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Introduction

The Health Consequences of Involuntary Exposure to Tobacco Smoke

Active cigarette smoking causes cancer in mul-
tiple organs (U.S. Department of Health and Human
Services [USDHHS] 2004). Secondhand tobacco
smoke contains the same carcinogens that are inhaled
by smokers and consequently, there been a concern
for a long time that involuntary smoking also causes
cancer. Secondhand smoke was first determined to
be causally associated with lung cancer (USDHHS

Lung Cancer

1986), and research on secondhand smoke exposure
and cancer risk has been extended to other sites for
which there are multiple studies, including the breast,
nasal sinuses, and the cervix. This chapter returns to
the topic of lung cancer and updates the 1986 evalu-
ation; reviews of the evidence on secondhand smoke
exposure and risk for cancer of other sites are also
included.

The first Surgeon General’s report in 1964 iden-
tified active smoking as a cause of lung cancer (U.S.
Department of Health, Education, and Welfare 1964).
Researchers have identified more than 50 carcino-
genic compounds and many other toxic substances in
tobacco smoke (USDHHS 1986; Hoffmann and Hecht
1990; Hecht 1999) (see “Carcinogens in Sidestream
Smoke and Secondhand Smoke” in Chapter 2). Smok-
ing tobacco is acknowledged as the leading cause of
lung cancer. Because the compounds that are inhaled
by the active smoker are also present in the mixture
of sidestream and exhaled mainstream smoke inhaled
by involuntary smokers, it is biologically plausible
that secondhand smoke is also a cause of lung can-
cer among nonsmokers, a conclusion reached 20 years
ago in the 1986 report (USDHHS 1986).

In 1981, the first major epidemiologic studies
of secondhand smoke and lung cancer showed that
nonsmoking women married to smokers had a higher
risk of lung cancer than did nonsmoking women mar-
ried to nonsmokers (Garfinkel 1981; Hirayama 1981;
Trichopoulos et al. 1981). These three initial stud-
ies were followed by numerous investigations that
were specifically conducted to evaluate secondhand
smoke exposure and the risk of lung cancer among
nonsmokers. The combined evidence from more than
50 additional epidemiologic studies on this topic
has confirmed and expanded the 1981 findings of
an association between secondhand smoke exposure
and lung cancer. These more recent studies were con-
ducted within and outside of the United States, and

several authoritative scientific panels in the United
States and elsewhere have reviewed the findings
(Table 7.1). These reviews have carefully considered
the possibility of whether the association of second-
hand smoke with lung cancer risk could reflect solely
uncontrolled bias or confounding. This possibility has
been set aside by each group. The number of studies
has increased since 1986, but the conclusions of each
major review and each of the pooled relative risk (RR)
estimates have remained consistent—exposure to
secondhand smoke causally increases the risk for
lung cancer.

This chapter considers the full body of evidence
on secondhand smoke exposure and lung cancer pub-
lished through 2002, the ending date for the system-
atic review of the epidemiologic studies. The chapter
includes details of more recent studies and provides
results of an updated meta-analysis of published
studies.

Methods

This chapter includes an updated literature
review for lung cancer that focused on studies pub-
lished since the release of prior major reports. Med-
line was used to identify the studies included in this
review by searching for the following terms: environ-
mental tobacco smoke, secondhand smoke, passive
smoking, and lung cancer. Reference lists from each
study were also reviewed. These later studies include
3 cohort studies (Table 7.2) (de Waard et al. 1995; Jee et
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Table 7.1

risk of lung cancer among lifetime nonsmokers

Conclusions of selected authoritative scientific bodies on the role of secondhand smoke and the

Year of publication/agency

Studies reviewed

Conclusions and summary comments

1982

Office of the Surgeon
General, U.S. Department
of Health and Human
Services (USDHHS)

The Health Consequences of
Smoking: Cancer

1986

International Agency for
Research on Cancer
Monographs on the
Evaluation of the
Carcinogenic Risk of
Chemicals to Humans:
Tobacco Smoking

1986

National Research Council
Environmental Tobacco
Smoke: Measuring
Exposures and Assessing
Health Effects

1986

Office of the Surgeon
General, USDHHS

The Health Consequences of
Involuntary Smoking

The first 3 epidemiologic studies on
secondhand smoke and lung cancer
(Garfinkel 1981; Hirayama 1981;
Trichopoulos et al. 1981)

7 epidemiologic studies on
secondhand smoke and lung cancer
published between 1981 and 1984
(Garfinkel 1981; Hirayama 1981
[Japan]; Trichopoulos et al. 1981
[Greece]; Chan and Fung 1982 [Hong
Kong]; Correa et al. 1983; Kabat and
Wynder 1984; Koo et al. 1984)

12 studies on secondhand smoke

and lung cancer published since

1981 (Chan and Fung 1982; Correa

et al. 1983; Tricholoupos et al. 1983;
Buffler et al. 1984; Gillis et al. 1984;
Hirayama 1984; Kabat and Wynder
1984; Garfinkel et al. 1985; Akiba et al.
1986; Lee et al. 1986; Koo et al. 1987;
Pershagen et al. 1987)

12 studies on spousal secondhand
smoke and lung cancer published
since 1981 (Chan and Fung 1982;
Correa et al. 1983; Trichopoulos et al.
1983; Gillis et al. 1984; Hirayama 1984;
Kabat and Wynder 1984; Koo et al.
1984; Garfinkel et al. 1985; Wu et al.
1985; Akiba et al. 1986; Lee et al. 1986;
Pershagen et al. 1987)

