737,057 100 11* J
(=392,226 subjects) *Age-adjusted to the CPS-II population. N
Age-SRR=2.2 (95% Cl=1.2-3.9) g
RR (m-h) age-adjusted=2.0 (95% ClI=1.1-3.5) N 5
4
2
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Only 2.5 percent, or 9,664 subjects reported ever having occupational exposure
10 asbestos. Five percent of men in the analytic cohort for self-reported ETS fell
in that category, and only 1.4 percent of women said they had ever been
occupationally exposed in their life-time. Among those who said they had ever
been exposed to asbestos at work, 65 percent were in the labor force by 1982,
The occupations/industries more frequently mentioned by them included
professions with presumably low exposure such as teaching (21 percent),
management (11 percent), engineering (5 percent), and technicians {2 percent),
as well as trades with potentially higher exposures such as automechanics (5
percent), and construction {2 percent). Twenty-five percent of those ever

exposed to asbestos had retired from the same occupations.

Sixty percent of CPS II participants had previously held a job different from that
currently held or at retirement. The major frequencies were approximately the
same (teachers, managers, and salesmen, 10, 4 and 8 percent, respectively). In
addition, 2 percent mentioned they also had worked at factories, 4 percent were
farmers and fishermen, and 8 percent worked in offices,

Of those nonsmokers ever engaged in occupations known to carry likely high
exposure to asbestos (ie., shipbuilding, pipefitters), or likely low exposure to
asbestos (i.e., plumber, construction, duckworker, autorepair, and electrician),
or engaged in any occupation which fell in the category of 'possibly exposed'
(See the detailed list in the Covariates section in 3.0), only those subjects who
were reportedly ever engaged in shipbuilding trades (n=95) had a significant
increased risk [multivariate RR=9.7 (95% CI=1.3-71.3)].

The number of years men and women were ever exposed to asbestos were
grauped by tertiles of those ever exposed (i.e., the categories being 1-5 years, 6-
15 years, and 16+ years of exposure} and compared with those who reportedly
were never exposed to asbestos at work. Table 29 shows the deaths, person-
years and rate ratios for men and women separately and combined in the last
column. Among the 9,664 exposed CPS I participants, 8,316 (or 86 percent)

iy b2ezogz



52

reported the nurnber of years exposed; out of the 14 deaths arnong nonsmokers “
- ever exposed 1o asbestos, only 12 had information on years of exposure.
Multivariate rate ratios showed in the third, six and nine columns of table 29,
1 indicate that the rate ratios increase with longer exposure; however, did not

| follow a consistent increasing trend.  The risk of lung cancer among

(=

nonsmokers exposed to asbestos in this study increased to 3.1 for those who
worked up to five years as compared to nonsmokers unexposed to asbestos and
then decreased to 1.2 for those who worked 5 1o 16 years and remained at 1.2
among those who worked more than tweanty years. Among women there was a -
non-statistically significant increasing trend of lung cancer risk by years of self-
reporied exposure 1o asbestos (p=0.15), but not for men (p=0.66).

Self-reported occupational exposure to asbestos was a potential confounder of 3
the ETS and lung cancer association, so we included asbestos in multivariate
analysis.

Preexisting chronic lung disease 5

Medical history of any obstructive pulmonary disease (asthma, chronic
bronchitis, or emphysema) or tuberculosis, or a combination of all of these
conditions was not associated with the risk of lung cancer for men and women
combined (RR=1.0 (95% CI=0.7-1.5)]. However, amnong men therc was a
| statistically significant increased risk (RR=2.1, 95%CI=1.3-3.6), whereas
among women, there was no association (RR=0.6, 95%CI=0.4-1.2}). The

interaction term of gender and history of chronic lung disease, when adjusting
for all other covariates was statistically significant { LRy} ape =2, p=0.002).

This apparent effect of reported medical history of preexisting lung disease on the
risk of lung cancer among nonsmokers in CPS II was heavily influenced by the 3
history of chronic bronchitis. There was an increased risk of lung cancer among
nonsmoking men with a history of chronic bronchitis [muitivariate RR=3.8 (95%
CI=1.8-7.8}], and there was none among women [0.6 (95% CI=0.2-1.4)].
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Table 29, Lung cancer rate ratios among nonsmokers by years of occupational exposure to
ashestos, and gender, CPS 11,1982-198Y

Deaths
Yearsof "Deaths Men-  RR*  Deaths Wome RR*  Men Allperson. RR**
exposure among  Years (95% among n-  (95%CI} and years (95% CI)

Men Ch  Women Years Women
None 108 745894 1.0 240 1,991, 356 2,737,057 1.0
163
Ever ) 40,638 1.5 é 28,925 2.3 14 69,562 1.8
(0.7-3.1) (1.0-5.3) (1.1-3.2)
1-5 yrs 6 12,793 3.6 I 7,436 1.9 7 20,249 31
(1.5-8.4) {0.3- (1.4-6.8)
13.4)
6-15 yrs ; 9,708 {.1 1 9,280 1.3 2 18,988 12
(0.2-7.8) (0.2-9.5) {(0.3-4.8)
16+ yrs l 13,158 0.6 2 6,890 2.8 3 20,048 1.2
0.1-4.2) (0.7- 0.4-3.9)
11.2)
p for trend 0.66 0,15 0.23
Missing 0 4,579 2 5,208 2 10,277

(n=392,058; 168 were exposed but had vague data on number of years exposed)

*Adjusted for age, schooling, 'race’, consumption of foods conlaining carotenoids, total fat as a nutrient
index, history of chronic lung discase, and ETS,

** In addition adjusted for gender.
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Diet: foods containing carotenocids and total fat

After controlling for other covariates, a reduction in the risk of lung cancer was
observed among nonsmokers with the highest reported frequcni:y of ot
consumption of a combination of the following foods containing carotenoids:
carrots, squash and corn, green leafy vegetables, cabbage, broccoli and Brussels
sprouts, tomato, and fruits and juices. There was a borderline significant trend
of decreasing risk of death from lung cancer by increasing frequency of weekly it
intake of these food items ( LRy 4r=1=3.043, p value for trend=0.0811).
Nonsmokers who were in the upper quintile of the distribution of total fat intake
{as nutrient index) had a statistically significant increased risk of lung cancer as
! compared to those in the lowest category, after adjusting for all other covariates 3
| (age, 'race’, gender, schooling, history of lung disease, frequency of

consumption of foods containing carotenoids, and occupational exposure to
asbestos). There was a statistically significant dose-response relationship
between the risk of lung cancer among nonsmokers by increasing level of total 2
fat intake ( LRy?4r=1=4.695, p value for trend=0.0302). There was a weak
positive correlation between the frequency of consumption of foods containing
carotenoids and total dietary fat intake (rxy=0.29). "The partial correlation
coefficient controlling for schoeoling, age, gender, was essentially unchanged 2
{Txylz1,22,..2p=0.30).

Qther risk factors

Nonsmokers who bad ever been occupationally exposed to ionizing radiation
showed a non-statistically significant increased risk of lung cancer [multivariate
RR=1.6 {(95% Cl=0.7-3.5)] (Table 30). No evidence was found of an
increasing trend of years of self-reported occupational exposure to ionizing §)
. radiation, when those ever exposed where grouped by tertiles of years of
exposure to ionizing radiation at work: the multivariate RR were 0.9 (95%
CI=0.2-3.7), 1.1(95% CI=0.3-4.5), and 0.9 (95% CI=0.2-3.6), for the first,
second and third tertiles, respectively. The p value for a test for trend was 0.9.
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Other occupational exposures to lung carcinogens such as formaldehyde, coal tar
products, and chemicals, as recorded in CPS II questionnaire, were not
associated with the risk of lung capcer among nonsmokers [multivariate RR=0.9
(95% CI1=0.6-1.3)] (Table 30).

Multivariate rate ratios on the covariates presented in this section are sumrnarized
in table 30, and are all included in the model, along with self-reported ETS : age
at interview grouped into nine five-year groups, gender, schooling and 'race’ and
history of chronic lung disease as dichotomous variables, frequency of
consumption of foods containing carotenoids grouped into tertiles compared with
no consumption of foods and vegetable, and toral fat as a nutrient index grouped
into quintiles. In addition, indicator variables were included for missing

observations on ‘race', schooling, and diet.

As shown in table 30, multivariate Cox regression analysis shows that when
smokers under 50 years of age were used as referent, the RR estimates increased
monotonically by every five-year age period: 1.8, 2.9, 4.4, 6.1, 8.2, 14.6,
14.6, and 22.4 . Men had a 30% increased risk as compared o women
[RR=1.3 (85% Cl=1.0-1.6)]. Non-whites had a 30% increased risk of lung
cancer as compared to whites [RR=1.5 (95% CI=1.1-2.2)]. Asbestos was
asgociated with almost a two-fold increased risk [RR=1.8 (93% CI=1.1-3.2)].
History of chronic lung disease was not associated with the risk of lung cancer
“among men and women together [RR-1.0 (95% CI= 0.7-1.5)]. Consumption
of six groups of vegerables and fruits/juices was associated with a 30%
decreased risk of lung cancer but showed no clear pattern of dose-response
relationship. Subjects classified in the upper 20% of the distribution of intake of
total fat as a nutrient index had a 70% increased risk of lung cancer; the intake of
fat showed a statistically significant increasing trend with lung cancer death risk.
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Table 30. Risk ratios of lung cancer among nonsmoking CPS
II participants by non-ETS known risk factors

Risk Factors Multivariate § Risk Factors Multivariate §
RR (95% C.1.) RR (85% C.1)
Age group Gender
<50 1.0
50-54 1.8 (1.0-3.0) Women 1.0
55-59 2.9 (1.84.7)
60-64 4.4 (2.7-7.0) Men 1.3 (1.0-1.6)
65-69 6.1 (3.8-9.9)
70-74 8.2 (5.0-13.3) Race
75-79  14.4 (8.8-23.9)
80-84  14.6 (3.1-26.6) Whites 1.0
85+ 224 (11.643.8) Nop-whites 1.5 (1.1-2.2)
Schocling Frequency of
consumption of
12 yrs. + 1.0 carotenoid
<12 yrs. 1.2 (0.9-1.5) containing
foods
None 1.0
Asbestos at Seldom to 2/ week 0.3 (0.1-0.8)
work 1.0 3week 0.3 (0.1-0.7)
Never 1.8 (1.1-3.2) >3 week 0.3 (0.1-0.7)
Ever
p for trend 0.08
Tonizing Total fat as
radiation nutrient intake
at work in quintiles
Never 1.0 Least 1.0
Ever 1.5 (0.7-3.5) 2 1.2{0.8-1.6)
3 1.3(0.9-1.8)
4 0.9 (0.6-1.3)
I Most L7 (1.2-2.3)
p for wend 0.03
Other History of chronic
occupational lung
exposures to disease
lung None 1.0
carcinogens* Apy of these: 1.0 (0.7-1.5)
None 1.0 Tuberculosis 1.1 (0.4-2.6)
Any 0.9 (0.6-1.3) Emphysema 1.8 (0.8-4.2)
- Asthma 1.7 (0.9-3.6)
Chronic bronchitis 1.2 {0.7-2.1)

(n=392,226) § Cox regression models included age, gender, 'race’, schooling, ETS, frequency
of foods containing carotenoids, total fat as a nutrient index, history of chrenic lung diseases,
and occupational exposure to asbestos. * Self-reported occupational exposure to any of: coal
tar, formaldehyde, and chemicals.
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7.3 Main exposure variables

7.3 a. Seilf-reported exposure to ETS

Table 31 shows the deaths from lung cancer among CPS I nonsmokers by any
versus none self-reported ETS exposure., There was no indication of an
association between self-reported ETS and the risk of lung cancer among
nonsmokers when this exposure variable was treated as dichotorous (i.e,, any
versus O hours of exposure to ETS ). The rate ratio adjusted for the age-gender
distribution of person-time was 0.8 (95%CI=0.6-1.0). The unadjusted (i.e.,
confounded by age) rate ratio was 0.3. Table 31 displays the lung cancer death
rates in persons with no versus any exposure to ETS at home, work or
elsewhere,

The age-standardized rate ratio for men was 0.8 {(95% CI=0.6-1.2) and for
women 0.9 (95% CI=0.7-1.3). The age-adjusted Mantel-Haenszel mortality
rate ratios were 0.6 (95% CI=0.4-1.0) and 0.9 (95% CI=0.7-1.2) for men and
women respectively. The age-gender adjusted Mantel-Haenszel rate ratio was

1 0.8 {95%CI=0.6-1.0).

7.3.b Dose-response analyses of self-reported ETS

Table 32 presents the analysis by tertiles of self-reported hours of exposure to
ETS (i.e., 1-2 hours, 3-5 hours and 6+ hours). Panel A of table 32 surnmarizes
the information on the total number of persons in each category. This part of the
table presents the number of lung cancer deaths, person years, and lung cancer
death rates, among men, and women, separately and then combined in the last
c&ﬁmn. Panel B breaks down the previous nurabers by five-year age groups.

Thus, when the comparison of lung cancer mertality rates was made by duration
of daily exposure to ETS between nonsmokers unexposed to ETS (i.e., no self-
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reported ETS exposure) and nonsmokers most heavily exposed (i.e., those in
the upper tertile or exposed for 6 and more hours to ETS), subjects in this
exposure category of ETS had a 20% increased risk of lung cancer, after
adjustment for age and gender [RRq-h=1.2 95% CI=(0.9-1.7)] Comparisons of
the lung cancer death rates by tertile of ET'S exposure among men and women are
presented in Figure 8.

Further adjustment of the association between ETS exposure and the risk of lung
cancer was then conducted via Cox regression by blocking for age (12 five-
year groups) 'race’ (whites versus non-whites), schooling (<12 jrears of
education, vs 12+ years), gender, asbestos exposure (ever versus aever), and a
history of chronic lung disease (any versus none) as dichotmous variables, 3
indicator variables for the intake of foods containing carotenoids (grouping those
who had one or more a week into tertiles), and 4 other indicators for total fatas a
nutrient index (grouping all subjects by quintiles). This coding of the covariates
is the same used to cbtain the estimates presented in table 30. The results of the
stratificd Cox regression analyses are presented in table 33, and they show that
inclusion of the covariates did not materially alter the reported association, once
the confounding effect of age was controlled (Cfr. table 32 versus table 33). A
multivariate test for dose-response was then conducted using this categorization

of self-reported ETS as an ordinal variable, and failed to reject the null
hypothesis.

Separate analyses were conducted for the number of hours of exposure to ETS at
different settings (home, work and other places), using the approach of simple
and stratified analysis by age described for the cumulative hours of exposure to
ETS. These results are summmarized in table 33, along with the multivariate
results for 2ll ETS. The findings were the sarme as for the cumulative measure.
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Table 31. Lung cancer death rates among CPS II nonsmckers by self-reported ETS
(any versus mone), 1982-1989

Men Waomen
Level: {} hours of Any 0 hours of Any
ETS ETS ETS ETS
Agegroup  Dealhs P-Y Rate Deaths  P-Y Rate Deaths P-Y Rate Deaths  pv  pue
<50 I 33,932 3 2 87,246 2 3 133717 2 208,117 O
50-34 0 40,625 o 4 92,511 4 9 131,105 7 9 172,103 5
55-59 0 43,610 0 4 95,551 4 7 158,650 4 14 179,550 8
60-64 6 52,560 i1 10 78917 13 15 175460 9 15 153,614 10
65-69 16 56,440 28 1 53,144 21 19 171,875 11 1 98,310 11
70-74 20 49,773 40 6 26448 23 28 147,678 19 1 48,843 23
75-19 [ 31,781 35 3 11,025 27 40 105,983 38 4 23,445 17
80-84 15 13519 97 2 3,803 33 32 39419 54 3 10,389 29
85+ 3 7,368 68 0 1,273 0 22 35,831 6l 3 3,937 5l
Total 74 336,614 14* 42 449918 12+ |75 1,119,778 10* 71 900,309 10*
(n=329,226)

* Age-standardized rates to the CPS 11 population.

RR any versus none both men and women (age-gender adjusted)=0.8 (95% CI=0.6-1.0)
RR any versus none for men (age adj. for men)=0.6 (95% CI=0.4-1.0)

RR any versus none for women (age adj. for women)=0.9 (95% CI=(0.7-1.2)
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Table 32, A, (Summary) Lung cancer deaths, nonsmokers and person-years and rates by self-reported

ETS category among nonsmokers in CPS 11

Men Women Total
Exposure  Deaths Person-  Rate™  Deaihs Person-  Rate* Deaths Person-  Rale*
Years {09 Yeas  x1075 Years  x10°5
Al subjects 6 110,688 780,532 to 246 281,538 2,020,081 h 362 392,226 2,806,613 12
OHoursof ETS 74 48175 336614 15 175 157,258 1,119,778 11 249 205433 1456392 12
-2Hoursof ETS 20 36,820 264,812 9 29 55810 404,565 3 49 92,630 669,378 9
3.5 Hours of ETS =~ 8 10,301 74,060 18 11 24,255 175,376 Y 19 34,556 249436 11
6+ Homsof ETS 14 15,392 111,046 17 3t 44215 320,362 12 45 59,607 431,408 13
Table 32, B. Age distribution and lung cancer death raies by self-reported ETS category
Unexposed Men Unexposed Women Unexposed Subjects
(0 hours of ETS (0 hours of ETS (0 hours of ETS
exposure) exXposure) exposure)
Age group Person- Rates Person- Rales Person- Rates
inyears  Deaths years at (%) 03 Deaths yearsat (%)  10-5 Deaths years at (%) 103
risk risk risk
<50 i 33,932 101 3 3 133,717 119 2 4 167,648 11.5 2
30-54 0 40,625 121 0 9 13,10 1.7 1 9 171,730 1.8 5
55-59 0 48,610 144 0 7 158,650 142 4 7 207,260 14.2 3
60-64 ) 52,560 156 11 15 175460 157 9 21 228,020 15.7 9
65-69 16 36,444 i6.8 28 19 171,875 133 M 35 228,319 15.7 15
70-74 20 49,774 t4.8 40 28 147,678 132 B 48 197,452 13.6 24
7519 1 31,781 94 35 40 105983 95 38 5] 137,764 9.5 37
80-84 15 15,519 4.6 97 32 59479 53 54 47 74,998 5.1 63
83+ 5 7,370 2.2 68 22 335,831 32 6] 27 43,200 3.0 62
Tolal 74 336,614 1000 15* 175 1,119,778 100.0 [1* 249 1,456,391 100.0 12*
m-lt age-adj RR=1.0 m-h age-adj RR=1.0 m-h gender-age-adj RR=1.0

. *Age-adjusted to the CPS-1I population 4
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Table 32, (coniinued)

Exposed Men Exposed Women Exposed Ezbjects
(1-2 hours of ETS (1-2 hours of ETS (1-2 hours of ETS
gxposure) exposure) exposure)
Age group Person- Rates Person- Rates Person- Rates
inyears  Deaths  yearsat (%) 105 Deaths yearsat (%)} 103 Deaths yearsat (%) 105
risk rigk rigk
<50 s 47.965 18.1 4 | 94276 233 1 142,242 212 2
50-54 2 52,918 200 4 5 76,538 18.9 7 129,456 19.3 5
55-59 | 55,079 208 2 6 78,920 195 8 7 134,008 20,0 5
60-64 5 46,170 74 11 5 67,036 1677 1 10 113,806 17.0 9
63-09 3 33,230 125 9 4 44868 11 9 7 78,098 1.7 9
70-74 5 18,087 6.8 28 5 23,309 58 2t 10 41,397 6.2 24
75-79 2 7,800 2.9 26 2 11,542 29 17 4 19,341 2.9 21
80-84 0 2,713 1.0 G 0 4,974 1.2 0 0 7,687 1.1 ¢
85+ 0 51 03 0 1 2,494 06 40 1 3,345 0.5 30
Total 20 264,812 100.0 9* 29 404,565 1000 §* 49 669,378  100.0 9%