“Although the currently available evidence

is not sufficient to conclude that passive or
involuntary smoking causes lung cancer

in nonsmokers, the evidence does raise
concern about a possible serious public health
problem.” (p. 9)

“Knowledge of the nature of sidestream

and mainstream smoke, of the materials
absorbed during “passive’ smoking, and of
the quantitative relationships between dose
and effect that are commonly observed from
exposure to carcinogens, however, leads to the
conclusion that passive smoking gives rise to
some risk of cancer.” (p. 314)

“The weight of evidence derived from
epidemiologic studies shows an association
between ETS [environmental tobacco smoke]
exposure of nonsmokers and lung cancer

that, taken as a whole, is unlikely to be due

to chance or systematic bias. The observed
estimate of increased risk is 34%), largely for
spouses of smokers compared with spouses of
nonsmokers.” (p. 245)

“Involuntary smoking can cause lung cancer
in nonsmokers.” (p. 13)
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Table 7.1 Continued

The Health Consequences of Involuntary Exposure to Tobacco Smoke

Year of publication/agency

Studies reviewed

Conclusions and summary comments

1992

U.S. Environmental
Protection Agency
(USEPA)

Respiratory Health Effects
of Passive Smoking: Lung
Cancer and Other Disorders

1999

National Cancer Institute
Health Effects of Exposure
to Environmental Tobacco
Smoke: The Report of the
California EPA. Smoking
and Tobacco Control
Monograph No. 10

2001

Office of the Surgeon
General, USDHHS
Women and Smoking

32 epidemiologic studies on
secondhand smoke and lung cancer;
24 of 32 showed a positive association
(Garfinkel 1981; Trichopoulos et al.
1981, 1983; Chan and Fung 1982;
Correa et al. 1983; Buffler et al. 1984;
Hirayama 1984; Kabat and Wynder
1984; Garfinkel et al. 1985; Lam 1985;
Wau et al. 1985; Akiba et al. 1986; Lee
et al. 1986; Brownson et al. 1987; Gao
et al. 1987; Humble et al. 1987; Koo et
al. 1987; Lam et al. 1987; Pershagen
et al. 1987; Butler 1988; Geng et al.
1988; Inoue and Hirayama 1988;
Katada et al. 1988; Shimizu et al. 1988;
Hole et al. 1989; Svensson et al. 1989;
Janerich et al. 1990; Kalandidi et al.
1990; Sobue 1990; Wu-Williams and
Samet 1990; Fontham et al. 1991; Liu
et al. 1991); the association between
exposure levels (amount smoked by
spouses) and the risk of lung cancer
was also examined

¢ 8 epidemiologic studies published
since the 1992 U.S. EPA report that
have information on secondhand
smoke exposure and lung cancer
(Brownson et al. 1992; Stockwell et
al. 1992; Liu et al. 1993; Fontham et
al. 1994; Kabat et al. 1995; Schwartz
et al. 1996; Cardenas et al. 1997; Ko
et al. 1997)

* 13 epidemiologic studies with data
on secondhand smoke workplace
exposures and 14 studies with data
on other household members

* 9 studies on spousal secondhand
smoke and lung cancer (Brownson
et al. 1992; Stockwell et al. 1992;
Liu et al. 1993; Fontham et al. 1994;
Wang et al. 1994; Kabat et al. 1995;
Cardenas et al. 1997; Boffetta et al.
1998; Jockel et al. 1998)

* 16 epidemiologic studies with data
on secondhand smoke workplace
exposures

“ETS constituents include essentially all of
the same carcinogens found in [mainstream
tobacco smoke], and many of these appear

in greater amounts in [sidestream tobacco
smoke]. . .. This quantitative comparison is
consistent with the observation noted above
that [sidestream] condensates apparently
have even greater carcinogenic potential than
[mainstream] condensates.” (p. 4-28)

“The unequivocal causal association between
tobacco smoking and lung cancer in humans
with dose-response relationships extending
down to the lowest exposure categories, as
well as the corroborative evidence of the
carcinogenicity of both [mainstream] and ETS
provided by animal bioassays and in vitro
studies and the chemical similarity between
[mainstream] and ETS, clearly establish

the plausibility that ETS is also a human
lung carcinogen. In addition, biomarker
studies verify that passive smoking results

in detectable uptake of tobacco smoke
constituents by nonsmokers, affirming that
ETS exposure is a public health concern. In
fact, these observations are sufficient in their
own right to establish the carcinogenicity of
ETS to humans.” (p. 4-28)

“ETS is a human lung carcinogen, responsible
for approximately 3,000 lung cancer deaths
annually in U.S. nonsmokers.” (p. 1-1)

“The 1986 Report of the Surgeon General, the
1986 National Research Council report. . . and
the 1992 U.S. EPA report. . . have established
that ETS exposure causes lung cancer.