Men: m-h age-adj. RR=0.6 (95%CI=0.4-1.0) Women:m-h age-adj. RR=0.8 (95%C1=0.5-1.2)
Both: tm-h gender-age adj. RR=0.7(95%CI=0.5-1.0}
*Ape-adjusted to the CPS-IT population
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Talﬂf 32. (continued) _
Exposed Men Exposed Women Exposed Subjects
{3-5 hours of ETS (3-5 hours of ETS {3-5 hours of ETS
exposure) exposure) eXposure)
Age group Person- Kates Person- Rates Person- Rates
inyears  Dealhs yearsat (%) 105 Deaths. yearsat (%) 105 Deaths yearsat %) 105
risk risk risk
<50 0 (5,754 213 © 0 39,517 225 0 0 535,271 222 0
50-34 0 15,633 21.1 0 0 33,808 1923 @ 0 49,443 19.8 0
55.59 1 15,840 214 6 2 34,6753 19.8 i} 3 50,515 20.3 6
60-64 3 12,593 17.0 24 i 28,857 165 3 4 41,450 16.6 10
05-69 2 7.985 10.8 23 1 18,981 108 § 3 26,966 10.8 {1
70-74 0 3,840 52 0 3 10302 59 29 3 14,143 5.7 21
1579 Q 1,651 2.2 0 0 3,341 A0 0 )] 6,992 2.8 0
30-84 2 528 ‘ 0.7 319 2 2,440 14 82 4 2,968 1.2 135
85+ 0 234 03 0 2 1,455 0.8 137 2 1,689 0.7 118
Total § 74060 1000 18 Il 175376 1000 9* 19 249436 1000 LI*

m-h age-adj. RR=1.1 (95%CI[=0.5-2.3) m-h age-adj. RR=0.7 {95%CI=0.4-1.3)
w-h gender-age adj. RR=0.9(95%C[=0.5-1.4)
*Age-adjusted to the CPS-11 population
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Table 32. (continued)

T “Ixposed Men Exposed Women Exposed Subjects
{6+ hours of ETS {6+ hours of ETS {6+ hours of ETS
exposure) exposure) exposure)
Age group Person- Rates Person- Rates Person- Rates
inyears  Deaths yearsat (%} 103 Deaths yearsat (%) 10-3 Deaths yearsat (%) 105
tisk risk risk
<50 0 23,527 21.2 0 74324 232 0 0 97,850 227 1]
50-54 2 23,958 21.6 4 61,754 193 ¢ 6 85,712 9.9 7
53-59 2 24,632 222 8 6 65,945 206 9 8 90,576 21.0 9
60-64 2 20,154 181 10 9 57122 178 16 11 77,276 17.9 14
(5-69 6 11,929 10.7 50 6 4462 108 17 12 46,390 108 26
70-74 ] 4,521 4.1 22 3 15,232 4.8 20 4 19,752 4.6 20
75-79 ] 1,575 1.4 64 2 6,562 2.0 30 3 8,137 1.9 37
80-84 0 563 05 0 1 2,975 09 34 ] 3,538 0.8 28
85+ 0 138 02 0 1,988 06 0 0 2,176 0.5 0
Total 14 111,046 1000 17+ 3] 320,362 100.0 12* 45 431,408 100.0 13*

m-h age-adj. RR=14 (95%1=0.7-2.5} m-h age-adj. RR=1.2 (95%C1-0.8.1.8)

: m-h gender-age adj. RR=1,2(95%CI1=0.9-1.7)
*Age-adjusted to the CPS-II population
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Figure 8. Mortality rates from lung cancer among nonsmokers, by

tertiles of self-reported ETS exposure and among unexposed,

CPS T1I, 1982-1989

a) 1-2 hours versus 0 hours
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b} 3-5 hours versus ( hours
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o None of the rate ratios by increasing amount of hours of self-reported ETS
exposure at home, work or elsewhere, displayed in table 33, showed a
statistically significant slepe of a linear trend using Cox regression analysis.
Moreover, there is a consistent pastern of risk deficit for low self-reported ETS
exposure catsgories.

Table 33. Cox regression multivariate lung cancer rate ratios
for ETS exposure, cumulative and for specific sites, by .
gender, among CPS II nonsmoking participants, 1982-1989.

§ Adjusted for age, race, education, intaks of carotenoid-containing foods, total fat as a
nutrient index, occupational exposure to asbestos and history of chronic lung disease.

§3 Addidonally adjusted for gender.

Levizzzosz

Men Women Total
Hours Multvariare Multivariate Multivariate
of exposure Rate Ratio§ Rate Ratio§ Rate Ratio§§
by Source (95 % CI) (95 % CI) (93 % CD
ARETS
0 1.0 1.0 1.0
1-2 0.6 (0.4-1.1) 0.8 (0.6-1.3) 0.7 (0.53-1.00
3-5 1.0 {0.4-2.0) 0.7 (0.4-1.3) 0.8 {0.5-1.3)
6 + hours 1.3 (0.7-2.4) 1.1 (0.8-1L.7) 1.2 (0.8-1.7)
Home -
0 1.0 1.0 1.0 -
1-3 0.7 {0.2-2.0) 0.4 (0.2-1.0) 0.5 (0.2-1.Oy
4-5 0.0 (0.0-NO) 0.7 (0.3-1.7 0.6 (0.2-1.4)
6+ hours 0.5 {0.1-3.9) 1.3 (0.8-2.1) 1.2 (0.7-1.9)
Work
0 1.0 1.0 1.0 .
1 0.7 (0.3-1.6) 0.9 (0.5-1.9 0.8 (0.5-1.4) -
2-6 1.0 (0.5-2.1) 1.1 (0.6-2.1) 1.1 (0.6-1.7)
. 7+ hours 1.8 {0.9-3.6) 1.0 {0.5-1.8) 1.2 (0.8-2.0y
" Other places
0 1.0 1.0 1.0
1 0.5 (0.3-1.0) 1.0 (0.6-1.7) 7 (0.5-1.1) |
2 0.7 (0.2-2.2) 0.8 (0.3-2.2) 7 (0.4-1.6) -
3 + hours 1.1 (0.4-3.0) 1.1 (Q.5-2.5) 1 1 (0.6-2.0)

A
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7.3.¢c. Spousal ETS

The relationship between environmental tobacco smoke exposure from spousal
smoking and lung cancer mortality among nonsmokers was then assessed.
Exposure to ETS based on exposure by a nonsmoking spouse to tobacco smoke
from a smoking spouse was further defined based on whether the spouse was a
nonsmoeker or ever smoked, if the spouse was a current or former smoker (i.e.,
if the nonsmoker was ever, current or formerly exposed to ETS from the
smoking habits of spouse).

Comparisons of lung cancer death rates by ETS exposure from ever versus never
smoking spouses showed no indication of an increased risk: the Mantel-Haenszel
age-gender adjusted rate ratios were 1.0 (95% CI=0.7-1.4) for all nonsmoking
spouses, and 0.9 (95% CI=0.7-1.5) for husbands and 1.1 (93% CI=0.8-1.5) for
nonsmoking wives, respectively.

Table 34 shows lung cancer mortality associated with exposure and no exposure
to ETS from current smoking spouses for men and women, separately, and by
the nine five-year age groups. The first four columns of table 34 present the data
for nonsmokers married to current smokers of any type of tobacco product; the
last four present the corresponding data for nonsmokers married o nonsmokers,

Examination of lung cancer death rates presented as person-years for spouses, of
either gender, shown in Table 34, are not appreciably different whether they
were exposed or unexposed to ETS from a curreat smoking spouse. For
example, the death rate columns for these ETS-exposed spouses show no
appreciable differences across age groups among men, though a slightly greater
mortahty was observed among older wormen, as is graphically presented in figure
9. For nonsmoking spouses married to current smokers of any type of tobacco
the RR was slightly above unity [ RR(m-h)=1.2 (95% CI=0.8-1.9)] for men and
wamen combined, after adjusting for the age and gender distribution. For men,
marriage to a current smoker was not associated with an increased sk [RR(m-
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h)=0.9 95% CI=0.4-1.9)]. The corresponding age-adjusted estimate for
nonsmoking women married to a current smoker was 1.3 (95% CI=0.8-1.9}.

Nonsmokers married to former smokers had no increased risk of lung cancer:
the age-adjusted estimate for men and wornen combined was 1.0 (95% CI=0.7-
1.3). This was true both for men and women in our study, with age-adjusted
rate ratos of 0.9 (95% CI=0.5-1.6), and 1.0 (95% CI=0.7-1.5), respectively.

Most of smoking spouses smoked cigarettes. The reiationships described above
regarding current smoking spouses were true also for current cigarette smoking
spouses: men married to current cigarette smoking women had an age-adjusted
rate ratio of 0.9 (95%CI=0.3-1.9), whereas women married to current cigarette
smokers nad an age-adjusted rate ratio of 1.2 (35%CI=0.7-2.0). The age-gender
adiusted RR was 1.1 (95% CI=0.7-1.7).
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‘1'able 34, Age.specilic Tung cancer rales among NONSINOKers

. by smoking status (current §-any type of tobacco vs. life-long
nonsmokers) of the spouses, CPS 1I, 1982-1989.
a. Men
Peaths PY among Deaths  PY among
| Age Group  among married e (%) Rate among marriedto (%) Rate
martied o current 107 married to never - 12
i current smokers never smokers
‘ smokers smokers
I <50 0 9,133 14 0 1 64,314 12 2
} ! 50-54 1 12,593 20 8 1 88,297 17 1
55-59 0 13,568 21 0] 4 97,670 19 4
60-64 4 11,509 18 35 12 91,288 17 13
65-69 2 8,760 14 23 23 78,696 15 29
I 70-74 0 5,031 g8 0 18 55,503 1t 32
75-79 0 2,180 3 0 8 30,941 6 26
80-84 0 701 1 0] 9 13,672 3 66
85+ 0 177 0 0 3 5,083 1 59
i Total 7 63,652 100 10* 79 525,464 100 1a*

!
I
i
l § Excludes current smoking spouses with incomplete smoking dara.
Apge adjusted MH RR=0.9 (95% CI=0.3-1.9). *Age-adjusted to the CPS II population
!

b. Women
Deaths PY among . Deaths  PY among
Age Group among  marriedio (%) Rate among marriedto (%) Rate
marriedto  cwrent 105 married to never 105
, current smokers never smokers
) smokers smokers
= <50 0 77,591 21 0 2 108,378 21 2
50-54 4 72473 19 6 ¥ 94,967 18 6
55-59 7 76,798 20 9 8 94,598 18 8
60-64 14 66,410 18 21 8 85,095 16 9
65-69 3 45069 12 7 7 66,320 13 11
70-74 7 24,182 6 29 13 41,303 8 31
75-79 5 10,575 3 47 6 20,762 4 29
30-84 3 3,249 1 92 1 7,534 1 13
B85+ 0 727 0 0 0 2,105 0 0
Total 43 377,074 100 15% 51 321,062 100 11*

§ Excludes current smoking spouses with incomplete cigarette smoking data
Age adjusted MI RR=1.3 (95% CI=0.8-1.9). *Age-adjusted to the CP3 II population

pep1Zee0st
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Figure 9. a) Rates of lung cancer among
nonsmoking men by smoking status of their
wives, CPS II 1982-1989
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Figure 9. b) Rates of lung cancer among
nonsmoking women by smoking status of
their hushands, CPS IT 1982-19389
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Tabie 35 presents lung cancer deaths, person-years and lung cancer death rates
among nonsmoking women exposed to ETS from pipe/cigar current smoking of
their spouses, compared to those among women married to noasmokers. Death
rates for lung cancer among nonsmoking women married to current pipe/cigar
smokers increased more rapidly after age 70, than in those married to
nonsmoking husbands. However, the small numbers of deaths make age
specific estimates unstable. Nevertheless, it seems that exposure to ETS from

spousal pipe/cigar has a weak statistically insignificant effect on the risk of lung
cancer.

More details on the types of smoking habits of spouses of nonsmoking subjects
and their msk of lung cancer is displayed in table 36, along with a summary of
the results of spousal ETS analysis described above. The first row of table 36
presents the number of lung cancer deaths and person-years among nonsmokers
in the entire cohort. The second row presents those numbers for men and
women married to nonsmokers, as the referent category for analyses of the effect
of ETS from spousal smoking. Thereafter those numbers for each category of
smoking spouses are given along with age and age-gender adjusted Mantel-
Haenszel rate ratios, as well as multivariate rate ratios controlling for all relevant
covariates included in analyses of self-reported ETS.  Nonsmoking wives
married to current cigarette, pipe and cigar smokers showed an elevated risk of
lung cancer. Nonsmokers married to former smokers, except for cigar/pipe
smoking spouses, did not have an increased risk of lung cancer.
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- Table 35. Age-gpecific lung cancer rates among nonsmoking
women by cigar/pipe smoking status (current vs. life-time
nonsmokers) of their husbands, CPS II, 1982-1989.

Deaths PY Deaths PY
Age armong among (%) Rate among among (%) Rate
Group mamied  married 105 married married 105
to to to to
current  current never never
pipefcigar smokers smokers  smokers
smokers
<50 0 24,967 17 0 2 108,378 21 2
50-34 0 25,613 18 0 6 54,567 18 6
55-39 0 28,490 20 0 8 94,598 18 8
60-64 7 26,281 18 27 8 85,095 16 9
65-69 2 18943 13 11 7 66,320 13 11
70-74 5 11,096 8 45 13 41,303 8 31
75-79 3 5,526 4 54 6 20,762 4 29
80-84 1 1,918 1 52 1 7,534 13
35+ 0 454 0 0 0 2,105 0 0
Total 13 143,341 160 15* 51 521,062 100 il1*

Agpe adjusted Mantel-Haenszel RR=1.3 (95% CI[=0.7-2.2).
*Age-adjusted to the CPS I pepulation

This relationship between current smoking of spouses and the risk of lung cancer
.did pot change when ‘race’, schooling, history of lung disease, frequency of
_.consumption of foods containing carotenocids, and occupational asbestos
exposure were allowed into the Cox regression rmodel, along with age, as shown
in table 36, suggesting that there was no confounding by these covariates.
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Table™38.7 Assaciation bDelweell Smoking Stails, Lype 0Ol SMOKIOE Ol SpoUses  of
nonsmoking CPS II subjects, and lung cancer risk.

Husbands Wives Total
Spouse smoked
tobacco Deaths Person-Years Dearths Person-Years Deaths Person-Years
{by type)
Total 101 719,044 164 1,544,935 265 2,263,979
Never 79 525,464 Si 521.062 130 1.046,526
RRm-h* 1.0 1.0 1.0
RRCox$ 1.0 1.0 1.0
Ever ** (any 22 193,580 113 1,023,873 135 1,217,453
type) 0.9 (0.5-1.5) 1.1 (0.8-1.5) 1.1 (0.8-1.5)
RRm-h* 0.9 (0.6-1.4) 1.1 {0.8-1.6) 1.0 (0.8-1.4)
RRCox§
Current {any 8 67,689 44 385,676 52 453,365
type) 0.9 (0.3-1.9) 1.3 {0.8-1.9) 1.2 {0.8-1.9)
RRm-h* 1.0 (0.5-2.0) 1.3 (0.8-1.9) 1.2 (0.8-1.8)
RRCox§
Former {any i3 117,462 68 614,961 81 732,423
type) 4.9 (0.5-1.8) 1.0 (0.7-1.5) 1.0 (0.7-1.3)
RRm-h* 1.1 (0.6-2.8) 1.1 (0.7-1.6) 1.0 (0.7-1.4)
RRCox§
Ever 22 193,580 74 709,944 26 903,524
Cigarettes
RRm-h* 0.9 (0.5-1.5) 1.0 (0.7-1.5) 1.1 (0.7-1.4)
RRCox§ 10 {0.5-2.0) 1.1 (0.8-1.6) 1.0(0.7-1.8)
unclass. ever 1 8,429 i 23,236 2 31,665
smoker
Current 7 63,652 25 233,743 32 297,395
cigarettes
incomplete 1 4,037 l 8.592 2 12,629
RRm-h* 0.5 (0.4-1.9) 1.3 {0.8-1.9) 1.1 (0.7-1.5)
RRCox§ 1.0 (0.5-2.0) 1.3({0.8-2.00 1.2 (0.8-1.9)
Former 10 103,945 44 414,148 54 518,091
_ cigarettes -
incomplete 3 13,517 3 30,227 [+ 43,744
- RRm-h* 0.9 (0.5-1.6) 1.0 (0.6-1.5) 0.9 (0.7-1.3)
RRCox§ £.1(0.6-2.8) 1.2 {0.8-1.8) i.1(0.7-1.9)
Ever 39 313,929 39 313,929
Cigar/Pipes
m-h* 1.2 (0.8-1.83)
Cox§ 1.1 (0.8-1.6)
Current 18 143,341
m-h* 1.3 (0.7-2.2)
Cox 1.5 (0.8-2.9)
Former 21 170,588
m-h* 1.1 (0.7-1.9)
Cox§ 1.3 (0.6-2.8)

(n=314.=l 08) *M-H: age adjusted using Mantel-Haenszel

§ Cox: multivariate regression using the proportional hazard medel to control for age, gender (for
estimates listed in last column), ‘race’ and schoaling, asbestos, history of chronic lung discase,
consumption of foods contzining carotenoids, and total fat as nutrient index.

**]nejudes 2 ever smokers with unciassifiabie smoking (i.e., former or current cigarette smokers).
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7.3.d. Relationship between lung cancer death and ETS exposure
by amount, duration, and both

The dose-response relationship between lung cancer death and ETS exposure
was assessed in a variety of ways., We first examined amount of ETS exposure
by measuring the number of packs of cigarettes smoked by current or former
cigarette smoking spouses. We also examined the number of years nonsmokers
were exposed to ETS from the smoking of their spouses. Finally, we examined
both amount and duration using pack-years as a measure of cumulative ETS
exposure. For these three analyses, we included data about subjects whose
spouses were ever cigarette smokers, as the ETS-exposed group, and subjects
whose spouses were never smokers, as the referent group.

Table 37 shows lung cancer deaths per person-years for ETS-exposed spouses
and multivariate rate ratios by packs of cigarettes smoked by their spouses
compared with the referent group of non ETS-exposed spouses. These
estimates are presented by gender and then combined for subjects exposed to a
spouse who was either a current or a former smoker. The upper panel of the
table presents the data to compare the rates among nonsmokers maiTied to current
smoking spouses, and the lower for former smoking spouses; rate ratios are
presented by categories of amount of smoking grouped by packs of cigarettes.
The risk of lung cancer among men married to current cigarette smokers only
Tncrea.sed among those who smoked less than one pack [RR=2.0 (95%CI=0.9-
4.4)] but the rate ratios decreased for the categories of heaviest cigarette
smoking. Among women there was also an increased risk for those exposed to
ETS from less than one pack of cigarette smoking, and declined among those
married to current heavy smokers. No consistent linear trend with amount
currently smeked by spouses was found.

-
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Table 37. Lung Cancer Adjusied Rate Ratios (95% CI) among nonsmoking spouses according to the

amouni of cigareite smoked by spouses*, CPS 11, 1982-1989.
Exposure Husbands _ Wives All Nonsmokers
"Packs of cigarelies:  DeathsPY muitivariale RR ~ Deaths/PY  mullivanate RR mullivarfate RR
by current smokers (95% CI) (95% CI) (95% CI)
Nonsmokers 79/525,464 1.0 51/521,062 1.0 1.0
< 1 pack 728,923 2.0 8/61,820 [.4 1.6
{0.94.4) (0.6-2.9) (0.9-2.7)
I - 1.9 packs 0/29,756 0 15/126,087 i.4 1.0
{0-NQ) (0.8-2.6) (0.6-1.8)
24 packs 0/4.973 0 245,836 0.6 0.5
(0-NC) (0.1-2.3) {0.1-2.0)
p test for lrend 0.26 066 0 090
by former smokers Deaths/PY muég\éz}?r;:g )RR Deaths/PY muglglgalz(l%llll muég;;}r}:aé?)}{}{
Nonsmokers T9/525,464 1.0 51/521,062 1.0 1.0
< | pack 5/64,258 0.6 10/108.365 0.8 0.8
(0.3-1.6) (0.5-1.8) {0.3-1.4)
| - 1.9 packs 432,191 1.0 20/213,304 0.8 0.9
(0.3-2.8) {0.5-1.4) (0.6-1.4)
24 packs 177,495 1.2 14/92,462 1.5 £.5
(0.2-1.9) (0.8-2.7) (0.8-2.6)
p test for trend 0.74 0.58 0.72
'n=258,499)

*Only cigareite smokers (current and former) with complete data .

niake, occupational exposure 1o asbeslos and history of chronic lung disease.