Results from recent epidemiological studies
are compatible with the causal association
already established.” (p. ES-12)

“Exposure to ETS is a cause of lung cancer
among women who have never smoked.”
(p. 16)

Cancer Among Adults from Exposure to Secondhand Smoke
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Table 7.2 Cohort studies of the associations between adult exposure to secondhand smoke and the
relative risks for lung cancer incidence and mortality among women who had never smoked
Number of lung
Study Population/follow-up cancer events Data collection

de Waard et al. 1995 2 population-based breast screening
cohorts, 12,000-13,000 women in
each cohort

Netherlands

15 years

Jee et al. 1999 157,436 married women aged
>4(0 years

Health insurance subscribers
Korea

3.5 years

Nishino et al. 2001 9,675 women aged >40 years
Miyagi Prefecture, Japan

9 years

23 incident cases
and deaths

Active smoking histories were
collected at the time of urine
collection; no information was
collected on secondhand smoke
exposure

Questionnaires and medical exams
of the husbands in 1992 and 1994;
women completed questionnaires in
1993

79 incident and
prevalent cases

24 incident cases  Self-completed questionnaire
by 31,345 (13,992 men and

17,353 women)

al. 1999; Nishino et al. 2001) and 13 case-control stud-
ies from around the world (Table 7.3) (Lei et al. 1996;
Shen et al. 1996, 1998; Wang et al. 1996, 2000; Jockel et
al. 1998; Nyberg et al. 1998a; Zaridze et al. 1998; Rapiti
et al. 1999; Zhong et al. 1999; Kreuzer et al. 2000; Lee
et al. 2000; Zhou et al. 2000; Johnson et al. 2001; Seow
et al. 2002). The case-control studies are organized
by geographic areas because the relative importance
of different sources of secondhand smoke exposure
and the prevalence of other risk factors of lung can-
cer (such as occupational exposures, other sources
of indoor air pollutants, and previous lung diseases)
may differ from one country to another. Study design
issues such as the reliance on pathologic confirmation
and the proportion of surrogate respondents also dif-
fer by study area.

Researchers have conducted several meta-
analyses on secondhand smoke exposure and the risk
of lung cancer (National Research Council [NRC]
1986; Dockery and Trichopoulos 1997; Hackshaw et al.
1997; Zhong et al. 2000). This chapter also contains a

426 Chapter 7

meta-analysis that includes the more recent studies
through 2002 in the pooled estimates, and in the esti-
mates from the stratification of the studies by param-
eters such as gender and geographic area. Pooled
estimates associated with secondhand smoke exposure
from spouses, at the workplace, and during childhood
are specifically presented (see “Pooled Analyses” later
in this chapter).

Cohort Studies

A total of eight cohort studies have evalu-
ated secondhand smoke and the risk of lung cancer:
three in the United States (Garfinkel 1981; Butler
1988; Cardenas et al. 1997), two in Japan (Hirayama
1981; Nishino et al. 2001), one in Scotland (Hole et al.
1989), one in Korea (Jee et al. 1999), and one in the
Netherlands (de Waard et al. 1995). These cohort
studies used questionnaires that asked about spousal
smoking behaviors and used spousal smoking as the
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Measure of

Findings secondhand smoke

Relative risk
(95% confidence

interval) Comments

¢ Urinary nicotine and cotinine Cotinine levels
levels were significantly
associated with lung cancer risk <9.2

e Risk increased with increasing 9.2-23.4

urinary cotinine levels 23.4-100

e Risk increased with increasing
duration and amount smoked by
the husband Former smokers

Current smokers

¢ No increased risk was associated = Husband smoked:
with secondhand smoke No
exposure from other household Yes

members

(nanograms/milligram):

Husband’s smoking status:
Lifetime nonsmokers

Crude risk estimates; the

only published study with an
1.0 objective measure of secondhand
2.7 (0.8-9.1) smoke exposure
2.4(0.7-8.3)

Controlled for age of husbands
1.0 and wives, social class, residency,
1.30 (0.6-2.7) and husbands’ occupation and
1.90 (1.0-3.5) vegetable intake; husbands’
smoking was associated with an
increased risk of breast cancer
but not with cancers at other
sites (cervix, stomach, liver)

Controlled for age; study

1.0 area; intake of alcohol, green

1.8 (0.7-4.6) and yellow vegetables, fruit,
and meat; and history of lung
disease; husbands’ smoking was
associated with an increased risk
of rectum and smoking-related
cancers combined; there was no
increased risk of breast cancer

exposure variable to examine the relationship between
secondhand smoke and either incidence (Hole et al.
1989; Jee et al. 1999; Nishino et al. 2001) or mortality
from lung cancer (Garfinkel 1981; Hirayama 1981;
Butler 1988; Cardenas et al. 1997) among nonsmok-
ers. All of the studies reported a higher risk among
women whose husbands smoked than among women
whose husbands did not smoke. The RR ranged from
1.18 to 2.02 among women whose husbands smoked.
Two studies included data for men (Hirayama 1981;
Cardenas et al. 1997), and one study found a higher
risk of lung cancer among men married to women
who smoked (Hirayama 1981). One nested case-
control study using urinary cotinine as a marker of
secondhand smoke exposure found that cotinine lev-
els were associated with the risk of lung cancer among
nonsmoking women (de Waard et al. 1995). Appendix
7.1 (at the end of this chapter) provides detailed infor-
mation on the more recent cohort studies reviewed in
this chapter on the association between exposure to
secondhand smoke and lung cancer.

Case-Control Studies

More than 40 case-control studies have examined
the relationship of exposure to secondhand smoke and
lung cancer. The studies are almost equally divided
between hospital-based and population-based. Meth-
odologic differences across the studies include sources
of the cases, types of controls, the use of surrogate
respondents, the degree of pathologic confirmation
of lung cancer diagnoses, and data collection, such as
the assessment of secondhand smoke exposure and
other relevant covariates. The first studies tended to
be small and classified secondhand smoke exposures
largely or solely on the basis of spousal smoking hab-
its (Correa et al. 1983; Kabat and Wynder 1984; Wu
et al. 1985; Brownson et al. 1987; Humble et al. 1987).
Many larger studies have since been conducted in
the United States (Brownson et al. 1992; Stockwell
et al. 1992; Fontham et al. 1994) and elsewhere (Wu-
Williams et al. 1990; Boffetta et al. 1998; Nyberg et al.