 Cox regression model stratified for age, gender, ‘race’, schooling, total intake of foods containing carolenoids, total fat
i
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A possible problem with the aforementioned apalysis is that some ETS-exposed
spouses may have been previously married to someone who was not a smoker.
Thus, it was decided to re-examine the realtionship between lung cancer mortality
and ETS exposure by packs of cigamrettes smoked by spouses by restricting to an
analysis of spouses married only once in their lifetime. -

Table 38 presents lung cancer deaths, person years and multvariate rate ratios by
amount of cigarettes smoked by current or former smokers as was presented
ahove for the full data set. The analysis is restricted to the 148,402 spouses
married once and who had complete information on age ar marriage. The same
group of nonsimokers unexposed to ETS is the referent.

Unlike in the previous analysis of the full data set of nonsmokers married to
cigarette smokers, in this subset of spouses married once in their life-time,
among nonsmokers married to former smokers, there is a slightly increased risk
of lung cancer for those married to former smokers who smoked 2+ packs of
cigarettes. However, there is no statstically significant trend: the p value of
multivariate Cox regression analyses of the packs of cigarettes smoked by former
smokers were 0.28 for men -decreasing trend, and 0.29 for women whose risks
showed an increasing, but inconsistent trend, and 0.6 for both men and women.
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Table 38. Lung Cancer Adjusted Rale Ratios (95% CI) among nonsmoking spouses according to the
amount of cigarette smoked by spouses* il married once and with data on age at marriage, CPS II,

1952-1989.
Exposure Husbands _ ___ Wives All Nonsmokers
Packs of cigarettes:  Deaths/PY  multivaniale RR~ Deaths/Y  multivartale RR - multivariate RR
by current smokers (95% CI) (95% CI) {95% CI
Nonsinokers 46/314,944 1.0 30/311,333 1.0 1.0
< | pack 514,310 30 532,524 1.7 24
(1.1-7.9) (0.7-4.4) (1.1-4.1)
1 - 1.9 packs 0/15,054 0.0 10/69,060 1.6 1.2
(0.0-NC) {0.8-3.4) (0.6-2.3)
24 packs 02,308 0.0 224,900 0.9 0.8
(0.0-NC) (0.2-3.9) (0.2-3.9)
p test for trend 0.6 _ 0.34 055
by former smokers Deaths/PY  multivanale RR - Deaths/PY  multivariate RR - mulitvanate RR
(95% CI) (95% CI) {95% CI)
Nonsmokers 46/314 944 1.0 30/311,333 1.0 1.0
< | pack 1/34,042 0.2 461,677 0.0 0.5
(0.0-1.7) (0.2-1.8) 0.2-1.2)
i - 1.9 packs /15,915 0.0 12/120,585 0.8 0.7
{0.0-NC) 0.4-1.7) (0.3-1.4)
2+ packs 113,559 2.8 11/49,304 2.0 1.0
(0.4-21.6) (1.0-4.0) (1.0-3.7)
p test for trend : 0.28 0.29 0.6
{n=148,204)
* Analyses restricled to nonsmoking spouses married to nonsmoking spouses and those married to cigarelte smokers (and not other type of
tobaceo), with complete smoking data, married once af the time of inferview, and with vatid data on age at first marriage. i

§ Cox regression model stratified for age, gender, Tace’, schooling, lotal intake of foods containing carotenqids, total fat a5 autrient index,
occupaticnal exposure to asbestos and history of chronic lung disease. NC=not caleulable
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"The hypothesis of this study was submitted to a more severe test to take into account
the time these spouses married once in their life-time spent together (i.e., whether or
not these nonsmokers were exposed to ETS from the smoking habits of their
spouses). |

The relationship between lung cancer mortality and ETS exposure by duration was
examined. To conduct these analyses, it was necessary to estimate the number of
years nonsmokers were exposed to ETS from spousal cigareite smmoking. For this
variable, the referent groups represented spouses who were not exposed, either
because thay were married to nonsmokers or to former smokers who quit smoking
before marriage (i.e., in doing so, those nonsmeokers were never exposed to the
tobacco smoke of their spouses). This resulted in reclassifying from the exposed
categories 4 percent of the person-time, and 1 death (0.8 percent) in this analytic
cohort, to the unexposed category. Therefore, the specificity of classification of
exposure to ETS was increased. Table 39 shows deaths per person-years for ETS-
exposed spouses by duration, accounting for the eight covariates presented in table 30.
Distribution of time in marriage are gender-specific. For estimates of the RR for both
men and women, we used the combined distribution of time in marriage to smokers.

Nonsmoking men married to smokers for 15 or more years did not have an increased
risk of lung cancer, although there were fewer persons in these categories.
.Nonsmokers married up to 15 years to smoking wives had a 30 percent increased risk.
.We found no evidence that the rate ratios increased among nonsmoking men by time in
marriage with smokers. However, rate ratios increased among women as the time in
marriage from one to seventeen years to smokers, and then decreased siightly, in an
erratic trend shown in table 39,

)
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Table 39, Lung Cancer Adjusted Rate Ratios {95% Cl) among nonsmoking spouses according lo lime in marrlage
with, current cigarette smoking spouses*, CI’S 11, 1982-1989,

¢ _ Husbands Both
Yearsmarried  DeathPY  multivanale Years Deaths/PY Years multivariale
to smoker RR married to married to RR
(956, €T smokar smoker {93% CI)
0 years 46/329.905 1.0 0 years 30/334,946 D years 1.0
{Monsmokers and {Nonsmokers (Nonsmokers
quitters before and quitters and quitters
marriage) belore inarringe) before muminge)
1-15 £/22,101 0.4 1-17 13/107,681 1-17 1.2
(0.0-3.1) (0.8-3.0) (0.6-2.2)
16-26 1126918 12 18-20 14/112,761 1.3 18-29 1.2
(0.6-3.7) (0.7-2.6) {0.7-2.2)
27+ 5/18,208 0.7 30+ 17/114,002 1.2 30+ 1.0
{0.2-2.7 (0.6-2.2) {0.6-1.8)
test for trend 0.76 test for trend 0.49 test for trend 0.72
{n=148,204)

* Analyses restricted to nonsmoking spouscs marricd to nonsmoking spouses and those married to cigarette smokers (and not
1 other type of tobacco), with complete smoking data, married once at the time of interview, and with valid data on age ai {irst
marriage. § Cox regression model stratified for age, gender, 'race’, schooling, total intake of foods containing carotenoids,
total fat as nutrient index, occupational exposure Lo ashestos and history of chronic lung disease,
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‘Finally, the relationship between lung cancer deaths and ETS exposure was examined
by both amount and duration. Pack-years, the exposure variable for this analysis, was
created by multiplying the packs of cigarettes (i.e., amount) by the number of vears of
exposure (i.e., duration). For example 20 pack-years could have been reached during
marriage for 20 years with a smoker who smoked one pack of cigareties daily . This
variable represents cumulative exposure to ETS over time. As mentioned above for
time in marriage, for estimates of the RR for both men and women, we used the
combined distribution of pack-years of smoking spousal.

Table 40 presents lung cancer deaths, person-years, and rate ratios among
nonsmoking men, women and then both men anéd women, by pack-years according to
the guintiles of the distribution of pack-years of smoking of the spouses during
marriage with further adjustment for the same contfounders in table 30.

Nonsmoking husbands were exposed to considerably less ETS from spousal smoking
than nonsmoking wives. As was shown before fewer nonsmoking men fell into any
of the categories of heavy spousal ETS from cigarette smoking (i.e., 15+ pack years),
whereas, 32 percent of the nonsmoking women experienced such exposure and were
avenly divided across the categories of pack-years of cigarette smoking of their
cigarette smoking husbands.

The multivariate rate ratios of lung cancer among nonsmoking men increased by
curnulative exposure to ETS up to 22 pack-years of cigareite smoking, and then
decreased. Thus no consistency in the variation of lung cancer risk and this measure

of long-term ETS exposure was found among nonsmoking men.

However, among women, the rate ratios increased consistenly by pack-years of
cigarette smoking of their husbands, from 1.1 among slightly ETS exposed women,
to 1.1 among women exposed from 17 to 35 pack-years, and then roughly reached a
50% increased risk for women exposed from 36 pack-years and more. The associated

p value for the multivariate test of linear trend was 0.14, thus failing to reject the nuil

hypothesis of nolinear trend.
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Pack-vears of cigarette smoking during marriage, was not statistically significant
associated with increasing risk of lung cancer of both nonsmoking husbands and

wives (p=0.54) (Table 40).
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Table 40, Lung Cancer Adjusted Rate Ratios (95% CI) among nonsmoking
spouses according 10 pack-years of spousal cigaretie smoking, CP'S 11, 1982-198Y.

Husbands Wives Both
Pack-years Deaths/PY muitgl';i;’)ugi )RR Pack-years Deaths/P'Y muig\g::aé?)RR mu tt(;;.;gacl;)RR
0 461329,903 1.0 0 30334,946 1.0 1.0
1-8 174,018 0.4 : t-t6 104112,318 .1 1.0
(0.1-2.9 (0.5-2.2) (0.6-1 9
9-22 H2AI8 1.4 17-35 16¢113,119 i3 1.2
(0.5-4.2) (0.7-2.5) (0.7-2.1)
23+ 223,462 0.5 364 LBFL00,006 1.5 1.1
(0,1-2.2) {0.8-2.8) (0.6-1.9)
test for trend 0.54 test for trend p=0.14 p=0.54

(n=148,204)

* Analyses restricted (o nonsmoking spouses married (o nonsmoking spouses and those married to cigarelte smokers (and not other
type of tobacco), wilh complete smoking data, married once at the time of interview, and with valid data on age at first marrtage. §
Cox regression model stratified for age, gender, 'race’, schooling, total intake of foods containing carotenoids, total fat as nutrient
index, occupational exposure {o ashestas and history of chronic lung disease.




7.4 JYoint effects of ETS and ashestos exposure

Further analyses were conducted to describe the effect of ETS among those
subjects exposed to asbestos. QOccupational exposure to asbestos was reported
by only 2.5 percent of CPS II participants. As shown in Table 21, asbestos
exposure was reported three times more fraquently by men than women. Using
the CPS II cohort for analyses of self-reported ETS, we contrasied lung cancer
death rates of grouping subjects by tertiles of self-reported ETS exposure and by
ever or never exposed to asbestos. Nonsmokers heavily exposed to ETS (26
hours) in 1982, and who had ever been exposed to asbestos at work,
experienced a higher risk of lung cancer than expected if the effects of ETS and
asbestos were independent. Table 41 shows the results of these analysis. The
formal test for interaction in the multiplicative scale using the Cox regression
model with both asbestos and ETS exposure variables (reduced model),
controlling for age, schooling, gender, race’, consumption of foods containing
carotenoids, total far as nutrient index, and history of lung disease, yielded a -2
In likelihood of 412588, and that with asbestos and ETS and the three
interaction terms of asbestos and tertiles of ETS exposure {full model) was
4121.002, for a LRx:,#Z:A.S?S with an associated p wvalue of (.18.
Nonsmoking men and women who reported 6 or more hours of exposure to
ETS, and ever be'mé exposed to asbestos had four times the risk of lung cancer
[multivariate RR=4.5 (95%CI=0.4-48.7}] compared to those of nonsmeking
CPS I participants who had neither of those environmental exposures. The
multivariate association with asbestos alone was RR=1.5 (95%CI=0.7-3.2).
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Table 41. Rafe ratios (95% CI) for Jung cancer among CIP'S 1
nonsmoking men and women according to exposure to ETS (cumulative at home,
work, and elsewhere) and occupational exposure fo asbestos.

Exposure to
ETS
+6 hours 3-5 hours 1-2 hours 0 hours
“Deaths  Person-Years Deaths Person-Years Deaths  Person-Years Person-Years at
at risk at risk at risk Deaths risk
Asbestos  Yes 5 14,954 0 7.922 2 22,250 7 24,436
Rate* 33x 10 0 1x 109 16x 102
KR 4.5 0 0.9 1.5
Cox§§ (0.4-48.7) (0.1-11.1) 0.7-3.2)
Asbestos No 40 416,453 19 241,513 47 647,134 242 431,956
Rate* 13x 103 11 %109 9x103 11x g3
RR Cox§ 1.1 0.8 0.8 1.0
(0.8-1,6) (0.5-1.4) {0.5-1.0)

F Age adjusted Lo the distribution of the CPS 1T popuiation

s Cox regression model siratified for age, gender, ‘race’, schooling, history of chronic lung disease, frequency of consumption of
loods comtaining carolenoids, and total fat intake.
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7.5 Model Specification

Proportional hazards modeling was the main analytic tool used in this study.
Therefore, a valid question to ask is whether the proportional hazard assumption
held. Univariate survival curves using Kaplan-Meier estimates for age, gender,
schooling, race’, consumption of foods containing carotenois, and total fat,
history of chronmic lung disease, and occcupational exposure to asbestos, all
followed a pattern of parallel curves by follow-up time in CPS II.  Since most
analyses on ETS (either self-reported exposure or from spousal smoking) were
conducted while blacking for the covariates, we present univariate Kaplan-Meier
estimates of survival for the main exposure variables themselves, displayed in

figure 10.
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* Figure 10. Log [-log(S)] curves for grouped data analyses
of A. self-reported ETS
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Figure 18 B. ETS from pack-years of spousal smoking
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We also conducted Poisson regression analyses, an alternative ¢hoice of the Cox
regression model. RR estimates from the Poisson model for self-reported ETS
(upper tertile 2 6 hours of ETS) and current spousal ETS from cigaretie smokers
were 1.2 (95% CI= 0.8-1.6) and 1.2 (5% CI=0.9-1.8), respectively. Thus,
the general results from Poisson regression modeling, closely agree with those
presented using the Cox regression model.

7.5 Leading causes of death in the c¢ohort

During the same period of follow-up among the 314, 108 nonsmoking
participants in the the spousal ETS analytic cohort, there were 12,792 other
deaths. Coronary heart disease was the leading cause of death in this group,
with 3,742 deaths (29.2 percent). The major cauvses of death according to ICD-9
codes are displayed in table 42,

Table 42. Number of deaths from major smoking-related
causes among nonsmoking spouses in the CPS II, 1982-1939.

Causes of death (ICD-%) Deaths 2]
Ischemic heart disease (410-414) 3,742 29.2
Stroke (430-438) 724 5.6
Upper aerodigestive cancer -mouth, pharynx, larynx, 36 0.3
- and esophagus (140-150, 161)

Other cancers (140-209) 209 7.1
Lung cancer (162) 265 2.1
Puodenal or gastric ulcer (531-534) 25 0.2
Cirthosis and alcoholism (571, 291, 303) 116 0.9
Hypertensive heart disease (401-405) 120 0.9
Injuries (E810-E988) 569 4.4
Other medical causes (000-799) 6,286 49.1
All causes 12,792 100.0
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Chapter 8: Discussion and Conclusions

8.1 Consistency

Since 1981, when the first study that examined the relationship between ETS and lung
cancer death was published (Hirayama, 1981), 35 other studies that have examined
this same relationship have beeen published (Appendix A and Table 2). Qf these 36
studies, four are cohort studies and 32 case-control. It is known that in case-control
studies, in which the "information most times comes from the subject of proxy
respondents after disease onset, knowledge of the disease could affect exposure data"”
{i.e., introducing a recall bias) {(Rothman 1986). Cohort studies are less subject to
recall bias and therefore lend themselves more than case-control studies to making
inferences about cause and effect. Thus, although many published studies are
available, only a few can be considered te have assesséd the relationship between ETS
and lung cancer risk in such a way that the measurement of ETS exposure preceds the
occurrence of lung cancer. Of those four cohort studies on ETS and lung cancer, one
included eight lung cancer cases (Butler 1988), another had nine (Hole 1389}, a third
had 153 (Garfinkel 1981), and the largest had 174 lung cancer deaths (Hirayama
1981). Our study is the largest cohort study to assess the relationship between ETS
and lung cancer death. Therefore, in this paper we report findings from the largest
cohort study that are censistent with aggregated evidence that supports the existence
of a relationship between cumulative ETS exposure and the risk of lung cancer among

nonsmokers.

This study makes use of 2 measure of exposure that combines duration and amount of
exposure to ETS that had not been used before in previous cohort studies about the
effect of ETS on lung cancer risk. This cumulative exposure to ETS, which 15 referred
to as ETS exposure from pack-years of cigarette smoking of the spouse (Fontham
1961), artempts to estimate ETS long-term exposure. Because 90% of smokers
s_mokc at home (1988 NHIS-OH, Table 1), spouses married to smokers are likely to
be ;xbosed to ETS in the home. Our measure of exposure reflects intensity and
duration of exposure to ETS during meuriage, and may provide a more adequate
measure of long-term ETS exposure. Therefore, this measure of exposure enabled us
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I regard to duration and amount. For example, in this study we found increasing lung
cancer risks with increasing ETS exposure, with a 50% increased risk, although not
statistically signficant, for the most exposed group versus those who were not

exposed.

In this study, we also found that this not statstically signficiant increased lung cancer
risks associated with ETS exposure remained even after we adjusted for the effects of
potentially confounding variables by means of Cox proportional hazards modeling.
Most previcusly published studies that had examined the relationship between ETS
exposure and lung cancer risk had not accounted for the effects of most known
potentially confounding variables included in our models. Thus, questions had been
raised about the possibility of spurious findings in past studies (Mantel 1992). In our
study, we controlied for the effects of age, gender. socioeconomic status,
race/ethnicity, fruit and vegetable intake, fat intake, occuparional exposure to asbestos,
and a history of chronic lung disease, and we still found that ETS exposure from pack-
years of spousal smoking increased the risk of lung cancer. Therefore, our findings
support the notion that the observed relationship is net the result of known

confounding variables.

All cohort studies on this issue have been based on lung cancer diagnosis from death
certificates. As previously reported for lung cancer in the US, this approach provides
a valid diagnostic tool for epidemiologic research (Percy 1981). None of the previous
studies verified their death certificate diagnoses with histopathologic data. Some have
“Teviewed hospital records, and in one large case-control study histopathological slides
were reviewed (Fontham 1591). In our study, we verified death certificate diagnoses
with cancer registry diagnoses on a 10 percent sample of lung cancer deaths (i.e.,
those of residents of SEER cancer registries areas). Most SEER cancer registry
diagnoses (92%) are histopathologically confirmed (NCI-SEER 1989). The
proportion of the study subjects who died from lung cancer and resided in SEER
cancer registries’ areas, who were histologically confirmed was 86.2 percent.
‘Sc:rc-nty percent of all lung cancer deaths were adenocarcinomas. Thus, cases in our
study are likely to have been primary lung cancer, and most were adenocarcinomas.
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Adenocarcinomas are the specific histological type of lung cancer seen most often
among nonsmokers.  Although the information on specific histologic types was
limited in our study, based upon the estimate of seventy percent of adenocarcinomas
among the lung cancer deaths of nonsmokers, our findings of this study lend support
to the hypothesis that a richer composition of SS in volatile carcinogen components
more likely to reach the periphery of the lung would actually be responsibie for the
higher proportion of adenocarcinomas among nonsmokers (Wynder 1983, Fontham
1991).

Our findings on the association between ETS exposure from spousal smoking and the
risk of lung cancer agree with the combined estimate from 36 published studies,
reporting a 20% increased risk of lung cancer among nonsmokers associated with this
measure of exposure to ETS. In 198! Garfinkel published the results of the second
large prospective cohort study sponsored by the American Cancer Society, the Cancer
Prevention Study I. This study,comprised a cohort of 1,078,894 men and women
followed from 1960 to 1972. The CPS I analyses based on 153 [ung cancer deaths
among nonsmoking women found a 20% percent increased risk of lung cancer,
afthough this elevated risk was not statistically significant (95% (I=0.9-1.4)
{Garfinkel 1981). Analysis of CPS I and CPS 11 agree in the magnitude of the effect
of spousal smoking.

As in most previous epidemiclogic studies of ETS, we found a trend in the risk of
léng cancer among nonsmoking wives with increasing levels of smoking by the
husbands, although it was not statistically signficant. In contrast, for self-reported
ETS we found no statistically significant evidence of an elevated risk among the ETS
exposed individuals at interview. A case-control study by Kabat and Wynder found
an association for self-reported ETS at work among men [3.1 (95% Ci=1.1-11.00),
but not women. In another case-control study that used self-reported ETS as one
measure of exposure, Garfinkel et al. found no increasing trend with increasing
exposure to ETS measured as number of hours of exposed to the smoke of others in
the past, and the risk of lung cancer among nonsmoking women. This fact led the
authors to conclude that "the lack of relationship when exposure was classified by
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accurately measure intensity of exposure”. In this study. however, a two-fold
-increased risk was found for women whose husbands in the past smoked 20 or more
cigarettes at home (Garfinkel 1985). Brownson et al, reperted a 1.7 odds ratio for
lung cancer for nonsmokers who had four or more hours of self-reported exposure to
ETS in a small study of adenocarcinomas (Brownson 1%87) but were unable 1o

replicaie their findings in a larger siudy (Brownson 1992).

The negative findings of this study with respect to self-reported ETS exposure may
well be due to misclassification of exposure since the questionnaire data on self-
reported number of hours of exposure to ETS may reflect only current exposure and
not the more biclogically relevant past exposure. An important evidence of the
possibility of such misclassification can be found in the decreased risk of persens in
low self-reported ETS exposure categories. This might be due to the inclusiorn in the
referent category (i.e., "0" hours or unexposed) of false negative unexposed persons
particularly among those with missing data on seif-reported ETS exposure.

Exposure to tobacco smoke from the spouse, as was measured in our study (i.e., self-
reported smoking history of the spouse) probably provides a more reliabie index of
long-term and meaningful ETS exposure than current self-report ETS. This measure
15 not affected by dramatic changes in the prevalence of smoking seen since the 1960's
in the US. It ensures that the smoker has a close relationship with the nonsmoker
(i.e., spouse). Moreover, our measure of time in marriage takes into account the
effective time spent with the smoker during marriage in such a way that if a smoker
had quit smoking before marriage. nonsmokers were classified as unexposed to
spousal smoking. By the same token, the time smoking spouses smoked in marriage
was estimated to take into account the time since quitters stopped smoking.

Our findings are generally consistent with those of other epiderniologic studies. Some
case-control studies found an association with number of cigarettes or octher measures
of quantity usuaily smoked by husbands, but not with duration of spousal smoking
Hi.e., time living with a smoking spouse) (Hirayama 1984, Akiba 1986, Dalager 1986,
Lam 1987, Inoue 1988), while the reverse was observed in some other epidemiologic
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duration has been found associated in at least one other epidemiolegic study (Fontham
1991). That study conducted by Fontham et al., is by far the best in this regard.

The observations regarding the effect of ETS among nensmokers exposed to asbestos
are consistent with those of other large epidemiologic studies which concluded thar
active smoking and asbestos act synergistically (Selikoff 1968). This finding
provides additional evidence in support of a causal relationship between ETS and lung

cancer.

Some limitations of this study, such as statistical power and misclassification bias, are

reviewed.
8.2 Study power

The most cbvious limitation of this study, shared with most other epidemioclogic
studies which have addressed this hypothesis, is limited power to detect with sufficient
precision a RR on the order of 1.2 (i.e., the summary effect of ETS from 36 other
studies}. The power of the CPS II was approximately 50 percent for detecting this
magnitude of association, as shown in table 43. If indeed ETS increases the risk of
lung cancer among nonsmokers by less than 20 percent (e.g., 10 percent), then the
power of this study 1o detect such association with sufficient precision would be only

20 percent.
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Table 43. Results of power calculations (binomial parameter p=0.5, the
" proportion of CPS II nonsmoking participants exposed to ETS, by My
the total number of lung cancer deaths among nonsmokers

Po wr)
Mortality Rate RatioSeif-reported ETS Spousal
Mi=362 ETS
Mi=265
i.4 94.1 87.1
1.3 £0.5 70.3
1.2 54.1 45.4
1.} 23.5 20.5

Thus, the lack of statistical significance in most analyses may reflect low statistical

power.
8.3 Misclassification of self-reported ETS

Misclassification of both self-reported and spousal ETS exposure might have affected

the results of our study yielding a bias towards the null. A dilution of the effect from

non-differential misclassification would obscure a weak association between ETS and

lung cancer.

If any misclassification occurred, probably 1t was non-differential {i.e., subjects who
died from lung cancer were as likely o have misclassified themselves with respect to
"ETS exposure, as those who did not). Table 44 displays the results of using values in
sthe range of 0.73-0.95 for specificity and sensitivity of classification of cutcome or
exposure variables in standard formulas (Kleinbaum 1982) 1o correct for
misclassification of an observed association of 1.2 as observed in this study (Cf. Table
34, for nonsmoking wives comparing those married to nonsmokers versus those
married to current smoking spouses) . Each one of the parameters assumes the values
in the x axis, while the others are assumed to have perfect validity. A meaningful
adjustment for misclassification of ETS exposure would be necessary in the likely case

*offthaving classified exposure with a specificity below 90 percent.
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Table 44, Corrected RR from an observed value of

1.2 (using data from table 34, nonsmoking wives

exposed to ETS from current spousal smoking), by
degree of misclassification of ETS exposure$

Value of Specificity of  Sensitivity of Exposure
Parameter Exposure
0.95 1.2 1.2
0.9 1.2 1.2
0.85 1.2 1.2
0.8 1.3 1.2
0.75 1.3 1.2

§ Each parameter changes, while the other is held constant at 1
{(i.e., perfect classification).

In general subjects may have misclassified themselves with respect to their
exposure statis for the reasons discussed in 8.1. In addition, both refer to
exposure during adulthood and thus do not take into account exposure during
childhood. However, Foatham et al, study findings (1991) suggest that this
source of bias probably is unimportant. Misclassification of relevant exposure
to ETS, however, is more likely to have cccurred for self-reported ETS than for
.spousal smoking for the following five reasons,

| First, a large proportion of blanks in the CPS O ETS questionnaire section were
—intcrprctcd as unexposed; this assumption may be unrealistic and therefore,
augmented a dilution bias. Results of analyses restricted to those who had filled
the three spaces provided for self-reported hours of ETS exposure (Table 45)
showed that such dilution bias existed: the point estimate of the rate ratio of
subjects with 6 and more hours of ETS exposure was 1.8 (93% CI=0.9-3.6).
The rate ratio was found to be diluted upon inclusion of people with any blank
fg_r ETS, because when only those who left the three spaces blank were
exciuded, the rate ratio was 1.2 for those who were exposed for 6 or more hours
to ETS. However, in that case the study had been conducted based on fewer
deaths (i.e., 104, or 243, respectively), and therefore, would have had even less
power. Those who left any space blank in the spaces provided to write down
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~HTE IMOEr O HOUTS XPosed 10 ETS (And grouper WiTh TI0SE WiT Annotaed
zero hours) or had unquantifiable ETS data (and excluded from analysis) bad a
multivariate RR of 1.0 (95% (CI=0.8-1.3) and 1.0 (895% CI=0.8-1.4),

respectively, when compared with the rates of those who annotated zero hours
in the three spaces.

Table 45. Rate ratios § from ETS by different approaches
in dealing with missing information on ETS

Missings are Excludes Excludes
Exposure to Unexposed missings in missings in
ETS (n=362 all three any of
deaths) fields three
(n=243 fields
deaths) (n=104
deaths)
0 1.0 1.0 1.0
1-2 0.7 0.7 0.7
(0.5-1.0) (0.5-1.1}) (0.4-1.2)
3-5 0.8 0.7 0.3
(0.5-1.2) (0.5-1.3) (0.1-1.93
6+ hours 1.2 1.2 1.8
(0.8-1.7 {0.8-1.8) (0.9-3.6)

§ Adjusted for age, gender, race, education, intake of carotenoid-containing

foods, total fat as a nutrient index, occupational exposure o asbestos and history
of chronic lung disease.

“Second, a positive association between schooling with self-reported ETS, could
be interpreted as proof of 'increased sensitivity' to the smoke of others among
nonsmokers of higher SES. Based upon data from the 1988 NHIS-OH, and
mast other smaller surveys and studies of ETS, we expected to find that CPS 11
participants of relatively lower SES would have reported more ETS than those in
higher SES. Tables 21 and 22 show that there was a direct relationship between
any self-reported exposure to ETS and years of education (i.e., higher educated
"participants reporting more exposure), whereas the opposite occurred with any
spousal ETS. In table 46 we compared formal education with self-reported ETS
status, and spousal smoking status (any versus none). For simplicity we
restricted the comparison to the extremes of less than high school and college
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Braduares and Sradmare seool  THE TesUils of IS COMpParison clearly ndicate
that nonsmokers with higher education were more likely to report any ETS
exposure, but less likely to be married to ever smokers, and suggests that self-
reported ETS does not accurately reflect ETS exposure.

Table 46. Comparison of any ETS exposure (self-reported or
from spousal smoking) by years of education among CPS II
nonsmokers, 1982.

Years of  Self reported ETS  Ratio of exposed Spousal ETS Ratio of exposed
ey

edncation Any None Anv None

16+ 62,731 56,101 1.3 46,036 52,621 6.9

<12 16,922 36,681 (95% CI=1.3-13) 18,331 13.688 (95% CI=0.80.9)

Third, self-reported number of hours of ETS exposure does not necessarily
reflect the intensity of ETS exposure, but duration to an undetermined amount of
ETS. This limitation might contribute considerable misclassification of self-

reported ETS.

Fourth, as mentioned in 8.1, an indication that suggests such misclassification
of ETS exposure is found in the results of seif-reported ETS exposure itself.
Unlike most spousal simoking analyses, there is 2 consistent patiern of deficit in
flie risk of lung cancer for the first and second tertile of self-reported ETS
exposed, whether it is cumulative in the three settings, ETS at home, work or
other places separately. These results are compatible with misclassification of an
undetermined proportion of exposed who left blank spaces for hours of ETS
exposure blank in the CPS II questionnaire.

Last, the classification by self-reported ETS in 1982 has another inherent source
of Inisclassification: that from the changing patterns of smoking (e.g., unexposed
subjects in 1982 might have been exposed before if married to former smokers).
Therefore, self-reported current ETS exposure does not assess long-term
exposure, whereas smoking status of spouses might reflect exposure for many
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1983).

An estimate of the RR of lung cancer from ETS corrected for this downward
misclassification bias, using the data available in NRC 1987 report which was
RR=1.9 (Gann 1988). The EPA report included a correction for this bias (EPA
1992), and the pooled estimates were in the order of our metanalysis estimate
(i.e., 1.2). Correcting for this downward bias would result in estimates of 1.2.

Garfinkel et al. pointed out, when reporting the findings of CPS I, that "Long-
term effects of passive smoking are difficult to establish because of the problems
of classification. It may be misleading to classify a woman as a passive smoker
or not on the basis of her husband's smoking habit. Wives of nonsmokers mnay
be more exposed o cigarerte smmoke of others than wives of cigarette smoking
men; wives of smokers may be very little exposed to the cigarstte smoke of their
husbands or other” {Garfinkel 1981).

In the hypothetical situation of randomly misclassifying 10-25 percent of the
study participants, any bias is towards the null: the true effect of ETS would be at
least as great as the point estimate, and the size of the bias would range from
-0.03 10 -0.4. Notice that in the typical stituation the bias would have been
around -0.06 (i.e., the true parameter 1.2), and that the bias is more sensitive to
misclassification of exposure (i.e., nonsmoking spouses being truly smokers).
[ If classification of subjects in this study had been 5 percent imperfect by the four

[ parameters, the corrected RR would have been 1.2.
8.4 Confounding

The decline of smoking in the US since the late 60's is reflected in the age
distribution of either spousal ETS (particularly the prevalence of current smoking
spouses), and self-reported ETS. Younger nonsmoking study subjects were
more likely to have any ETS exposure than older persons in the analytic cohort
of self-reported ETS. Since lung cancer rates increase exponentially with age,
confounding by this variable occurred in the analyses of self-reported ETS.
Data-based confounding (i.e., change in estimate) by SES and gender was not

|
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estimates presented in this report are simultaneously adjusted for age, gender,
'race’ and schooling as a proxy of SES. Uncontroiled confounding by age is
unlikely to have occurred given the fact that in most analyses we grouped age by
quinguennia, thus allowing variation within age levels.

Inclusion of other variables in the Cox regression models did not affect the
adjusted results reported in the previous chapter. No evidence of confounding
by other risk factors such as the intake of foods containing carotenoids, dietary
fat, marital status, or history of chronic lung disease, was found.

8.5 ETS-CHD association is unexplained by misclassification of
smoking status

At the core of the Mantel-Lee bias argument against the scientific case for an ETS
lung cancer and cardiovascular diseases association, is the contention that a very
strong assaciation of active smoking with those outeomes would ba reflected by
the misclassification of some smokers, more likely former smokers, among those
selected into a study population of nonsmokers. As shown in the NCR report

_and reproduced in an iHustrative example above, the Mante!-Lee argument may

_be reasonable when discussing the ETS and lung cancer association, given the

“Fact that the size of the effect (i.e., odds ratio) of active smoking on lung cancer
risk is considerably large (22 among men in CPS ). This argument, however,
cannot explain the association of CHD and ETS, as shown below.

A review of the evidence from major cohort studies on active smeking and
coronary heart mortalicy provides estimates of the RR that range from 1.58 to
. 2.55 for current cigaratte smokers (Fielding 1992).

To set limits to the possible effect of the Mantel-Lee bias, we will follow the
same approach illustrated in figure 3, but for the case of the ETS-coronary heart
disease association. The same simplifying assumptions are used to provide the
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from CHD, are censored at the end of the six-year follow-up, and deaths
occurred at the mid-period. We assumed also a 3 percent misclassification of
active smokers {(Lee 1988). In addition, we assumed a CHD mortality rate of
4.8 per 13000 subjects, with a 20 percent prevalence of current smokers, and a
two-fold increased CHD death rate among smokers. It was found that
misclassification of smoking status would not have a meaningful effect on the
estimates of a such study (i.e., biasing the study from 1.0 to 1.03). The
bypothesis of bias from misclassification of active smoking te explain the ETS
lung cancer hypothesis as set forth by Mantel and Lee (Lee 1985) necessarily
implies it should also explain the ETS-CHD association. The number of reports
on ETS and CHD has increased since this argument was first presented in 1985
{Steenland 1992), and by refuting this statement, these studies further reduce the
credibility of the argument of bias by misclassification of active smoking to
explain the observed effects of ETS on lung cancer risk or any other major ETS-
related disease.

There 1s another major weakness of the Mantel-Lee or "active smoking
misclassification bias”, namely that most misclassified smokers are actually
former smokers. The CHD-active-smoking relationship bolds for current
smokers and the increased risk is reduced by more than half by the end of the
first vear of cessation. Also, the risk of former stnokers slowly approaches the
risk of never smokers (Fielding 1992, US DHHS 1982). Therefore, the net
ffect of the potential bias argued by Mantel and Lee is negligible on the observed
relationship between CHD and ETS. Steenland made this point in a review of
the ETS -CHD asgociation, noting that the affect of such bias would be about 2%
(Steenland 1992).
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8.6 Causal Inference

The research hypotheses outlined in the Introduction, cannor be rejected or verified on
the basis of the results of a single study. The results of this study seem 1o support the
hypothesis of a weak association of cumulative exposure to ETS with the risk of lung
cancer among nonsmoekers, increasing such risk by 20-30 percent. The lack of
statistical significance of the estimates of the effect should not be confused with a null
effect, because statistical significance depends heavily on numbers, and it has been
shown that our study had little power to detect a RR of 1.2. 1o addition, a
misclassification bias towards the null is likely to have taken place in this study, in an
amount enough to dilute the RR estimate from [.3 to 1.2 (specificity <90%). It is not
in the strength of the association that the ETS-lung cancer hypothesis finds support,
but in other major criteria for causal inference in epidemioclogy.

The time order of the observed association is a particular advantage of this study: the
assessment of ETS exposure preceded the ascertainment of deaths. This criterion for
causal inference is assured by the prospective nature of the study design. As
discussed before, this design prevents the occurrence of recall bias,

Consistency is the persiséence of an association upon repeated test, and has two
domains: survivability and replication {Susser 1991). Survivability stresses the
t:;umber and severity of tests. This study adds survivability to the ETS and lung cancer
ﬁ}po[hesis in at least the following ways. First, this study, controls more rigorously
for age by using proponicnal hazards modeling and thus "swratifying” more finely for
age, and at the same time it adjusted for SES, and many other potentiza! confounders.
Second, this study avoided the potential of recall bias more likely to occur in case-
control siudies. Lase, this siudy also provided estimates for two independent sources
of assessing ETS exposure: self-reported ETS and exposure from spousal smoking
status, and the smoking status of spouses was doubly checked.

Regarding replicability, most epidemiologic studies of lung cancer and ETS have
consisted of non-smoking lung cancer cases among wives according to the smoking of
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their husbands. The summary estimate from 37 epidemiologic studies, including this
one, contrasting the risk of Jung cancer of women according to their ETS exposure on
the basis of their husband smoking status is still 1.2 (95% CI=1.1-1.3). This study is
consistent with a weak effect of ETS on the risk of lung cancer among nonsmeokers.

Based on previous knowledge of the joint effects of asbestos and tobacco smoke upon
the risk of lung cancer, this srudy is a confirmation of the prediction that tobacco
smoke involuntarily inhaled by nonsmokers exposed to asbestos will increase the risk
of lung cancer above that of those exposed to either asbestos or ETS alone. Although
based on few numbers, this study found suggestive evidence that this synergism might
accur for both active smoking and ETS.

It is important to note, at this point, that smoking spouses of CPS II norsmokers
smoked less than their counterparts of other US nationwide studies (e.g., Fontham
1991). The distribuiion of pack-years indicates that only | percent of the entire cohort
was exposed to 80+ pack years. The distribution of pack-years of CPS II smoking
spouses of nonsmokers is skewed 1o the left with respect with to the SEER based
case-control study population . Thus, the overall effect of ETS on lung cancer risk
among nensmokers is likely to be scmewhat small because of the low level of ETS

exposure in the cohort.

Finally, the findings of this study are plausible in terms of pre-existing knowledge
about the carcinogenicity of tobacco smoke components, iz virro and in vive models,
as well as from epiderniologic studies of active smoking.

The biological plausibility of the ETS-lung cancer association is alse well founded and
it 1 based upon the evidence of harmful effects of ETS constituents leading to: 1) an
increased incidence of lower respiratory tract infections, additional episodes of asthma
in children, reduced lung function, increased prevalence of middle ear infections and
symptoms of upper respiratory tract infection in children (EPA 1992); and 2) an
increased risk of CHD in adults in a similar pattern followed by active smoking
(Steenland 1992). Also, asbestos fibers increase cell proliferation and the occurrence
of tumors (Kilburn 1992). Thus, this property of asbestos fibers added to the
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genotoxicity properties of tobacco smoke are beneath the observed synergism of those

two environmental hazards.

In summary, the following scientific facts lend biologic plausibility to the conclusion
in epidemiologic studies like this that ETS causes lung cancer: 1) tobacco smoke from
active smoking causes lung cancer as shown in epidemiologic studies, genotoxicity
and animal data, 2} the same carcinogens found in MS and some other carcinogens
perhiaps more likely to reach the peripheral parts of the lung are present in ETS, 3} the
levels at which ETS is present are consistent with those at which a risk is expected. 4)
ETS is absorbed by nonsmokers in amounts at which a risk would be predicted, and
5} that the collective findings of epidemiologic studies like this one, strongly support a

cause-effect relationship.