Cancer Among Adults from Exposure to Secondhand Smoke 427
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Table 7.3 Case-control studies by geographic area of exposure to secondhand smoke and the relative risks
for lung cancer among lifetime nonsmokers
Cases/histologic confirmation
Study Population/date of study  and cell type (%)* Controls Data collection
Canada
Johnson et Women aged 20-74 years 161 1,271 selected Mailed questionnaire
al. 2001 from 8 Canadian Tumor 100% histologic confirmation from insurance/  Response rate
Registries No cell type information property Cases: 70%
Frequency was matched assessment Controls: 70%
for age and province of databases or Approximately all
residence by random- self-respondents
Canada digit telephone
1994-1997 dialing (RDD)
Europe
Jockeletal. = Men and women well 55 lifetime nonsmokers 160 lifetime In-person interview
1998 enough to be interviewed ~ 100% histologic or cytologic nonsmokers 100% self-respondents
from all hospitals in the confirmation selected from
study area population
Germany registries
(Bremen, Frankfurt) (general
1988-1993 population)
Nyberg et Men and women aged 124 (35 men, 89 women) 235 (72 men, In-person interview or
al. 1998a >30 years from 3 main 96% histologic confirmation 163 women) by telephone
local hospitals Squamous cell carcinoma: 10%  selected from Response rate
2 controls per case Small cell carcinoma: 2% population Cases: 86%
Frequency matched for Adenocarcinoma: 67% register Controls: 83%
gender, age, and area of 100% self-respondents
residence
Sweden
(Stockholm county)
1989-1995
Zaridze et 2 main cancer treatment 189 women 358 other cancer  In-person interview
al. 1998 hospitals 100% histologic confirmation patients within 3 days of

Controls were from the
same hospital as cases
Russia

(Local Moscow residents

only)

Squamous cell carcinoma: 22%
Small cell carcinoma: 5%
Adenocarcinoma: 56%

hospital admission
Response rate was not
reported

100% self-respondents
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Relative risk

(95% confidence

Comments (covariates considered,

adulthood from spouse
and other sources (all
sources combined =
total)

e Significant trends of
increasing risk with
increasing years of
workplace secondhand
smoke exposure

e Strongest association
with recent secondhand
smoke exposure

e Increased risk with
husband’s smoking was
stronger when restricted
to controls with
nonsmoking-related
cancers

® Stronger association
with squamous cell
cancers

Total secondhand smoke
exposure by intensity:
None
Medium
High

Men
Spousal secondhand smoke:
No
Yes
Workplace secondhand smoke:
No
Yes
Women
Spousal secondhand smoke:
No
Yes
Workplace secondhand smoke:
No
Yes

Husband smoked:
No
Yes
Workplace secondhand smoke:
No
Yes

1.0
0.87 (0.36-2.07)
3.24 (1.44-7.32)

1.0
1.96 (0.72-5.36)

1.0
1.89 (0.53-6.67)
1.0
1.05 (0.60-1.86)

1.0
1.57 (0.80-3.06)

1.0
1.53 (1.06-2.21)

1.0
0.88 (0.55-1.41)

Findings Measure of secondhand smoke interval) definition of lifetime nonsmokers)
Canada
* Significant trend Any secondhand smoke exposure Controlled for age (10-year age
with smoker-years? (childhood and adulthood): group), education, province, fruit
of workplace and No 1.0 and vegetable intake; these results
residential/workplace Yes 1.63 (0.8-3.5) were based on 71 cases and
(i.e., total) secondhand Total (smoker-years): 761 controls who had a more
smoke exposures None 1.0 complete secondhand smoke
1-36 0.83 (0.3-2.1) exposure history; lifetime
37-77 1.54 (0.7-3.5) nonsmokers had smoked
=78 1.82(0.8-4.2) <100 cigarettes per lifetime
Europe
e Risk increased with Secondhand smoke exposure Controlled for gender, age, fruit
high secondhand from spouse: and vegetable intake, and region;
smoke exposure No 1.0 lifetime nonsmokers smoked
during childhood and Yes 1.12 (0.54-2.32) regularly for <6 months (regular

= 1 cigarette/day); intensity of
the secondhand smoke exposure
was based on hours and years
of exposure and the degree of
smokiness*

Controlled for age, gender,
catchment area, occasional
smoking, vegetable intake, degree
of urban residence, and occupation;
lifetime nonsmokers smoked

<1 cigarette/day or <10 cigarettes/
week and other equivalences for
cigars, pipes, and cigarillos

Controlled for age and education;
lifetime nonsmokers were not
defined; age of participants and the
study period were not reported