8.7 Conclusions

1. With respect to our first hypothesis, our study found that non-smokers exposed to
ETS from current spousal smoking are at higher risk of fatal lung cancer than are non-
smokers not exposed to ETS. However, we failed to provide precise estimates, and
the 95% CI included the null value. Current spousal smoking increased the risk of
lung cancer of non-smokers (both men and women) by 30% (0.8-1.9). Our study did
not find an overall association with self-reported ETS expos{iée. However, we found
indication that missing data on reported hours of exposure to ETS may have

introduced misclassification, thus biasing the results rowards the null,

2. Our study found a weak dose-response refationship with pack-years of cigarettes
smoked during marriage by husbands of nonsmoking women, but also this
relationship was oot statistically signficant (test for trend p=0.14). This relationship
was not found for nonsmoking men. There was an 50 percent increased risk of of
lung cancer among nonsmoking wives married to cigarette smoking husbands who
smoked heavily during their marriage (36+ pack- years) [RR=1.5 (95% CI=0.8-2.8)];
these women represent the upper 17 percent of those married to ever cigarette

smokers.
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3. Consistent with the summary estimate of 1.2 {93%CI=1.1-1.3) for the risk of
nonsmoking women married to ever smokers from 36 published epidemiologic studies
reviewed for this paper, this study reports an estimate of 1.3 for the risk of lung cancer

among nonsmoking women married 1o current smokers {any type) {(95% CI=0.8-1.9).

4. This study among nonsmoking CP35 II participants suggests that there are greater
than expected joint effects of ETS and occupational exposure to asbestos (p=0.18). If
this relationship exists, it would resemble the known synergism between active

smnoking and asbestos.

5. The nonstatistically significant association between ETS exposure from spousal
smoking and the risk of lung cancer remained unchanged after adjustment for relevant
potential confounders, and is not atributable entirely to misclassification of smoking
status (i.e, misclassified smokers are included in a study restricied to nonsmokers).

6. Consistent with larger studies, a smail validation study found that diagnosis of lung
cancer from death certificates correctly classifies lung cancer deaths. Therefore,
epiderniologic studies of lung cancer which rely on diagnosis from death certificates

may still yield valid estimates of effect.

6971222052




References

ACS: Cancer facts and figures- 1993. Atlanta: ACS, 1993,

Akiba S, Kato H, Blot Wi: Passive smoking and lung cancer among Japanese
women. Can Res 1986; 46: 4804-4807.

Alavanja MCR, Brownson RC, Boice JD, and Hock E: Preexisting lung disease and
-lung cancer among nonsmoking women. AJE 1992; 136 (6): 623-632.

Alavanja MCR, Brown CC, Swanson C, and Brownson RC: Saturated fat intake and
lung cancer risk among nonsmoking women in Missouri. JNCI 1993 83: 23: 1906-
1916.

Appel BR, Guirguis G, Kim I, Garbin O, Fracchia M, Flessel CP, Kizer KW, Bock
SA, and Warriner TE: Benzene, benzo[ct]pyerne, and lead in smoke of tobacco
product other than cigarettes. ATPH 1990; 80: 560-564.

Auerbach O, Hammond EC, Kirman D, and Garfinkel L: Effect of cigarette smoking
on dogs. II Pulmonary Neoplasms. Arch Environ Health 1970; 21: 754-768.

Becher H, Zaronski W, and Jockel KH: Passive smoking in Germany and Poland:
Comparison of exposure levels, sources of exposure, validity and perception.
Epidemiology 1992: 3: 509-514.

Blot WTJ and Fraumeni JF: Passive smeoking and lung cancer. INCI 1986; 77: 993-
1000.

Blot WI: Lung cancer and occupational exposures. In Mizell M, and Correa P: Lung
cancer: causes and prevention. Deerfield Beach: Verlag Chemie International, 1984.
pp. 47-64,

Boffetta P, Stellman SD, Garfinkel L: Diesel exhaust exposure and miortality among
males in the American Cancer Society Prospective Study. Am J Ind Med 1988; 14:
403-415.

Boring CC, Squires TS, Tong T: Cancer statistics, 1993. Atlanta: ACS, 1993,
Breslow NE and Day NE: Statistical methods in cancer research. Vol II. The design
and- analysis of cohort studies..World Health Organization, IARC pub. # 82, Lyon.
1987.
Brilliant LB, Lapkowski JM and Musch DC: Reliability of ophthalmic diagnoses in an
epidemiologic survey. AJE 1983; 118: 265-279.

0LbLeee05e



146

Brownson RC, Reif JS, Keefe TI, Ferguson SW, and Pritz] JA: Risk factors for
adenocarcinoma of the lung. AJE 1987; 125 (1) 25-34.

Brownson RC, Alavanja MC, Hock ET, Loy TS: Passive smoking and [ung cancer in
nonsmoking women. AJPHA 1992; §2: 1525-1530.

Butler TL: The relationship of passive smoking to varipus health outcomes among
Seven-Day Adventists in California, Dissertation. Los Angeles: UCLA. 1988,

Butler WI: Lung cancer, spousal smoking status, and confounding AJE 1990; 131:
724,

Calle EE and Terrell DD: Uility of the NAtional Death Index for ascertainment of
mortality among Cancer Preveation Study II participants. AJE 1993; 137 (2): 235-
241,

Claxton LD, Morin RS, Hughes TJ, Lewtas J: A genotoxic assessment of
environmental tobacco smoke using bacterial bioassays. Mutation Res 1989, 222: 31-
99,

Caporaso NE, Tucker MA, Hoover RN, Hayes RB, Pickle LW, Isaaq HJ, Muschick
GM, Green-Gallo M, Buivys D, Aisner 3, REsau JH, Trump BF, Tollerud D,
Weston A and Harris CC: Lung cancer and the debrisequine metabolic phenotype.
JNCI 1990; 82: 1264-1272,

Chilmonczyk BA, Knight GJ, Palomaki GE, Pulkkinen AJ, Williams J and Hadow
JE: Environmental Tobacco Smoke exposure during infancy. AJPH 1590; 80 (10):
1205-1208.

Coleman P: Directory of on-going research on cancer epidemioiogy. . Lyon: IARC,
1992,

Comstock GW, Bush TL, Helzlsouer K: Serum retinol, beta-carotene, vitamin E, and
selenium as related to subsequent cancer of specific sites. AJE 1992 135 (2): 115-
121,

Cox DR: Regression models and life tables (with discussion). J Royal Statistical
Society. Series B 1972; 34: 187-220.

Cummings KM, Markello SI, Mahoney MC, Marshall JR: Measurement of lifetime
exposure to passive smoke. AJE 1989; 130 (1): 122-132.

Cumtmings KM, Zaig A, Markello S: Variation in sensitivity to environmental tobacco
smoke among adult non-smokers. [JE 1991; 20: 121-125.

bibLZZZose

o



147

Dalager NA, Pickle LW, Mason TJ, Correa P, Fontham ET, Stemhazen A, Buffler
PA. Ziegler RG, and Fraumeni JF Jr: The relation of passive smoking and lung
cancer. Can Res 1986: 46: 4308-4811.

Devesa $S, Blot WI. Fraumeni JF: Declining lung cape®T rates among young men and
women in the United States: A cohort analysis. INCI 1989; 81: 1368-1371.

Doll R, Hill AB and Kreyberg L: The significance of cell type in relation to the
aetiology of lung cancer. Br J Cancer 1957; 11: 43-48.

Doll R, Hill AB: Smoking and carcinoma of the lung. BMJF 1950; 2: 738-748.
Emmons KM, Abrams DB, Marshall RJ. Ethzel RA, Novotny TE. Marcus BH, and
Kane ME: Exposure to Envirenmental Tobacce Smoking in naturalistic settings.
AJPH 1992; 82 (1): 24-28.

Environmental Protection Agency Report: Respiratory Health Effects of passive
smoking: LLung Cancer and Other Disorders. Washington: EPA. December 1992,
Fielding JE: Smoking: Health effects and control. In Last JM and Wallace RB (eds):
Maxcy-Roseanu-Last Public Health & Preventive Medicine. 13th ed. Norwalk:
Appleton & Lange. 1992, pp.715-740.

Fleiss JL and Gross AJ: Meta-analysis in epidemiclogy, with special reference to
studies of the association between exposure to environmental tobacco smoke and lung-
cancer: a critique. J Clin Epidemio] 1991; 44 (2): 127-139.

Fleiss JL: Statistical methods for rates and proportions. Znd ed. N. York 1981.
Fontham ET, Correa Q, Wu-Williams A, Reynolds P, Greenberg RS, Buffler PA,
Chen VW, Boyd P, Alterman T, Austin DF, Liff I, and Greenberg SD: Lung cancer in
nonsmoking women: a multicenter case-control study. Cancer epidemiology,
biomarkers and prevention 1991; 1: 35-43.

Fontham ET: Protective dietary factors and lung cancer. IJE 1990; 19 (3) Supple 1, p.
$32-842.

Friedman GD, Pettiti DB, Bawcl RD: Prevalence and correlates of passive smoking.
AJPH 1983; 73 (4): 401-405.

Gann P, Coghlin-Strom i, and Hammond K: Measurement of bias due to
misclassification in epidemioclogic studies of lung cancer. AJE 1988; 128 (4): 920-921.
Gao :i”l-', Blot WI, Zheng W, Ershow AG, Hsu CW, Levin LI, Zhang R, and
Fraumeni JF: Lung cancer amoeng Chinese women. 1IC 1987; 40: 604-609.

Z.1p12TT0ST



148

Garfinkel L: Time trends in lung cancer mortality among non-smokers and a note on
“passive smoking. JINCIL 1981; 66 (6): 1061-1066.

Garfinkel L, Auerbach O. and Joubert L: Involuntary smoking and lung cancer: a case-
control study. JNCI 19835; 75: 463-469.

Garfinkel L, Bofferta P: Smoking and estrogen-related cancer. Data from the ACS
studies. In Wald N and Baron J: Smoking and hormone related isorders, Oxford:
Oxford Medical Pub, 1990.

Garfinkel L, Boffetta P: Association between smoking and leukemia in two ACS
prospective studies. Cancer 1990 63: 2356-2380.

Garfinkel L and Silverberg E: Lung cancer and smoking trends in the US over the past
25 years. CA 1991, 41: 137-145.

Glantz $A and Parmley WW: Passive smoking and heart disease. Circulation 1991;
83 (1) 1-124.

Glantz SA, Parmley WW; Passive smoking causes heart disease and lung cancer. [J
Clin Epidemiol 1992; 45 (8): 815-819.

Glass A: Declinig rates of lung cancer in the US in young men and women. JNCI

1991; 83 (5): 368-360.

Greenland S and Robins J: Conceptual problems in the definition and interpretation of
attributable fractions. AJE 1988; 128 (6): 1185-1197.

Greenland S: Modeling and variable selection in epidemiologic analysis. AJPH 198%;
79:(3): 340-349.

Guess HA and Thomas EJ: A rapidly converging algorithm for exact binomial
_confidence intervals around the relative risk in follow-up studies with stratified
_incidence-density data. Epidemiology 1990; 1 (1): 75-77.
"Hammond EC and Horn D: Smoking and death rates -report on forty-four menths of
follow-up of 187,783 men. JAMA 1958; 166: 1159-1172.

Hammond EC: Smoking in relation to the death rates of one million men and women.
I: Haenszel W, ed.: Epidemiological approaches to the study of cancer and other
chronic diseases. NCI Monogr 16: 127-204, 1966.

Heath CW Jr.: Passive smoking: Enivronmental tobacco smoke and lung cancer.
Lancet 1993; 341: 701.
" Hennekens CH and Buring JE: Epidemiology in Medicine. Boston: Little and Brown,
1987. p. 8%.

eLy 1222052

L3

L

PR



149

Hinds MW, Kolonel LN, Lee J: Applicatio-n of a job-exposure malrix o a case-control
stﬁdy of lung cancer. JNCI 1985; 75: 193-197..

Hirayama T: Non-smoking wives of heavy smokers have a higher incidence of lung
cancer: a study from Japan. BMJ 1981]: Z82: 183-185.

Hirayama T: Cancer mortality in nonsmoking women with smoking husbands on a
large-scale cohort study in Japan. Prev Med 1984; 13: 680-690.

Hole DJ. Gillis CR, Chopra C, Hawthorne VM: Passive smoking and
cardiorespiratory health in a general population in the West of Scotland. BMJ 1989;
299; 423-427.

Humble CG. Samet JM, Pathak DR: Marriage to a smoker and lung cancer risk.
AJPH 1987; 77: 398-602, '

Inoue R, Hirayama T: Passive smoking and lung cancer in women. Smoking and
Health. Elsevier. 1988, pp. 283-183.

Janerich DT, Thompson WD, Varela L, Greenwald P, Chorost S, Tucci C. Zaman
MB, Melamed MR, Kiely M, McKneally MF: Lung cancer and exposure to tobacco
smoke in the household. WEIM 1990 323: 632-636. )

Kabat GC and Wynder EL: Lung cancer in nonsmokers. Cancer 1934; 53: 1214-1221.
Kalandidi A, Katsouyanni K, Vaoropoulu N, Bastas G, Saracci R, Trichopoulos D:
Passive smoking and diet in the eticlogy of lung cancer among non-smokers. Cancer
causes and control 1990; 1: 15-21.

Kellerman G, Shaw CR, Luyten-Keilerman M: Ary! hydrocarboxilase inducibility and
bronchogenic carcinoma. NEJM 1973; 289: 934-937.
Kelsey JL, Dwyer T, Holford R, Bracken MB: Maternal smoking and congenital
malformations: An epidemiological study. J Epidemiol Community Health 1978; 32:
102-107.

Kleinbaum D, et al : Epidemioclogic Research (principles and quantitative metheds),
Lifetime Learning Publications, Belmont, 1982.
Kilburn KH: Asbestos and other fibers. In Last JM and Wallace RB (eds): Maxcy-
Roseanu-Last Public Health & Preventive Medicine. 13th ed. Norwalk: Appleton &
Lange. 1992, p. 349.
Kreyberg L: Histological lung cancer types. A morphological and biological
correlation. Acta Pathol Microbiol Scand 1962; 157: 1-93.

yLyLTeZ0ST



.Lam TH, Kung ITM, Wong CM, Lam WK, Kleevens JWL, Saw D, Hsu C,
“Sneviratne H, Lam 3Y. Lo KK, and Chan WC. Smoking, passive smoking and

- histological types in lung cancer in Hong Kong Chinese women. BrJ Cancer 1987; 2
56: 673-678.
; Landis JR and Koch GG: The measurement of observer agreement for categorical
, data. Biometrics 1977; 33: 671-679. -

_ Last JM: Dictionary of Epidemiology. 2nd edition. IEA. New York: Oxford
;. University Press, 1988, pp. 9-10.
Lee PN in Lehnert G, Garfinkel L, Hirayama T, Schmiihl D, Uberla K, Wynder EL,
and Lee PN: Roundtable discussion of the Symposium "Medical Perspectives on -
Passive Smoking". Preventive Medicine 1984, 13: 730-746.
Lee PN: Does breathing cther people's tobacco smoke cause lung cancer? BMJ 1986;
293: 1503-1504.
Lee PN: Misclassification of smoking habits and passive smoking. A review of the -
evidence. Int Arch Occup Env Hlth. Berlin: Springer-Verlag, 1988,
Lee PN: Environmental Tobacco Smoke and Mortality. A dertailed review of
epidemiological evidence relating ETS to the risk of cancer, heart disease and other
causes of death in adults who have never smoked. Basel: Karger, 1992,
Lee PN: Environmens:al tobacco smoke and heart disease. JAMA 1992; 267 (24): kK
3284.
Lehnert G, Garfinkel L, Hirayama T, Schm&h!l D, (berla K, Wynder EL, and Lee
PN: Roundtable discussion of the Symposium "Medical Perspectives on Passive
-Smoking”. Preventive Medicine 1984; 13: 730-746.
dLetzel H, Blumner E. Uberla K: Meta-analyses on passive smoking and lung cancer.
Effects of study, selection and misclassification of exposure. Environ Technol Lett
1988; 9: 491.
Levine M, Goldstein H, and Gerhardt PR: Cancer and tobacco smoking: a preliminary ?
report. JAMA 1950; 143 (4): 336-3338.
Little RJA and Rubin DB: Statistical analysis with missing data. New York: Wiley,
1987.
» Léfroth G: Environmental tobacco smoke: overview of chemical composition and

genotoxic components. Mutation Res 1989; 222: 73-80.

Sivizzzosz
“



2

Lﬁy_chou C: Passiv Rokning-Glom into Pipoch Cigarrokharna! [Passive Smoking-
Don't forget Pipe and Cigar Smokers!} Lakartidningen 1986; 83: (23-27): 2373.
Mantel N and Haenszel W Statistical aspects of the analysis of data from retrospective
studies of disease. Joumal of the National Cancer Institute 1959; 22 (4); 719-747,
Mantel N: Epidemiologic investigations: Care in conduct, care in analyses and care in
reporting. J Canc Res Clin Oncol 1983: 103: 113-116.

Mantel N: What is the epidemiclogic evidence for a passive smoking-lung cancer
association? In: Kasuga H, Ed: Indoor Air Quality. Berlin: Springer-Verlag, 1990:
341-347.

Mantel N: Dubious evidence of heart and cancer deaths due to passive smoking. [
Clin Epidemiol 1992; 44 (8): 809-813.

Miettinen OS and Cook EF: Confounding: essence and detection. AJE [981; 114 (4):
593-603.

Miettinen OS: Theoretical Epidemiology. Principles of occurrence research in
Medicine. New York: Wiley, 1985.

Minna JD, Pass H, Glatsein E, Ihde DC: Cancer of the lung. In DeVita VT, Hellman
S, Rosenberg SA: Cancer: Principles and Practices of Oncology. 31d edition.
Philadelphia:; Lippincott, 1989, p. 602.

MMWR: Environmental Tobacco SMoke in the workplace: Lung cancer and Other
Health Effects. MMWR 1991 40 (25): 430-431.

MMWR: Discomfort from Environmental Tobacco Smoke among employees at
worksites with minimal smoking restrictions. MMWR 1992; 41 (20): 351-354.
MMWR: Preliminary Data: Exposure of Persons Aged 24 years to tobacco smoke
-US, 1988-1921. MMWR 1993; 42 (2): 37-36.

Mulvihill JT and Bale AE: Ecogenetics of lung cancer: genetic susceptibility in the
etiology of lung cancer. In Mizell M, and Correa P: Lung cancer: causes and
prevention. Deerfield Beach: Vertag Chemie International, 1984. pp. 141-152.
National Cancer Institute: Cancer Statistics Review 1973-1986. NTH Pub. 83-2789.
Bethesda: NCI. May 1989.

Natipnal Cancer Institute: Cancer Statistics Review 1973-1588. NIH Pub. 89-2729.
Bethesda: NCI. May 1991.

9.b1z2Z05zZ




National Center for Health Statistics: 1988 National Health Interview Survey-
Cccupational Health Supplement Data. WONDER Documentation on tapes number
DSN=CC36.NHIS88 OCHEALTH.

National Research Council. Commitiee on Passive Smoking. Board on Environmenial
Studies and Toxicology: Environmental Tobaceo Smoke. Measuring exposures and
assessing health effects. Washington, DC: National Academy Press, 1986,

O'Neill IK, Brunnemann KD, Dodet B, and Hoffmann (eds): Environmental
carcinogenesis methods of analysis and exposure measurement. Vol 9 - Passive
smoking. WHO/TARC, Lyon. New York: Oxford University Press. 1987.

Pershagen G: Passiv Rokning-Glom into Pipoch Cigarrokhama! [Passive Smoking-
Don't forget Pipe and Cigar Smokers!] Lakartidningen 1986; 83: (23-27) 2373,

Percy C, Stanek E, and Gloeckler L: Accuracy of cancer deaths certificates and its
effect on cancer mortality statistics. AJPH 1981; 71 (3): 242-250.

Peto R, Lopez AD, Boreham J, Thun MJ, and Heath CW: Mortality from tobacco in
developed countries: indirect estimation from national vital statistics. Lancer 1993;
339: 1268-1278.

Pron GE, Burch JD, Howe GR, Miller AB: The reliability of passive smoking
histories reported in a case-conirol study of lung cancer. AJE 1988, 127: 267-273,
Redmond DE Jr: Tobacco and cancer: The first clinical report, 1761. NEJM 1970;
282: 18-23.

Reif IS, Dunn K, Oglivie GK. and Harris CK: Passive smeking and canine lung
cancer risk. AJE 1992; 133: 234-9,

Repace JL and Lowry AH: Indoor air pollution, tobacce smoke, and public health.
Science 1980; 464-472.

;I_lepace JL and Lowry AH: Tobacco smoke, ventilation, and indoor air quality.
ASHRAE Trans 1982; 88: §94-914. '

Robins J. Risk assessment - Exposure to environmental tobacco smoke and lung
cancer. In National Research Council. Committee on Passive Smoking. Board on
Environmenta} Studies and Toxicology: Environmental Tobacco Smoke. Measuring
exposures and assessing health effects. Washington, DC: National Academy Press,
1986., pp. 294-337. 7

'Rothman KJ and Boice JD: Epidemiclogic analysis with a programmable calculator.
2nd ed. Brookline: Epidemiology Resources Inc, 1982.

LY2ZZe0S2

£



.

Rothman KJ: Modem epidemiology. Boston: Little. Brown and Company. pp. 165-
166.

SAS Institute: SAS Technical report P-217. The PHREG Procedure. Cary: SAS
Institute Inc, 1991.

Selikoff 1J, Hammond EC, Churg I: Asbestos exposure, smoking and neoplasia.
JAMA 1968; 204: (2): 104-110.

Shephard RJ: The risks of passive smoking. New York, Oxford University Press.
1982.p. 33.

Shimkin MB: Some Historical Landmarks in Cancer Epidemiology. InSchottenfeld D:
Cancer epidemiology and preventicn. Springfield: Thomas, 1975, pp. 62-63.
Shopland RD, Eyre HJ, and Pechacek TF: Smoking-attributable cancer mortality in
1991: Is lung cancer now the leading cause of death amoeng smokers in the US? INCI
1991: 83 (16): [142-1148.

Sobin LH, Yesner R: WHO International histological classification of tumors. 1-
Hiswological typing of lung tumors. 2nd. edition. Geneva: WHQ, {981,

Spitzer WO, Lawrence V, Dales R, Hill G, Archer MC, Clark P, Abenhaim L, Hardy
J, Sampalis J, Pinfold SP, and Morgan PP: Links between passive smoking and
disease: a best evidence synthesis, A report of the Working Group on Passive
Smoking., Clin Inv Med 1990; 13 (1): 1742,

Steenland K: Passive smoking and the risk of heart disease. JAMA 1992; 267 (1): 94-
g9,

Stellman SD, and Garfinkel L. Smoking habits and tar levels in a new American
Cancer Society prospective study of 1.2 mitlion men and women. INCI 1986; 76:
1057-1063.

Stellman SD, Boffetta P, Garfinkel L: Smoking habits of 800,000 American men and
women in relation to their cccupation. AJIM 1988; 13; 43-58.

Stellman SD: Sweetener usage in America. A brief history and current usage patterns.
In Williams GM: Sweeteners: Health Effects. Princenton: Princenton Scien Pub 1988,
pp. 1-18.

Stockwell HG, Goldman AL, Lyman GH, Noss Cl, Armstrong AW, Pinkham PA,
Candelora EC, and Brusa MR: Environmental tobacco smoke and lung cancer risk in
nonsmoking women. JNCI 1992; 84: 1417-1422.

gLy 1222052




_Stolwijk JAJ and Kessler II: Workgroup report. Assessing low-risk agents for lung
" cancer: methodelogical aspects. ITE 1990; 19 (3): $84-586.
Susser M: What 15 a cause and how do we know one? A grammar for pragmatic
epidemiology. AJE 1991; 133 (7): 633-648. '
Thomas DB: Cancer. In Last JM and Wallace RB (eds); Maxcy-Roseanu-Last Public
Health & Preventive Medicine. 13thed. Norwalk: Appleton & Lange, 1992, pp. 811-
326. '
Thun MJ, Namboodiri MM, Heath CW Jr: Aspirin use and reduced risk of fatal colon
cancer. NEJM 1991; 325 (23): 1593-1596.
Thun MJ, Calle EE, Namboodiri MM, Flanders DW, Coates RJ, Byers T, Boffetta P,
Garfinkel L, Heath CW: Risk factors for fatal colon cancer in a large praspective
study. JINCI 1992: 84 (19): 1491-1500.
Thun MJ, Altekruse 5F, Namboodiri MM, Calle EE, Myers DG, and Heath CW: Hair
dye use and risk of fatal cancer in US women. JNCI [994; 86 (3): 210-213.
Trichopoulos D, Kalandidi A, Sparros L, MacMahon B: Lung cancer and passive
smoking. Int J Cancer 1981; 27: 14,
Trichopoulos D, Molio F, Tomatis L., Agapitos E, Delsedime L, Zavitsanos X,
Kalandidi A, Katsouyammi K, Riboli E, Saracci R: Active and passive smoking and
pathological indicators of lung cancer risk in an autopsy study. JAMA 1992; 268 (13):
1697-1701.
US DHHS: The Health consequences of involuntary smoking: a repart of the Surgeon
General. Washington DC: US GPQ, 1986,
-UUS DHHS: The health consequences of Smoking: Cancer. A report of the Surgeon
=General. Washington, DC: US GPO, 1989,
Vandenbroucke JP: Passive smoking and lung cancer: a publication bius? BV 1988;
206: 391-392,
Vincent RG: Lung cancer: A twentieth-century disease. In Mountain CF and Carr DT:
Lung cancer. Current status and prospects for the future. Austin: University of Texas
Press, 1986.
Wall MA, Johnson S, Peyton I, Neal LB: Cotinine inte serum, saliva and wurine of
- nensmokers and smokers. AJPH 1988: 78: 699-701.
Wells AJ: An estimate of adut mortality in the US from passive smoking. Environ Int
1988; 14:249-265.

6.¥LzzZ0gz



.-‘:E{'ells AJ: Passive smoking and lung cancer: a publication bias? BMI 1988: 296: 1128.
Weston A, Caporase NE. Taghizadeh K, Hoover RN, Tannenbaum, Skipper PL,
Resau JH, Trump BJ, and Harris CC: Measurement of 4-aminobiphenyl-hemoglobin
adducts in lung cancer cases and controls. Can Res 1991; 51 5219-5223.

Wetzel B and Anderson R: Tumor regisiries. In Lung Cancer. The evolution of
concepts. Vol II. New York: Field & Wood, 1989. pp. 1-23.

WHO: Inrernational Classification of Disease. 9th Revision. (2 Volumes). Geneva:

WHO, 1979.
Willett W: Nutritional epidemiology. New Yerk: Oxford University Press, 1990, pp.

83-84,

Wynder EL and Goodman MT: Smoeking and lung cancer: some unresolved
issues.Epidemici Rev 1983; 5: 177-207.

Wynder EL, Graham EA: Tobacco smoking as a possible eticlogic factor in
bronchogenic carcinoma. A study of six hundred and eighty-four proved cases.
JANA 1950; 143: 329-336.

Wynder EL, Mabuchi K, Hoffmann D: Tobacco. In Schottenfeld D: Cancer
epidemiology and prevention. Springfield: Thomas, 1975. p. 106.

Yamagiwa K, Ichikawa K: Experimental study of the pathogenesis of carcinoma. J

Cancer Res 1918; 3: 1-29,

08bL2ZZ052Z




158

APPENDICES

A References and Tables of published studies and Metanalysis
of ETS.L.ung Cancer

B Abbreviations
C CPS II Questionnaires and Imstructions

I8P Leee0se

v



Appendix A

t
Casa-cobtrol study

Authors: Trichopoukos et al.

Souwrce: Lancal, 1983
Country: Grasce

2

Cass-control sludy
Authors: Chang &Fung
Sawce: Grundmann, 1982
Country:Hong Kong

3

Case-control  study
Authors: Corras ol ol.
Source: Lancel 1983
Country: USA

4

Case-control sludy
Authors: Kabal & Wynder
Sowrce: Cancer 1934
Couniry: USA

H

Case-conkol study
Authors: Bulitar el al.
Sourca: Mizell 18933
Gountry:USA

Casas
Conilrols
Tolal

Cases
Canitols
Tolal

Cases
Conlrols
Total

Cases
Contiols
Total

Cases
Gantroly
Total

Mala-analysls ol 36 sludies on ETS-lung cancer

Smoking hablis ol spouse
Smoker Nonsmoker Tolal

53 24 17
118 109 224
189 133 aon2

Smoking hablls of spouse
Smoker Nonsmoker Tolal

a4 50 B4
66 73 139
100 123 223

Smoking habits of spouse
Smoker Nonsmoker Total

17 14 31
87 226 313
104 240 344

Smoklng habis of spouse
Smoker Nongsmokar Talal

18 18 36
20 17 37
a8 35 73

Smoking hablls of spousa

Smoker Nonsmoker Tols]
3a 14 §2
2z0 1 288
258 BO 33a

Page 1

(03]

2.075

0.752

3.154

0.5

G0.814

I {OR} Var In {ORNAV In{OR) WIIn{QR)

D73 ©0.07B33 12,7866 9.31854

in (OR) Var in (ORYSY In{OR) WirinfOR)

-0.285 0078262 12,7776 -1.635801

In {OA} Var In {OR)*Y In{OR} WI"In{OR}

1,1488 0946171 6.8413 7.B50164

in (OA) Var in {OR)1V IntOR) Witin{OR)1
-0.163 0.219935 454681 .0.738942

In (OR) Var ka (CRAJLV in(OR) WIntn{OR))

-0.205 0117441 B.51489 -1.743333

Z8PL2ZZZ052
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Appendix A

3
Gass-contral siudy

Authors: Garlinkal at ak.

Sowce: JNC] 1985
Counuy:USA

7

Casa-control study
Authors: Wu at al.

Sourca; JNC] 1985
Cauntry: USA

8

Case-conirol stdy
Authors: Akiba a1 al.
Sowce: Can Res 1988
Counlry: Japan

9

Case-conlrol sludy
Authors: Dahiagar et al
Source: Can Res 1986
Coudlry; USA

10

Case-conurol study
Authors: Lee @l al.
Souice; BJXG 1986
Counlry: UK

Mata-analysls of 36 sludlas on ETS-lung cancer

Smoking hablts of spouse
Sinoker Nonsmoker Tolal

Cazas 91 43 134
Controis 254 148 402
Total 345 191 536

Smohking habits of spouse
Smokar Monsmokar Tolsl

Cases ? 7 29
Conrols 7 1 62
Toal 7 1 91

Smoking habils ol spouse
Smokar Nonsmokear Totsl
Cases 76 37 113
Controls 187 183 180
Toltal 273 220 493

Smoking hatits of spouse
Smokar Nonsmokar Telsl

Cases ? 7 48
Conliols ? 1 166
Total K4 T 514

Smokkng hebits of spouse
Smoksr Nonsmokar Tolal

Casas a0 7 47
Conliols 5% ar 86
Total 1] 54 143
Paga 2

ETS-Lung Cancer in CPS 1l

(R 1 (OR) Var in (ORI In{OR) WITIn{OR)I

1.233 0.2009 0.044939 222528 4.6627498

CR  In (DR} Var In (OR)I/V In{OR} WIIN{OR)

1.2 01823 0.t40231

(Cl«0.6-2.5)

71311 1.3001532

R i (OR) var b (ORI IW{OR) Wi*tn(ORYI

1.908 0.6461 0.050726

19,7138 12.73713

M In (R} Var In {QRPAV I{OR) Witin{OR)I

1.47 0.3853 0.11947
(95% C1-0.76-2.83)

B.3703 3.2247627

(R (OR) Var in (QR)IAY In(OR) WINIR{OR)

1107 01054 0.936133

7.34576 0.7445884
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Appandix A Mata-analysls of 38 studles on ETS-ung cancer ETS-Lung Cancar in CPS 1

11 Smoklng habits ol spouse (R o (OA} Yar in (OR)IV In{OR) WI*In{OR)i
Cuse-conlrol study Smokar Nonsmokes Total

Authors: Gao et al. Cutas 2486 180 438 0794 -0,231 0.016343 £1.1894 -14.10857
Source: 1JC 1987 Conlrols 375 230 EO5

Country: China Tolal 821 . 420 1041

12 Smaoking habits ol spouss (A in (R} Var ln (ORI (n(OR) Wit In{ORY
Cass-cantrol study Smoker Monsmoke: Toial

Authars; Brownson st wl, Cases 4 15 18 1.822 Q.6001 0507724 196953 1.1818572
Sourca: AJE 1387 Gontrols 3 41 LY

Country: USA Total 10 56 13

13 Smoking habits ol spouse (R n (DR} Var kn (ORYIAV In{OR) Wi'ln{OR)I
Caze-contiol study Smokst Nonsmoker Tolal

Authars: Koo el al. Cases 51 b2 .13 1.545 0.4353 0077617 12.8839 5.60B5763
Source: |G 1587 Conirols 66 70 136

Country: Hong Kong Tatal 17 108 222

14 Smoking heblis ol spousa (R in (DR} Var In (ORP/V IN(OR) WI'IR(OR)i
Gasa-contfol Study Smoker Nonsmoker Total

Aumors: Pershapgen 1 al. Cases 37 44 81 1.182 D.1669 0.060041 16.4092 2.7391618
Source: AJE 1987 Contrgls 153 215 kL1

Country; Sweden Total 190 259 448

15 Smoking habits of spouse (R tn (OR) Yar ln {OANY In{OR) Witin{OR}i
Case-control  sludy Smoker Nonsmokar Total

Authota: Humbla a1 al Casas 249 8 28 2.203 1.1641 G.18891¢ §.28352 6.16200
Source: AJPH 1987 Cantrols 128 164 292

Country: USA Total 148 172 320

Pags 3
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Appandix A Maia-analysis ol 38 swdlez on ETS lung cancar ETS-Lunp Cancer In CPS 1)
18 Smoking hablis of spouss CR I {OR} Yar In {OR)I/Y In(ORA) Witin(ORE
Casa-ganlral sludy Smoker Nonsmoker Tolal
Aulhors: Lam et al, 1987 Casss 115 B4 149 1,646 04997 0.032644 30.6338 15.308276
Source: BUC, 1987 Controle 152 183 aas
Country: Hong Kong Tolal 267 287 534
i1 Smoking habits of spouse CR I (OR} Var in {ORPAV In{OR} WI*hn(OR)I
Case.control siudy Smoker Nansmoker Tolal .

Authars: Lam & Chang Cases 37 23 &0 2.011 0.G988 0.05853 10,1389 7.0826849
Source: Smoking and Healh 1987Centrols &4 B0 144
Country: Hong Kang Total 101 103 204
13 Smaking habiis of spouse CR  In {OR) Varin (OANV In{OR) WI'In{CRAi
Crsa-conlrol study Smoker Nonsmokar Taolal
Authors: Shimizu, 1988 Cases 53 a7 90 1.133 D.1252 0.070773 141257 1.768766
Sourca; Toh J £xp Mad 1988 Conltols 91 72 163
Gountry: Japan Tolat 144 10% 253
13 Smoking habils of spouss CR I {OF) Var in (OR)I/V In{OR) Wi'ln{OR)i
Case-canlrol sludy Smoker Nonsmoker Total
Authors: fnoue 1388 Cases 18 [ 22 2.25 0.8109 0.343758 2.90903 2.3590176
Source: Smoking and Healih,1988Conlols 30 17 'Y
Cell numbaig from Lee, 1992 Total 48 21 69 Cl=(0.%1-7.1)
20 Smoking hetits of spouss R In (OR) Yar In {OR)1/V In(OR) Wi'In{OR)
Cuss-coniral §iudy Smoker Nonsmoksr Total
Authars: Qeng, 1967 Cages J4 20 54 2.156 0.7583 0.123033 8&.12792 6.2446768
Source; Smoking and Heahh 1887Controls 41 52 23
Country: China Tolai 75 72 147
Page 4
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Appﬂﬁdix A

21

Cass-conlrol study
Authors: Katads, 1928
Source: Gan No Rinsho 1988
Counlry: Japan

22

Case-coniral stutdy
Authars: Svenssen, 1985
Source: Acla Oncof 1989
Counlty: Sweden

| 23

Case-conliai siudy
Aulhors: Sobue ef 8l 1990
Source; Gan Mo Rinsho 1590
Country: Japan

24

Cuse-control study

Authars: Janarkch o1 al, 1980
Source: LIE 1901

Gl lram Authors, p. 634
Counlry: LUSA

25

Case-control siudy
Authors: Wu-Willams 14999
Source: BIC1930

Country: Ching

Cases
Controls
Tolal

Cases
Conlrols
Tolal

Cases
Conliols
Talal

Cases

Controls
Cells stlimatad fiom EPA, 1992 Tatal

Casns

Controls

Totat

Mola-analysls of 36 studles an ETS-lung cancer

Smoking hablis ol apouse
Smokar MNonsmokar Tatal

17.5 0.5 \7
14.5 3.5 7
32 4 34

Smoking habils of spouse
Smoker Nonsmoker Tolal

24 1¢ 34
114 &0 174
138 L 208

Smoking hablis of spouse
Smoket Nonsmoker Toial

ag &4 L4
398 Jas B
475 400 875

Smoking hablls of spouss
Smoker Nonsmokar Tolal

147 44 141
153 a8 1914
aoo .H 3az

Smeking habits of spousa

Smokar Nonsmoker Tolal
205 212 "7
ast 214 802
536 483 1018

Pagh &

ETS-Lung Cancer in CPS 11

(R In (OR} Var in (ORMA In[OR) WIMn{OR)
8448 2134 2417820 0.41452 0.8847524
1773
0.4026
R (0A) Var in (OAPA In{OR) Witn{OR)i

1,263 0.2336 0.i67105 5.98425 1.3980101

CR  In{OR) Var In (DR} In(OR) Wi*In(OR)I
1.063 0.0614 0.033633 29.7328 1 8246736
UpglR 12773
LowOR 0.BESI
CR in (OR} Ve ln JORANAY In{OA} WiIn(ORjL
093 -0.073 0.071378 14.0088 -1.016711

(ClwD.55-1.57)

CR i (OR} Var in {OR}IV In{OR) Wi*ln[OR)I

0.792 -0.234 0.016306 61.3263 -44.32435
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Matn-anslysis ol 38 studies on ETS-lung cancer Proposal ETS-Lung Cancer In CPS I
28 Smaking habits of spouse (A 0 (OR) Var In (DR} IN(CA) WIIn(ORY
Casa-conbral study Smokes Nopsmoker Total .
Aulbors: Kabal et al. 1950 Cryoy 48 41 B9 £.026 0.0252 0061825 18.1747 64076721
Sourca: Toxleology Forum 1990 Contrels 129 113 242
Couniry; USA Total 177 154 a3
27 Smoking hablis ¢f spouss R In(OR) Varin {DRNAY In(OR} Witln(OR)
Casa-conlol study Smoker Nonsmoker Total
Authors: Kalandidi ot al. 199 Cases 64 26 90 1.573 0.4528 0.0BI716 11.14865 5.0486929
Souwrce: EPA 1992, Leg 1592 Contrals 72 46 118
Counlry: Greeca Tolal 138 72 208
28 Smoking habits ol spouse (R W (OR} Var In (OR)1/Y In(OR) Witin{OR)
Gase-conlicl study Smoker Monamoker Tolat
Authors: Liu ot al. 1991 Cages 45 g 54 0.739 -0.300 Q177477 5.63454 -1,708982
Souice: IJE 1991 Goatraly 178 26 202
Counlry: China Total 44 35 2566
29 Emoking habita ol spouse (N (OR} Var In {ORNA n{OR) Wi'In(OR)I
Case-conwel study Smokar MNonsmoker  Tolat
Authors: Fontham et al, 193 Casas 294 126 420 1.3656 0.3918 0.01G6B43 59.3732 18.511359
Source: Can Epld Blom Prov 1081 Controls  4H2 288 780
Country: USA Toal 786 414 1200
30 Smoking habits o gpousa (R In(DRy Vartn (ORNAV In{OR) WI'In[OR)
Casa-conlrol study Smoker Nopsmoker Total
Authors: Browasonet ai1932 Cases 218 213 431 0.872 -0.028 0.012715 70.6485 -2.223114
Source: AJPH 1992 Contrals 598 668 1186
Tolal 518 TA1 1597
Page 6
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Aml)mdix A