Cancer Among Adults from Exposure to Secondhand Smoke 429
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Table 7.3 Continued
Cases/histologic confirmation
Study Population/date of study  and cell type (%) Controls Data collection
Europe
Kreuzer et Men and women aged 292 (234 women, 58 men) 1,338 (535 In-person interview
al. 2000 <76 years from 15 clinics/ 100% histologic confirmation women, within 3 months of
hospitals Squamous cell carcinoma: 20% 803 men) diagnosis
Area residents for at least Adenocarcinoma: 59% RDD and local Response rate:
25 years (n=173) residential Cases: 76%
Frequency matched for registries Controls: 41%
gender, age, region, and 100% self-respondents
length of residence
East/West Germany
1990-1996
Asia
Du et al. Reviewed death 75 women 128 women In-person interview
1996; Leiet  certificates of local No histologic confirmation or ~ Excluded those with next of kin
al. 1996 residents cell type information with history Response rate was not
Matched for gender, age, of respiratory reported
year of death, and block disease/tumors No self-respondents
of residence
Guangzhou, China
1986
Shen et al. Hospital-based 70 women 70 women In-person interview
1996, 1998 Local residents =20 years 100% histologic confirmation General Response rate was not
Matched for age, gender, Included only adenocarcinoma  population reported
neighborhood, and 100% self-respondents
occupation
Nanjing, China
1986-1993
Wang et al. 18 hospitals 135 women, 72 with 135 women, In-person interview
1996; Zhou Aged 35-69 years adenocarcinoma 72 designated within 2 weeks of case
et al. 2000 Matched for age and Approximately 50% histologic  specifically for diagnosis
lifetime nonsmoking confirmation adenocarcinoma  Response rate was not
status Squamous cell carcinoma: 16%  patients reported
Shenyang, China Small cell carcinoma: 20% General 100% self-respondents
1991-1995 Adenocarcinoma: 55% population
Rapiti et al. 1 hospital 58 (17 men, 41 women) 123 (56 men, In-person interview
1999 Men and women 100% histologic confirmation 67 women) Response rate was not
Excluded some diseases Squamous cell carcinoma: 28% 2 sources: other reported
among hospital controls Small cell carcinoma: 19% hospital patients ~ 100% self-respondents
No matching Adenocarcinoma: 51% and visitors
Chandigarh, India
1991-1992
430 Chapter 7
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Relative risk
(95% confidence

Comments (covariates considered,

Findings Measure of secondhand smoke interval) definition of lifetime nonsmokers)
Europe
* No significant Men and women Controlled for gender, age, region,
association with any Spouse smoked: occupation, education, radon,
secondhand smoke No 1.0 family history, previous lung
exposure from spouse, Yes 0.99 (0.73-1.34) diseases, length of residence, and

work, or childhood
Increased risk with
weighted duration of

Secondhand smoke from
all sources with weighted
duration:

selected vegetable intake; lifetime
nonsmokers had smoked
<400 cigarettes/lifetime;

secondhand smoke None 1.0 secondhand smoke from all
exposures from all Low 1.29 (0.79-2.09) sources combined included
sources Medium 1.78 (1.05-3.04) exposures inside and outside the
home (weighted duration = hours
times smokiness)
Asia
No significant increased =~ Husband smoked: Crude risk estimate; definition
risk was associated with No 1.0 of lifetime nonsmokers was
husband’s smoking by Yes 1.19 (0.66-2.16) not reported; there were many

amount or duration

No significant trend
with amount and
duration of secondhand
smoke exposure at
home

No significant trend
with years/amount
smoked by husband
Results in analyses
restricted to
adenocarcinoma were
similar

No significant
association with years
of spousal smoking
Increased risk with
secondhand smoke
exposure during
childhood

Daily household secondhand
smoke exposure:

No

Yes

Husband smoked:
No
Yes

Workplace exposure:
No
Yes

Husband smoked:
No
Yes

1.0
1.63 (0.68-3.89)

1.0
1.11 (0.65-1.88)

1.0
0.89 (0.45-1.77)

1.0
1.1 (0.5-2.6)

limitations in the study methods

Controlled for neighborhood,
gender, age, and occupation;
possible overmatching

Crude risk estimates; histologic cell
type classification is questionable

Controlled for gender, age,
religion, and residence; lifetime
nonsmokers had smoked

<400 cigarettes/lifetime

Cancer Among Adults from Exposure to Secondhand Smoke
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Table 7.3 Continued
Cases/histologic confirmation
Study Population/date of study  and cell type (%)* Controls Data collection
Asia

Zhong etal.  Women aged 35-69 years 504 601 In-person interview

1999 Permanent residents of Approximately 77% histologic =~ General at home, hospital, or
the area confirmation population work
Frequency matched for Squamous cell carcinoma: Response rate:
age 12.4% Cases: 92%
Shanghai, China Cancer Small cell carcinoma: 2% Controls: 84%
Registry Adenocarcinoma: 76.5% Self-respondents:
1992-1994 Cases: 80%

Controls: 98%

Lee et al. 1 hospital 268 445 hospital In-person interview

2000 Women only 100% histologic confirmation controls Response rate:
Matched for age, lifetime Squamous cell carcinoma: 18%  Eye or Cases: 91%
nonsmoking status, date Small cell carcinoma: 11% orthopedic Controls: 90%
of admission Adenocarcinoma: 68% patients, or in 100% self-
Kaohsiung (Taiwan) for check-ups respondents
1992-1998

Wang et al. Local hospitals and clinics 233 (33 men, 200 women) 521 (114 men, In-person interview at

2000 Aged 30-75 years 30% histologic confirmation 407 women) home/hospital
Frequency matched Cell type distribution wasnot ~ General Response rate:
for age, gender, and reported population Cases: 95%
prefecture of residence Controls: 90%
Gansu Province (China) Self-respondents:
1994-1998 Cases: 46%

Controls: 96%

Seow et al. 3 major hospitals 176 women 663 In-person interview

2002 Aged <90 years (alert 100% histologic confirmation No history of within 3 months of
enough for interview) Squamous cell carcinoma: 10%  cancer, heart diagnosis
Frequency matched for Small cell carcinoma: 1.1% or chronic Response rate:
age, hospital, and date of Adenocarcinoma: 72% respiratory Cases: 95%
admission disease, or renal Controls: 97%
Singapore failure 100% self-
1996-1998 respondents