ED Smaking habilts of spouse

Case-control sludy . Smoker Nonzincker Tolml
Auvthors: Stockwaell, 1902 Casos ? ? 210
Source:NCI, 1982 Connols 7 ? 3ot
Total 7 ? 511
32 Smoking hablis of spouse
Case-conlral study Smokar MNonsmokar Tatal
Authiars: Llu, §993 Cases 25 13 38
Souwce: AJE 1993 Gontrois 37 32 89
Tolal 62 45 107

Summary ssimeias of 32
case-coniiol  gludies

Summary In OR {Pracision-Dased)=
Summary OR (Pracislon-based)«
Summary Var {In OR} [Pracision-based)=
Summazy SD (in OR) {Preclsion-based}=

Summary lLower 95% OR (Precision-basadj=
Summary Upper 85% OR {Pracision-based)=

Mola-analysis of 35 studlas on ETS-lung cancer

Pioposal ETS-Lung Cancer In CPS 1l

R 0 {OR) Var i (ORI IN(OR) WiTin{OR}

1.60 D47 0.104496 9.56374 4.497B140
[95% Cl-0.8.3,0)
Var= -0.015

(R in (OR} Varla (ORPAY In(OR} WIIn{ORY
1.663 0.5087 0.1752  5.70776 2.3037508

e
LL

3.7778
0.7322

Total Tolat Tolal
0.147 5990523 571.669 B4.272461
1158
0.002

0.042

1.068
1.258

88b1zzzogz
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Appandix A

33

Cohort study

Authers: Hirayama, 1881
Source; Lanset 1961

34

Cohort sludy

Aulhars: Garfinkal, 1981
Sourca: JUNCH 1983

a5

Cohont study

Authots: Hota at al,, 1969
Source: BMY 1989

kT
Cohort study
Authors: Butler 1989

Mala-analysis of 36 atudias on EYS.lung cancar

Smoking hablis of spouge
Smoker Nonsmoker Tolal

Cases 142 3z 174 1.5 0.4055
Total 69645 21895 1540 Var (SMA)
0.047

Smoking habtits of spouse
Smoker Nensmokar Total

Caszes 83 65 153
Total 49487 127282 176739 147 G157
Var (SMR)
0.018
Smoking habils ol spousa
Smokar Nonsmoher Total FR
Cases 7 2 9 2.1 0.7419
Total 1538 N7 2455
Smoking habis of spouse R
Smoker Nonsmoker Teolal
Casas 2 & ] 2,061 D693
Nancaset 3128 6071 9193
Total 3130 6077 §207

Source: Dissariation UCLA, 13988

Summary eslimales ol
lour cohort studias

Quarell In{RR}w 0,326285 Overall AR- 1.3858

Sum of walghts= 239 varall Varianca- 0.6D42
Overall 50= 0.0647

Suinmary Lowsr 95% RA {Procislon-based)~ 1.221
Summary Upper 95% RR ({Precislon based)- 1.573

Page 8

VR In(SMR}walghis

142

SMR In(SMR)welghis

23

IN{RR) walights

7

In{RA) weights

2

Total
228

Propogal =T5-Lung Cancar in CPS 11

W' In{RR)I

§7.576 0.0082923

wiin{RRA)

13.0163 0.0247483

WI'ln{RA)!
519356 0.6428571

Witln{AR)i .
1.39627 0.66568887

Tola
1.3745643

6871222082

e
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Appandx A Mata-analysis of 36 studles on ETS.lung cancar

Summary over 36 studiss
Ovargll In { RR} of 36 sludlega
Overall { RA} of 36 Etudlas=
Summary Var (0 RR) (Precision-based)=
Summazy S0 {lv RR) (Precision-based)=

Summary Lower 95% RA (Precision-based)=
Summary Upper $5% RA [Precision-based)-~

0200149
1.221585
Ga0t234
0.035122

1.140321
1.30864

Pioposal ETS-Lung Cancar in CPS it

06vizzZosz



Appendix B

Abbreviagons
ACS

NRC

SEER
SES
53

US DHHS
WHO

American Cancer Society
Coronary heart disciss

Confidencs [nterval

Cancer Prevention Study |

Cancer Prevention Study H

Eavircamental Protection Agency

Environmental wbacco smoke

Intervational Agency for Research on Cancer
Intemational Classification of Diseass, $th revision (1975)
Marbidity and Morality Weekly Review

Mainstream (tobacco) smoke

National Center for Health Staristics

Natiopal Cancer Institute

National Health and Nuerition Examiraticn Survey
Mational Rescarch Council

Rate ratio, otherwise relative risk

Surveillance, Epidemiclogy and End Results program
Saciocconomic stamus

Sidestream iobacco smoke

Third National Cancer Stirvey

United States Department of Hurnan and Health Services
World Health Organtzation
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AMERICAN CANCER SCCIETY g
CANCER FREVENTION STUBY I

QUESTIONNAIRE FOMR MEN -

_ | Researches No. [ Family No, Parson No.

Division No. Unit Na. Greup Na.

1. Nama:
2. Dats of birth: Month ‘fear
3. How old are you now?

Data:

7. 3 White 3 Blagk [] Hispanic

0 cm'anw 0 Olhef e sPECIY}
8. Marilal status:

[ Singte {1 Separated 1 Widowed

4. Currant weight with indoor clothing: [ Married Divoroed
5. Weight 1 ynar aga: lbs. g, Emr ma.medmagc at first marriage;
8. Height{withoursnoes): . in. 10, Number of limea marmad:
‘ 11, Seciat Security No.: (opticnaly
FAMILY HISTORY (IN RELATION TO CANCER):
1. Filt in tha following table as compleisly as possitée for parants, brothers and sisters.
LIST ONE BLOOD iF_ | IF DEAD, D THIS
RELATIVE PER LINE: ALIVE. [ GIVE AGE PEFlSON EVER IF “YES,~ AT
{Circle Brother IS THIS PERSON? | GIVE AT HAVE CANCER? SPECIFY WHAT
or Sister) [Circia Cray AGE | OEATH (Circle One) TYPE OF CAMCER | AGEY
Father Alnvg  Dead Yoz No
Mothes Aliva Dead Yar Na
Brother_or Sister Afve Dasd Yeax Mo
Brothe: of Sister Alive  Deag Yrs MO
Brother_or Sisier Alive  Daag ‘ies  No
Bromer or_Sister Aive  Deas Yes Mo
Brother or Sister Alfve  Dead You Mo
Brother or Sister Aive Dead Yos Mo
2. When you wers boen, a} How okd was your mothar? b) How old was your fathar?
HISTORY OF DISEASES:
1. Have you aver had cancer? [ Yes T No. i “yes.” 3. Hawe you ewer had an operation? (] Yes [J No
a) What type? i “ves.” specily typa and data(s) of operation{s):

b} Daie of first treatmant:

2. Place & chock-mark by tha following di 83 Of
condilions for which you have ever Dean

diagnosed by a doctor:

] High Blaod Pressure ] Emphyzama

(1 Heart Disaase ] Hay Fever

1 Stroks O Asthma

[ Diabetas (O] Stomach Ulcer

[] Gaul Stones ) Dundenal Ulcar

[ Chroric Indigestion ] Diverticukosis

L] Kigney Dissase O Recial Potyps
Kidney Stones Colon

(O Bladder Disease Thyroid Concdition
Chrhesis of the Liver Arthritis
Tubarculosis Prostata Trouble

£] Chronic Bronchitis 1 Hepatitis

4. How many X-ray or fluorescopic sxaminations
(G serigs, barum enema. aiz j have you rnf
had oi:

e ﬁmam.a@e@

5. Have you avet been trested with udaum. x-rays.
of racicactive isgtopes?
H “vas,” when?
For what dl ?

What part of your body?

3 Any other sarious disaasa (specify}

& Howr many times have you had colds or fu in the
past twalve menths ?

€6P1222052




DIET:

1. On the average, how many days per week do you
eal ihe following foods? ([ less than onca a2 week,

bun at least twice a month, wrra 1/2,)

8. How many cups, glasses. or drinks of these hever-
ages ¢o you usually drink aday.Aanu for how many
years? {if you na longer dnink a fisted baverage. or
your pariern has changed i the [ast ten years, ingi-
cate pravious and current amounts. lEless than once

Beet r Raw vegstanies a day, but af least thiee times a week, wrrie 172,
Park Larrots a2y K, 2.}
Chicen ~SquastvCom___ —
H rCirus frutsnluices . {Aeverages o e a5
Fish. spﬁ%ﬁf‘:&‘aw""" Whaie mik (not skam milk]
Smoked meats White bread/Rolls/ Catieinated cotfee
Franiturtars/ Biscurts Decaffeinaled coffea
Sausaga Hrown ficehoia :
Butter wheat/Barley Tea
Margarine BrasvGom mutfing Ciat soda or diet iced led
gheese Potatoas Non-giet colas
ggs Qatmeal/Shreaded -
Green leaty whaatBran Cther non-diat 5ot drinkd
vegaables, cerealy Beer
Tomatoss Cold(Cry} careais Wing
Cabbage/Broccoll/ lca cream PrsE——
Brussels sprouts . Chocolate i

How many days a week do you sat the following

tried foods? MEDICATIONS AND VITAMINS:
Fried eggs Fred hamburgers 1. How many times in the last month have you usad
Fried bacon of baef : Fl
;ﬂed d}iqkenni@ o fried 1 ?ﬁefntmmngﬂimﬁgmm useglhem.
ranchfries . none, ' vecasionally,
DO NOT EAT FRIED FOODS [J write 1/2.) ]
3. Do you eat 3 vegetarian diet? 3 Yes (J Ne Medications and Vitaming Tures | wans
if “yex,” what type and {or how many years? Aspinin, Butterin, Anacin
Tylanal
| _ - in &
4, Has thers besn a majol change it your diel in the Vitamin
last 10 ymars? I OYes Oho Yitamin G
i “yas.” what was the change? Vitamin E
Multi-vitamins

5. a) D0 you now of have you ever added artificial

swealenars (sacchacin oc cyclamates) o cotfea,
tea, or other drinks of feod?

3 Yes, currently [ Formerty

I Never

b} it ever used artificial swaatdhars, indicate

Amourd oar day and for how long.
Packels: No. perday. Years
Drops: Mo, per day. Years.
Tablats: MNo. par day Yoars

4. Do you get your drinking water froen: 1§ City supply

[0 Frivate weli [] Other (specity).

water?

7. Do you add any substances 1o sotten your drinking

£] Yes [JNo

Blood Preasur pills
Diuretics {(water pills)
Thyrold madications
Hearnt medicasions
Anti-Acid medicaions
Vafium

Librium

Prescription sleeping pils
Tagame! {for uicers)
Cither:

c6171.22205¢
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CURRENT PHYSICAL CONDITION:

1. How much axercisa do you get (work or play)?
[ None [ Stight [ Mocerate 71 Heawy

5. It you have quit smoking cigareties. ngars or
pipes, fill it the informabon below:

£+ Senomens Capreu Tagars - By

2 S:cg] :i;n\rf;aga. how mafty hours 5a you sieed Average numeer !
3. On the average, how many tmes a month do smoaked par dgy
you Bave insamnia? [ Nane Age Degan smoking | |
£. Within tha tast month, have you noticed; #oe quit i i
a} Paintul ar frequent urination? ] Yes [ Mo TioN:
b} An unusual discharge from your penis? INHALA ON;
O Yes O No Did not inhale
5. Da you natice pains in yaur legs when you walk Inhaied slighty
which go away when you es? O Yes OO Ne
it “yes.* how many years have you had thess Inhated moderazely
pains? Inhated deeply
6. Are you sick at the presant ime? (3 Yes [] No Tolal years smaked
i "yes,” with what diseass or conditon? — Yoars kod
flitered cigarenes
Y non-fhiaret
nan-flitere
HABITS: cigaretios

1. Whether or not you smoke, o the average, how

many hours s day are you £xposed 10 Ggareta
smokoe of gthers;
At home. At work in other araas

2. Da yau naw ar have evar smaked sgazettes,

CIQATS QF pipes, a1 least one a day 1o one years
tima? OvYes O Ne
I nevar smaoked, akip 10 question 8.

2. I you currantly smake cigamties, cigars o pipes.

1 in the indormation below:

B. Last trand of cigaretis smoked:
a) Size: ) Regular [} King [) 100 mm
O120mm
%) (] Non-fitter O] Fiiter T Meathal
©} Years smaked this vand.

7. Cutrert and ex-cijarette sznokers, fili in tha
foitowing information lor
1] The frat brand smoked regulary! and

4. Currant brand of agarette:

a) Size: 7 Regular 71 King [ 100 mm (] 120 mm
b) [ Nen-Aiter ] Fiter [ Menthot
€) Years smoked this brand:

s o ity v 2) The brand of cigareite smoked for the iongest
LS o ) period of tirme.
Average numper e
smoked per gay | Marshal | sumber
‘Age Degan simaking Brarsy Nama | Size [Wa[No [ Yes | o | Por Day | vaarsy
INHALATION: L
Da not inhale 2
Inhale stightty B. Have you awer chewed tobacco at least once a
Inhale moderately week for 2 least one year? ] Yes [J Ne
inhale deegly II']'::.‘ xg o gasbon 3‘“ -
- 2] Aga began chew: X
Ttal years of smaking B} How many times :qwlek?
‘Years smoked ¢} Forhow many years? oo
filtared cigareties ) Do you still chaw tobacco? 1 Yes ]} Na
‘Years smoked
2, Have you avar used saulf atfeast enoe a week lor
non-fitared 2 least o year? 7] Yes [ No
cigaraties 1t *no,” skip to Diet”

4) Aga bagan using snuff:

&) How many limes 3 weak?
c)Forhowmany years? _______ ..
o) Do you still uss snuff? ) Yes [ No
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CCCUPATIONS:

1. What is your currsnt 0ccupation and wial are your
duties?

_ e How many years:
Z. M retived. whal was your [2st occupation?

dicme]

Year
3. What gther job have you held for the longest period
of tima 7.

— Mowmany years: .
4. What time of day do you start working?
20 you work rotating shifts? ] Yes [JMNo
5. How marty hours a week do you wors on:
paid jota ValNLEer Work
housewark
8. In your work of daily life, ane (wers) you reguiarty
#%posed o any of the following? H “ves.” indicate

MISCELLANEQUS:
1, Where wears you born? - —
2. Where wem your parants bem?

Father,
Mother:

3. Religion: [] Protestant [ Cathalle {1 Jewish
s O Ohar [ Mana
if Protestant, what denemination?

4. Education:

[ 8th Grade or Lass ] Sama Cadege
[J Same High Schoai (] Coilege Graduats

] High School Graduate [ Geaduale School
1 vocational/Traae School
5. How many years have you fved in your presant
neighborhcod?
€. How many friends of relatives oo you leel closs
107

7. How many timas a month do you:
a) Go to chureh or tempie?
b) Attend club meesungs?

ihe number of years axposad. c} Participats in group activites?
ICheck Onef Mumpber o 4. Were you in the UL.S. Armed Servicas?

Exposurs to: Yes|Na i e It “yas,” 0 Yes [T No

Astesios a} What branch of the sarvice wens youin?
Chemicals/Acids/Sotvents &) What wene your cates of sarvica?
Caal or Store Dusts :n
Coaal Tar/PitchAsphalt o

Whera di 2

Diesel Engine Exhaus =l Whera did you garve
Dyes 8. What is tha most upsetiing sven! that happanad
Formaldeftyds 10 you in abort the Jast five years?
Gasolins Exhasst J Meae
Pasticidas/Harbicidas 10. Do you now of have you ever usad mouthwash?
Yaxtils Fibars/Dusts i yes.” [OYes [JNo
Wood Bust a; m: brand? v

. Radioaciive n b MRNY Tmes 3 week is it used?
Xrrays Materialy c) For how mary years have you used it?

REMARKS:
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CANCER PREVENTION STUDY Il

AMERICAN CANCER SOCIETY & w Civision o, Unit No. Group No.

QUESTIONNAIAE FOR WOMEN .| Researcher No. ) Family Ho. Parson Na.
Date:

t. Nama: 7.Jwnite [JBlack [JHispanic )
2. Dara of birth: Monih Year Ol orental  [J Other ———___{specify)
3. How old are you now? 8. Marital status:
4. Ctrrent weght with indoor clothing: b, E;;’;:q 8 SQp:a.ra.: ;ed, {0 widowed
5. Weignt 1 YBar 2Q0. "F" 9. i ever married, age at irst marriaga:
B, Hewght (withoutshoes): . . R . . _ . 10, Number of limes masmied:

11. Social Security No..— . [ognonal)

FAMILY HISTORY (iN RELATION TO CANCER):
1. Fill in the iollowing lable as compietely as possibis for parents, brothers and sisters.

LIST ONE BLSOD *® IF DEAD, DID THIS
RELATIVE PEA LINE; ALIVE, | GIVE AGE| PERSON EYER IF YES," AT

{Circle Brother 1S THIS FERSON? | GIVE AT HAVE CANCER? SPECIFY WHAT

or Sister) {Circis Ons) AGE DEATH (Ciecle Ona} TYPE OF CANCER | AGE?
Father Allvg  Deag Yes No
Mothet Mire Dead Yas Mo
Broxher or Sister Afive _Cead Yos_No
Broihar or Sister Alve  Dead Yos Na
Brother o Sister Allve  Daad Yes MNa
Srothar or Sister Alr  Deag Yes_Nog
Brother of Sister Alive Dead Yas Mo
Brownar of Sister Afive  Dead Yes  No

2. When you wete borm, 2) How oid was your mother? o) How old was your lather?

HISTORY OF DISEASES:

1. Have you ever had cancer? (] Yes [J No. If “pes,” 3. Have you aver had an operaton? [] Yes [ No
2} What rypa? I “yes,” spactty typa and daleds) of operaton(s):
b} Date of first treatment

2 Place a check-mark Dy the following diseases or
conditions lor which you have sver basn
diagnosad by a doctor:

] High Biood Pressure Hay Fever 4. How many x-ray of uomscop: examinatlans
Heart Disaase Asthrma (=] saries. barkum eneina, eic.) have you wcr
Stroks ] Stomach Uleor had af: 8ar
Qiabetes ] Duocenal Ulear g 15 ggg

[) Gadl Stones ] Diverticulosis Stomach 8
%m Dlndlgaﬁon 8 Egcm Polyps mm 5

ditey Dissass an Polyps

[ Kidney Stones 1 Thyraed Conditian Hmwumrbemmdmmradium. XY,

(] Bladder Diseasa Arthritis or racioactive isclopes? [ Yes O Mo

L} Cirrnosis of the Liver Breast Cysts I “yas,” when?

L1 Tuberculosis O Gynaeological For whal ( ?

[J] Chwonic Bronchitis Problems

[ Emphysema [ Hepatitis What past of your body?

3 Any piher senous di {spactty)

§. How many limes have you had ootds or #iu in the
past tweive months?
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CURRENT PHYSICAL CONDITION:

1.

2
3.
4

Haw much axarcisa do you gat [work of play}7?

9. Birth controt methods: indicate your age when
tirst used and numbar of years of use.

1 Yas O] No
W yas," with what diseass or conditien? —

MENSTRUAL AND REFRODUCTIVE
HISTORY

1.

l-tawddmwumnmnmaﬂanbugan?_._

2 What is your curment mencpausal status?

3.

Sl mgularly masnstruating

In menopausa [} Past manopause
Durring your mensirual histery:
a} Ara (were) your periods: [ Regquiar [J imeguiar
b) What is {was) the usuval number of days of

. # past mancpause:

a) Was your menopause: [[] Naural (7] Artificial
) Age whan periods stopsed completaty?
¢} Dt you have excessive bieeding during

mancpaisa? [ Yes [0 No
Hawe you ever had of tried 1o have children?