*Percentages do not add up to 100%.
*Smoker-years = The number of years of exposure weighted by the number of smokers.
*Smokiness = Subjective index: (1) not visible but smellable, (2) visible, and (3) very smoky.
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Relative risk
(95% confidence

Comments (covariates considered,

Findings Measure of secondhand smoke interval) definition of lifetime nonsmokers)
Asia
e Significant association Secondhand smoke at home: Controlled for age, income,
between secondhand No 1.0 vitamin C intake, respondent
smoke exposure at work Yes 1.2 (0.8-1.7) status, smokiness of kitchen,
and risk when stratified =~ Workplace exposure: family history of lung cancer, and
by various intensity No 1.0 high-risk occupations; lifetime
measures Yes 1.9 (0.9-3.7) nonsmokers had smoked
<1 cigarette/day for 6 months
e Significant associations Husband smoked: Controlled for area of residence,
between various No 1.0 education, occupation,
sources of secondhand In wife’s absence 1.2 (0.7-2.0) tuberculosis, cooking fuels,
smoke exposure and In wife’s presence 2.2 (1.5-3.3) and fume extractor; lifetime
risk (husband, work, Lifetime exposure: nonsmokers had smoked
and paternal smoking) None 1.0 <1 cigarette/day for 1 year or
1-20 smoker-years 1.3 (0.6-2.6) <365 cigarettes/lifetime
21-40 smoker-years 1.6 (0.9-2.6)
41-60 smoker-years 2.0 (1.2-3.5)
>60 smoker-years 2.8 (1.6-4.8)
¢ No significant Secondhand smoke in adulthood: Controlled for age, social class,
association with No 1.0 prefecture, and other potential
secondhand smoke Yes 0.90 (0.6-1.4) confounders; lifetime nonsmokers
exposure in adulthood Secondhand smoke in childhood: smoked cigarettes or pipes
e Significant association No 1.0 regularly for <6 months
with secondhand smoke Yes 1.52 (1.1-2.2)
exposure in childhood Lifetime secondhand smoke:
No 1.0
Yes 1.19 (0.7-2.0)
e Increased risk with any ~ Any secondhand smoke: Controlled for age, birthplace,
household secondhand No 1.0 family history of cancer, soy intake,
smoke exposure Yes 1.3 (0.9-1.8) length of menstrual cycle; lifetime

nonsmokers had smoked

<1 cigarette/day for 1 year;
there was a single question on
secondhand smoke exposure
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1998a; Zaridze et al. 1998; Zhong et al. 1999; Kreuzer
et al. 2000; Lee et al. 2000; Wang et al. 2000; Seow et al.
2002) that expanded the assessment of the exposure to
include smoking habits of other household members
during childhood and adulthood, and exposure at
work and in other social settings. Recent studies based
largely on interviews with the index participants also
attempted to determine intensity measures of expo-
sure by assessing hours of exposure, the number of
smokers, and whether the exposure occurred in the
presence of the participants (Jockel et al. 1998; Nyberg
et al. 1998a; Kreuzer et al. 2000; Lee et al. 2000). These
newer studies have demonstrated that under certain
circumstances, investigators may be able to clas-
sify exposure at least semiquantitatively. Appendix
7.1 provides detailed information on the more recent
case-control studies reviewed in this chapter on the
association between exposure to secondhand smoke
and lung cancer.

Summary of New Epidemiologic
Studies on Lung Cancer and
Secondhand Smoke Exposure

Between 1996 and 2001, 15 epidemiologic stud-
ies were published that further expand the evidence
supporting a causal association between secondhand
smoke exposure and the risk of lung cancer among
lifetime nonsmokers. Recent cohort studies from
Korea (Jee et al. 1999) and Japan (Nishino et al. 2001)
have improved the assessment of secondhand smoke
exposure by obtaining information on the husband’s
smoking on two occasions during medical examina-
tions approximately two years apart (Jee et al. 1999),
or by asking about smoking by other household
members (Nishino et al. 2001). Potential confound-
ers were considered in both studies and their results
were very similar to those reported by Hirayama
(1981). By design, five hospital-based European stud-
ies (Jockel et al. 1998; Nyberg et al. 1998a; Zaridze et
al. 1998; Kreuzer et al. 2000, 2001) and one study from
Taiwan (Lee et al. 2000) restricted the study popula-
tion to patients diagnosed with lung cancer who were
well enough to participate in an in-person interview
shortly after diagnosis. Thus, these investigators were
able to obtain more information regarding the inten-
sity of secondhand smoke exposure than was previ-
ously available in most population-based, case-control
studies. The higher RR estimates in these studies are
likely due to the incorporation of intensity measures
of exposure that separated those who were highly
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exposed to secondhand smoke from those who were
less highly exposed.

Six additional studies were conducted among
Chinese persons who resided in China or other coun-
tries in Asia. Although some of these studies were
small and the quality of the methods uncertain, three
studies are large and well-designed. Conducted in
Shanghai, China; Kaohsiung, Taiwan; and Gansu
Province, China (Zhong et al. 1999; Lee et al. 2000;
Wang et al. 2000), these larger studies showed that
secondhand smoke exposures at home and at work
during adulthood were associated with an increased
risk of lung cancer among lifetime nonsmokers. This
association remained consistent even in popula-
tions where other sources of indoor and outdoor air
pollution were also prevalent. In addition to the
questionnaire-based studies, de Waard and colleagues
(1995) conducted a small nested case-control study
that provided supportive evidence based on uri-
nary cotinine for an association between secondhand
smoke exposure and an increased risk of lung cancer
among lifetime nonsmokers.

Pooled Analyses

Secondhand Smoke Exposure from Spouses:
An Update of the Literature

Of the published meta-analyses on secondhand
smoke and lung cancer, only two recent comprehen-
sive meta-analyses are mentioned here, as their find-
ings subsume those of earlier reports. Hackshaw and
colleagues (1997) pooled 37 published studies and
obtained an estimated RR of 1.24 (95 percent confidence
interval [CI], 1.13-1.36) for nonsmokers who lived
with a smoker. The results were remarkably consistent
with analyses stratified by gender, geographic region,
year of publication, and study design. Zhong and col-
leagues (2000) reached similar conclusions when they
updated that same pooled analysis to include 40 pub-
lished studies. They obtained a RR of 1.20 (95 percent
CI, 1.12-1.29) for lung cancer risk among nonsmoking
women with exposure to secondhand smoke from their
husbands’ smoking. The increased RR was observed
for case-control and cohort studies and separately by
gender, study location, year of publication, and other
parameters.

The update of the pooled analyses that fol-
lows was prepared by reviewing published studies
already included in the meta-analyses conducted
by Hackshaw and colleagues (1997) and Zhong and



colleagues (2000), as well as the new studies discussed
in the Appendix at the end of this chapter. Results of
the meta-analyses were calculated with the method of
DerSimonian and Laird (1986). Random-effects analy-
ses were used to account for heterogeneity between
studies. The statistical program Stata was used for the
calculations. For studies that reported both crude (or
minimally adjusted) and more adjusted RR estimates,
the more adjusted risk estimate was selected for the
meta-analysis. Table 7.4 provides the findings.

There are 52 studies in this analysis on spousal
secondhand smoke exposure (8 cohort, 44 case-control
studies). Those studies that lacked specific informa-
tion on spousal smoking were not included (Svensson
etal. 1989; Wang et al. 1994; de Waard et al. 1995; Seow
et al. 2002). Three studies (Jockel et al. 1998; Nyberg
et al. 1998b; Kreuzer et al. 2000) that were part of the
International Agency for Research on Cancer (IARC)
European multicenter study (Boffetta et al. 1998)
were also published as separate reports. The study by
Jockel and colleagues (1998) was not included because
almost all of the lifetime nonsmokers in this report
(71 of the 76 cases and 229 of the 236 controls) were
already included in the IARC European multicenter
study (Boffetta et al. 1998). However, because the
study by Nyberg and colleagues (1998b) included an
additional 54 cases and 123 controls and the study by
Kreuzer and colleagues (2000) included an additional
119 cases and 1,123 controls who were not included
in the European multicenter study, these two studies
were included in the meta-analysis presented here.

When RR estimates from prospective cohort and
case-control studies were combined, the RR of lung
cancer among male and female nonsmokers who were
ever exposed to secondhand smoke from their spouses
was 1.21 (95 percent CI, 1.13-1.30). The RR esti-
mates were 1.20 (95 percent CI, 1.11-1.29) from case-
control studies and 1.29 (95 percent CI, 1.125-1.49)
from cohort studies. The magnitude of the effect
associated with spousal secondhand smoke expo-
sure was comparable for men (odds ratio [OR] = 1.37
[95 percent CI, 1.05-1.79]) and women (OR = 1.22
[95 percent CI, 1.13-1.31]). There were no significant
differences in the RR estimates by geographic area; the
point estimate was 1.15 (95 percent CI, 1.04-1.26) for
studies conducted in the United States and Canada,
1.16 (95 percent CI, 1.03-1.30) for studies conducted
in Europe, and 1.43 (95 percent CI, 1.24-1.66) for stud-
ies conducted in Asia. The pooled RR estimates were
1.30 (95 percent CI, 1.13-1.50) for studies published
between 1981 and 1986, 1.20 (95 percent CI, 1.05-1.38)
for studies published between 1987 and 1994, and
1.20 (95 percent CI, 1.09-1.31) for studies published
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since 1994. Significantly increased risks were observed
regardless of the sample size: the pooled RR estimate
was 1.44 (95 percent CI, 1.16-1.78) for studies with
55 or fewer lung cancer cases, 1.25 (95 percent
CI, 1.08-1.46) for studies with 56 to 99 cases, and
1.18 (95 percent CI, 1.08-1.29) for studies with 100 or
more lung cancer cases.

Secondhand Smoke Exposure in the Workplace

In addition to the home, the workplace has been
a location where significant exposure takes place
(see Chapter 4, Prevalence of Exposure to Second-
hand Smoke) (Jaakkola and Samet 1999). Large cross-
sectional studies have consistently demonstrated the
prevalence of secondhand smoke exposure in the
workplace and in other settings outside the home
(National Cancer Institute [NCI] 1999). In the Third
National Health and Nutrition Examination Survey,
which included a large representative sample of the
U.S. population, nearly 40 percent of working people
who were nontobacco users reported secondhand
smoke exposure in the workplace (Pirkle et al. 1996).
Reviews of indoor air nicotine and/or respirable sus-
pended particulate concentrations in different micro-
environments show that the levels were essentially
comparable between work and residential envi-
ronments in the United States and other countries.
Secondhand smoke exposures in homes and work-
places were not only qualitatively similar in chemical
composition but also in concentrations (Guerin et al.
1992; U.S. Environmental Protection Agency [USEPA]
1992; Hammond 1999).