. ] Yes [ No
i “ne,” skip 10 question 9,
Have you ever had difficulty becoming pregnant?
a

1 Nane {7 Slight {1 Maderale [ Heavy Meod Used | Age | veary
. On the average. how many hours 4o you sleep Ahythm
aach mght? .
On tha average. fow many times a manth ¢0 Nu Diaparagm
have insamoia? Creamvioamielly
. Withsny tha last twelve months, havcyo.xmucecl iaath
a) A lump or thickening in your brezsi? Hugat qu.ahun
£] Yet O No Intrautenine Device (1UD)
b} An utwsual dischiarge rom your breast? Condom (pastrief}
£ Yes [J Mo Vasectomy (partner)
Oa you notice pains in your legs when you walk,
which go when you rest? 3 Yes T No NONE OF THE ABOVE [}
i “yas.” how many yaars have you had these 10, Have you ever taxen oral eonlraaepm (Dirth
pains? comm! pits)? Yax ] No
. Are you sick at the present ime? i no,’” skip io question 1.

a) Age when you first took them?.
b) Haw many yedrs did you take tham?,
c} Whiat Drand{s) do (did) you take?

dj Ifyoustoppedmunglhem.mumme

)D:dpuhmwmguhmrpmnﬂ:lponoﬁsvd&eﬂ
you stopped? [ Yes O No

LM w-rmdfama!e )
Mwﬂmoraim \;Wm
M'\zdc(drd)youlaka‘ Hvst
symp ereciomy
) Age first xookw.rogm"_______
¢} For how many years did you lake tham?
d}l—bwd-dyou thern 7 3 iowection [ Gream
3 Pil (brand
HABITS:

1. Whethes or net you smoks, on the average, how
many hours a day are you exposad (o cigaretis
smoka of others:

Athome_____, Atworke ., Inother arsas__ .
2. Do you now or have you ever smokad Gigane
lsast one a day for ona years ime7? ] Yes [ Na

tes. at

Yes ] No
it - the measan? Currem Ex-
oS, what was {Smoking History Smokers | Smokers
" m . PO——— -jNumber smoked a day
oW Mmany imes nave you 1] . R =
&) Your age at your first pregnancy? Age began smf‘*mg
b Your age at your firsst ve bifh? e Age qud smaking
&) Number of chiidran bomn affve?. Maost mcent (Jast) brand
d) Number of stiibirths
{caming 5 he br 3 Years smoked this brand
o) Number of miscamages Total years smoked
{carmied i6ss than 5 monts)? tiared cigareites
. Were you ever givan DES (Dnemyisblbes:mﬂ io Total years smoked
ﬁtmnt miscarriaga? [Q¥es [(ONo nod-fiteded cigaraties
Yoo, . Total years of smoking
&) At what aga did you take it%, non-fitared
b) For how many manths did you takae 17, (Ao + it )
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2. Current and ex-smckars:
) Do (did] you inhale? (J No, never
£ Slightty {5 Moderatety [ Deeply
b} Fill in the ioliowing intormation for
1} The first brand smoxed mgulady: and
2)Tha brand of cigareite smoked for tha iongest
period of ime.

ik | Merhal | Noambar
Beand Name | size[ s na [T fio | Per Doy | vears)

1.

8. Do you get your drinking water from: (3 City supply
[0 Private wedl [ Other (specify)

7. Do you add any subistances to sofien yout drinking
waler? O Yes [ No

4. How many cups, glasses, of drinks of thess Dever-
ages 4o you usually dnnk a day, and for how many
years? {if you no longer drink a Ustad beveraga, or
your pattem has changed in the tast ten years. indis
cale previous and curnent amourts. # less han onca
A cay, but af lsast tiree times & weelk, wrile 1/2)

2.
Cunvery

DIET: Bmmgfs — A [ Yeart | Amours [ Yeers
1. On the averags, how many days per waek da you Ahale mifk {rot skim mik)

2t tha Wllowing loods? (I less than once a week, Cafteinated coffes

bt 2t least twice a month, wiite 1/2.) Deacaffainated coffea

Baaf Raw vegetables Tea

gh"':*' g’é:"? Com Diet socta or died iced tea

lvee_ Citrus huils/duices —— MNon-diet cotas

Ham SpagheuiMacaron Cther non-disl saft drinkg

Fish Whits rice Boor

Smoked meats White bread/Roils/

Frankhurters/ Biscuits Wira

Sassage______  Brown nce/hoie Hard liguor

Butter, wheaiBarley.

Margarira myffing

Ehnase e Shredied MEDICATIONS AND VITAMINS:

Graen lnaty whasl/Bran 1. How many times in the fasi momth have you used

vagetables —— cereats ... —_—
Tomatoes Colct (Dry) careals

tha tofiawing ard how lung have you used tham?
(i none, writa 0; i used only cocasionally, wrils UVZ)

Cabbage/Brocooll log cream

SBrussels sprouts . Chocotas_

2. How many days a week oo you eat the iollowing
tried foods?

Fried »ggs Fried hamburgers
Fried bazon of beat
Fried chickervfigh_—.. Qther fried loods e
Frepchifries
DO NOT EAT FRIED FOQDS ]

3. Doy aak A vegatarian diat? ] Yes O Mo
If "yes,” what typa and for how many years? —

4, Has \hare been a major changs in your diet in the

1231 10 years? Oves ONa Thyroid medicalions
Hyes ‘whatwas thechange? ______ Heart medications
5. a) Do you now or have you ever added artificial Anm,ladnmdm
sweclaners (saccharin of cyclamates) o colfes, Valium
El. of other d:inkélor foag? Librium
Yos, curmently Formeny Never - -
b) It ever used artificial swao:?nafs. indicate :‘msm steeping edia
amaount per dzy and 1o how long. agamat (for ulcars)
Pachnts: NO. per Uay. Years Other:
Drops:  No. per day. Years
Tablets: Mo, par day, Years. >

Madications and Vitaming Tiund | Yaars
Aspinn, Butfern, Anacin
Trlenol

vitanin A

Vitarmin C

Vitamin E
Muni-vitamins

Biood Pressure pills
Diurelicy (water pills}
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QCCUPATIONS:

1. What 1§ your current ocoupation and what are your

duties?,

— e _HOW many years:
2. i relired, what was your last ocoupation?

Year mUrad:

3. What other joly have you held for the longest panod

ot tima?.

e LHow Many years:
&4, \What tima of cay do you start workang?

Do you work rotating shifis? 3 Yes [iNe

S, How many hours a weak de you work on:
paid jobs vahunledar work
housework

8. In your work or daily Iife_are (wers} you reguiarly

expased (0 any of the following? if “yea,” indicate

the numbar of years exposed.

MISCELLANEQUS:
¥
1. Whera were you bom? s
2. Where wera your parents born?
Fajhae:
Mother:
3. Religion: [ Protestant {3 Cathalic [ Jewtsh
s G omed ——————— [JMone
If Protestant, what deromination?
4. Education:
Bth Grace or Less Soma College
Some High Scheot Coilege Graduate

High School Graduate [[] Graduate School
Vocational/Trade Sehool
5. How many yaars hive you lived in your present
neighbarheod?
6. How many friends or relatives do you leei close
07
7. How marty {oes & month do you!
2) Go to church or termple?
by Attend club ngs?

) Participate in group activites?
Chack Ore| Number oif 8. Whiat i3 the most visetiing svent that happened
Exposum to! Yes| Mo [ Years 0 you in about tha fast five years?
Asbestos [ Nome
Chemicalsshcids/Sotvents e th: mhagn‘gqpeop’(mﬁddﬂ you ‘;k;fan otin your
el 7 udayourself
CoalorS!f._mo Dusis 10, Do you now or have you sver used a permanerit
Coal TarPilchvAsphalt hair dye? Tyes [(INe
Disssl Engine Exhaust L] 3
Dyes a) What brand?
b What coloe?
Formnaldaiyde 6} How often apgiied?
Casciine Exhaysgt d} How many years have you used it?
PesticiamsHarbicdes 11, Do you now of have you ever used mauthwash?
JYes [JNo
Texyita Fibsrs/Dusts if “yes,"
Dt ot 1-!c>wt t;:-nes woml is it usad?
- - n b} many 1 3 ?
¥-rays/Radioactive Materals ¢) For how years you o
REMARKS:
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AMERICAN CANCER SOCIETY M
CAMCER PREVENTION STUDY I

INSTRUCCIONES PARA LOS ENTREVISTADORES - -, -

INSTRUCCIONES GENERALES:

Inseriba a alrededor de diez familias: Por famifias se anfiende hogares donde hay més de una parsona
viviendo juntos como una famifla. Cada familia deba tener par [0 mencs una persona gue tenga
mds ds 45 afos. Por favor haga un esfuerzo por encontrar familiag con personas entre fas edades de
50 a B0 aras. Inseriba solamenta agquellas amilias las cuales usted esta bastants sequm quevana
permanecer an e mismo vecindario durante los proximos seis artes. S usted puede inscribir mis de
diez familias, por favor hagalo.

Para ayudar a expiicar el propdsito y ¢l plan da este estudio deje i panfleto “Cancer Praenuon

Study [—Hgja informativa® con cada famfa que usted inscrba.

En cada una de las familias que usted inscriba, pda que cada miembro qize sea mayorde 30 afios
flene o contesta af cuesticnario, los coloque an un *Sobrs Confidencial,” lo cleme v se lodevuehva a
usted. Debido a lo extenss de este estudio es necesario identificar cada cuestionario con una saria da
numeros. £5to se explica en ef pArraly ndmero 3, abajo indicado. Por favor siga las instrucciones
cuidadosamente.

Después de racogerlos cuestionarics, flene el follato de cuatro paginas “Lista de Familias y Personas
inscritas.” Incluya en éste el nombre y i direcgion de una persona que CONCZCA a la mayonia de las
familias inscritas y que pueda reempiazaric durania ios prdximos seis afios, si fuera necesano.
Cuando ésto esié temminado meta los "Sobres Confidenciales”™ (con los ctiestionarics completas) en el
foflelo *Lista de Farnfias y Personas inseritas,” asegtinelo con una goma eléstica y coléquelo an ef
sobm granda. Entregua todo &l matenal tanminada s63:0 las instruceinonas qua s ke han dada.

INSTRUCCIONES DETALLADAS:

1. Revisa of paqueta para asegurarse de que contiene lo siguiente:
a) suﬁc:anieswesﬁonamsmmm(mmenmhrazm)
b} suficientes cuesticnarios para muferes (impreso en color blancol;
c} suficientes “Sobres Confidenciales;
d) un fallets de cuatro pagings “Lista de Famillas y Personas Inscritas;” y
&) sidicientes "Hojas Informatvas”

2. Enla ditima pagina de esta folleio de instructiones, enumere las famitias (hogares) en las que usted
sabe hay por ko menos una persona mayor de 45 afos. El tdrmino “hogar” incluye a las personas
Que viven juntas comge una familia y lambién incluye a personas sclteras qua viven solas.

Visile a cada famifa en su lista e inscriba solamente aquellas que usted piensa estarin en el Arsa
durants log proximes seis a%es. Pida que cada miembro mayor de treinta afios llane e
Guastionario. No exciuya a una familia si uno @ dos miembros se niegan a llenar o no lenan el
cuestionano después que ofros miembros de la famia io hayan llenado.

3. Fara facilitar la idemtificacion a usted se i ha asignado un Nomero da Divisicn, un Ndmero ce
Unidad, un NGmer de Grupo y un Nomerm de Entrevisiadon Copia odos esos nimenos en todos
los cuestionarios y sobres confidenciales que use. Ademis, asegtirese de escribir iodos estos
nomeros de identificacidn, su nombre y dineccion, yof nornbre y directién da un subsihito que
oomzualamayonade(as!ammasqueusiedhamcmo en la pars de arriba del folato "Lista ce
Familias y Personas Inscritas ,
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Asigneta unt Numero de Familia, a cads tamilia que inscriba, siende 1a primera Familia Na. 1, 1a
segunda Farmilia No. 2, elc. Adernds asignele un Mdmaro de Persana, A ¢adA perscna que insenba
en cada familia. siends un miembro de k famiiia Perscna Mo. 1, otro sienda Persona Ne. 2, ste.

Por ejemplo, la primera familia (Famikia No. 1) puede componerse del Serior y Seriora Lipez, su
hijo da 35 affas Jorge Ldpez, 1a suegra ded Senar Lépaz, 1a Serfora Riveray un amiga, el Safior
Ricardo Marinez. Enlonces. para la Famifia Mo. 1, ef Sencr Lopaz es Parsaona No. 1, La Sefora
Lépez es Persona No. 2, Jorge Lipez s Persona No. 3, La Sericra Rivera es Persona No. 4, y el
Serior Martinez es Persona No. 5. Después, el Seriar y Seftora Brown pueden ser la Familia No. 2;
sienda el Sefior Brown Persona N, 1 y & Sefigra Brown Persona Na. 2 enia familia.

4, Guando una persona acepte llenar el cuestionario, escriba el nombre de é o ella y lodes los
nimeras de identificaciin (inchuyendo el Numero de Familia v ef NOmaro de Persona) en 12 parte dg
arriba del cuestionaric. También escriba el nombre de él o ella y la direccldn y todos los nimerss
de identificacion en al *Sobm Canfidencial”

Enirdquels e cuestionaria y el “Sobme Confidencial” af paricipante. Bl cuestionaria est4 diserada
para ser llenado por ta persona v las comtestaciones son confldenciales Pida qus & participante
liene ef cuastionarnio ¥ luego lo meta en un sobre v 1o sella. Listed es msponsabie de recoger os
scbres selladas. Usted puede esperar mientras ef participanta comptete el cugstionanc o, si usted
lo prefiere, puade dejar el cuestionaric y regresar mas tarde a recogario.

5. Trate de inscribir a fodas sus famifias y de recoger los cuestionanos completados en un perodo de
dos semanas.

6. Después de qua usted haya recogido los cuestionarios de lodas 1as personas que usted ha inscrito,
ya !erfg\ﬂina.dos. fiena (a "Usta de Familias y Personas Insckas,” sequn fas instrucciones dadas an
este folleto arul.

7. Después de que haya complatado todo, meta “Los Sobres Confidenciales” junto con ef folfeta “Lista
da Famillas y Personas Inscritas,” asequm todo con una goma edastica y péngalo an &l sobre
grande y devuélvalos segun ias instnocciones recibidas.

OBJECTIVO Y PLAN DEL ESTUDIO:

El primer Estudic Sobre la Prevencisda de la Sociadad Americana Contra el Cancer se ifevd a caba
durants un perinda de 13 afics, desda 1959-1972, ¥ nos ayudd a klentificar un nimero de faciores
relacionados con al desamoiio del cancer. Os heeho, muchs 68 fo que conceamos hay sobe ias
causas def cAncer ha surgido de éstos estudas emdem;olégxm £l Estudio NGinero 1 dela
Prevencidn del Cancer, por ejemplo, establecikd que ¢l fumar agarrilies es una de las principales
cansas del cncer del pulmén e impiicd at Lo det tabaco  enel desarrolio de oros tipos de cancer y
en l23 enfermedades del corazdn y vias respiratoras, Quos estudios epidemickgicas han vinculado al
chncer de [a piel a demasiada exposicidn a ke Rayos-X, arsénica o clertos tipos da breas y acefles, éf
cAncer de Ia vejiga, a trabajadores expuesios 2 dertos productos quimicos y o cancer del pulmén afa
exposicion durants largo tiempo a las fras da asbesios. E5tos 50N algunos de los faciores

ambientales que pueden causar cancer. Es solamente a través de la observacion de un amplio
némero de personas durante un fargo periods de iernpo, como planeamos hacer en el Estudio
Nuimero il Para 1a Prevencion dat Cancer, ques podemos descubrir muchos otros factores y determinar
cudles son parudiciales para la salud y cusles na.

En ol Estudio il Para la Prevencitn del Cinces, vamos a enfocar nuestra atencién hacia kos cambios
que han ocurfido desde nuestro primer estudio en nuestra estlo de vida, los productos que usamas y
el el ambiente de nuestro hogar y lugar de empleo. Recientements, ha habide un gran irilerés en
detenminar f efecto de la sacarina, tintes paa el cabello, contraceptivos oriles, ranquilizantes y otras
drogas y medicamentos. El efecto de la exposicicn durante targo tempo a kos Rayos-X, la
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contaminacién del ain y del agua. y los carcindgenos en ios lugares de emples también necesitan ser
cuestionados. El publica v lacomunidad cientifica desea encontrar [a razén pard ef aumanto en los
cases de cancer en la poblacan neqgra y sefalar kos especiales riesgos de CAncer N8 oiras minorias.

El plan de! nueve Eswudio Scbra fa Pravencidn del Cancer de la Sociedad Amedcana Cantra @l Cancer
s insenbir a mas de 1,000,000 de personas y darfes sequimiento curante seis aios, o tal vez mas
tfempa. Carno entrevistador voluntario, usted serd de gran ayuda en recopilar informacion investigativa
vital. Manteniédose ent Conlacto con ias parsonas que ha inscrio @ informando sobre gllos cada dos
anas, habra suministado a nuestros estadisticos de salud con miormacién sobm come los estiias de

vida afectan ia salud y qué faciores aumentan o disminuyen las cporunidades de adquirir cancer y
ciras anfermedades,

Esta lipo de estudio aumentard nuestro conocimiento scbre ef cincer y nes permitira identificar
aquellos faciores que causan cancar y qua pueden ser controlados, asl coma aqueltas que no

parecen sumentar ef nesgo de desarroiiar cancer. El abjelivo final, por supuesto, es prevenir el cancer
¥ salvar miles de vidas.

ALGUNAS PREGUNTAS QUE LE PCDRAN HACER LAS PERSONAS
QUE USTED INSCRIBA:

P. ;Porqud Al escngido para aste estudin?

R. Necesitamas inscribir una amplia muestra de diferente publcs: personas de diferentes edades,
dreas geograficas, razas, mligiones, habitos, eposicones y estilos de vida. De esta forma.
enconiraremas cudles grupcs tienen riesges Mas aitos de contraer cancer y cudles los mas bajos.

P, ¢ Ests interesado mayormenta an personas con cances?

R, No. estamas interesados en todas [ag personas, aquellas que estan en buena safud, asf coma
aquellas que tienen o han fenido cancern

P. Mi hijo de 25 afios vive conmigo. ( Por qué usted no desea qua & conteste of cuestionana?

R. Estamnos excluyends a perscnas menores dé 30 afos porqua alies no han sikdo expsesios alos
factonas baja estudio par fan larga tempe comao ko han estada las personas mayores. Adermds, la
frecuencia del cdncer generaimente aumenta con la edad y no habrfa suficiente informacién para

_estudiar si inscribimas personas menores da 30 afios.

P. Mosotms sabamos va que e lumar ciganfios causa cances ¢ Por qué necesitamas oo estudiq?

R. Los cigamiios fumados ahora pof més de cincuenia mifiones de personas son considerablemente
diferentas da los fumados en (8 época de nuestro pamar estudio. Necesitamos detenminar si
cigarriflos bajos en brea y nicotina han afectado substanciaimente los riesgos de salud. Tamblén
estamaos investigando los electos del fumar cigayrillos en el ambiente de lugares de empleo yios

posibles efectas de salud del fumador de "sagunda-manc,” &sto es, el huma inhalado por parsonas
qua nA fuman,

P Porqué me pregunid por mi nimers dé Sequro Social? 5 No es aso ilegal?

R. Darnas su nGmearm da Saequm Social e extrictamente volurtanio. Al hacario, nas ahorrard usted
muche tiempo, esfuerzo y dinem al verificar nuestros archivos mas tarde (especialmente para
personag con los mismos nombmes), Casualmente, ng es degal pedir su mimen, es llegal
exigirseio.

P. :Se mantendrd confidendial la informacion en ef cuestionaria?

R. Si. Serd tilizada solamente para 'os propositos de 1 investigaciin. Nunca daremes informacidn
schre ninguna persona en particutar y no daremes direcciones a ninguna agendcia por ningtin
propésito, cualquiera que éste sea.
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