A total of 25 epidemiologic studies (7 from the
United States, 1 from Canada, 7 from Europe, and
10 from Asia) have provided information on work-
place secondhand smoke exposure and the risk of
lung cancer among lifetime nonsmokers (Table 7.5).
The questions on workplace secondhand smoke
exposure are heterogeneous among the studies (Wu
1999), and nine of the studies have assessed individ-
ual lifetime workplace secondhand smoke exposure.
Almost all of the controls in these studies were self-
respondents, so differences in exposure prevalences
may reflect the heterogeneous questions that were
asked, different workplace smoking policies, and/
or different demographic characteristics of the con-
trols, such as social class. Of the studies conducted
in the United States and Canada, an estimated 38 to
66 percent of the controls reported any exposure at the
workplace; the prevalence of exposure was similar for
men and women (Kabat and Wynder 1984; Kabat et
al. 1995). The prevalence of workplace secondhand
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Table 7.4 Quantitative estimate of lung cancer risk with differing sources of exposure to secondhand
smoke
95%
Relative  confidence
Study Data source Exposure vs. referent risk interval
Previous meta-analyses
Hackshaw et al. 37 studies Smoking vs. nonsmoking spouse 1.24 1.13-1.36
1997
Zhong et al. 2000 40 studies (including 37 from  Smoking vs. nonsmoking husband 1.20 1.12-1.29
Hackshaw et al. 1997)
Spousal smoking (52 studies)
Meta-analysis Case-control (44 studies) Smoking vs. nonsmoking spouse 1.21 1.13-1.30
ducted f
E?g 2%%; Su;);eon Cohort (8 studies) Smoking vs. nonsmoking spouse 1.29 1.125-1.49
General’s report Men Smoking vs. nonsmoking wife 1.37 1.05-1.79
Women Smoking vs. nonsmoking husband 1.22 1.13-1.31
United States and Canada Smoking vs. nonsmoking spouse 1.15 1.04-1.26
Europe Smoking vs. nonsmoking spouse 1.16 1.03-1.30
Asia Smoking vs. nonsmoking spouse 1.43 1.24-1.66
Workplace exposure (25 studies)
Meta-analysis Nonsmokers (25 studies) Workplace secondhand smoke vs. 1.22 1.13-1.33
conducted for none
this 2006 S
oo Nonsmoking men Workplace secondhand smoke vs. 1.12 0.86-1.50
General’s report .
(11 studies) none
Nonsmoking women Workplace secondhand smoke vs. 1.22 1.10-1.35
(25 studies) none
Nonsmokers in the United Workplace secondhand smoke vs. 1.24 1.03-1.49
States and Canada (8 studies) none
Nonsmokers in Europe Workplace secondhand smoke vs. 1.13 0.96-1.34
(7 studies) none
Nonsmokers in Asia Workplace secondhand smoke vs. 1.32 1.13-1.55
(10 studies) none
Childhood exposure (24 studies)
Meta-analysis Men and women Maternal smoking 1.15 0.86-1.52
ducted f
:}?lr; 2%% g Susgeon Men and women Paternal smoking 1.10 0.89-1.36
General’s report Men and women Smoking by either parent 111 0.94-1.31
Women Maternal smoking 1.28 0.93-1.78
Women Paternal smoking 117 0.91-1.50
United States and Canada Smoking by either parent 0.93 0.81-1.07
(8 studies)
Europe (6 studies) Smoking by either parent 0.81 0.71-0.92
Asia (10 studies) Smoking by either parent 1.59 1.18-2.15
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Table 7.5 Relative risks for lung cancer associated with any workplace exposure to secondhand smoke
among lifetime nonsmokers
Percentage with
. workplace secondhand
Types of questions asked smoke exposure
regarding workplace Relative risk (95%
Study Population secondhand smoke exposure  Cases Controls confidence interval)
United States
Kabat and Men Exposure at current or lastjob 72 44 3.3(1.0-10.4)
Wynder 1984 Women 49 58 0.7 (0.3-1.5)
U.S. cities
Garfinkel etal. Women Exposure—past 5 years 45 47 0.88 (0.7-1.2)
1985 New Jersey and past 25 years 0.93 (0.7-1.2)
Ohio
Wuetal. 1985  Women Exposure at all jobs 55 50 1.3 (0.5-3.3)
Los Angeles
Butler 1988 Men Years worked with smokers 29 38 0.98 (0.2-5.4)
Women 33 43 1.0 (0.2-5.4)
Brownson et Women Exposure at current/last job NR* NR 0.98 (0.74-1.32)*
al. 1992 Missouri
Kabat et al. Men Exposure at 4 jobs lasting 56 56 1.02 (0.50-2.09)
1995 Women >1 year 60 57 1.15 (0.62-2.13)
4 U.S. cities
Reynolds etal.  Women Exposure at all jobs 73 66 1.6 (1.2-2.0)
1996 5 U.S. cities
Schwartz etal. Men and women Not specified 53 46 1.5 (1.0-2.2)
1996 Detroit
Canada
Johnsonetal.  Women Exposure at all jobs 54 49 1.20 (0.74-1.95)*
2001
Europe
Leeetal. 1986 Men Not specified 70 59 1.61 (0.39-6.6)
Women 20 29 0.63 (0.17-2.33)
United Kingdom
Kalandidi et Women Exposure at current/last job 73 66 1.39 (0.76-2.54)
al. 1990 Greece
Boffetta et al. Men Exposure at all jobs 74 71 1.13 (0.68-1.86)
1998 Women 53 47 1.19 (0.94-1.51)
7 European
countries
Nyberg et al. Men Exposure at all jobs 86 81 1.89 (0.53-6.67)
1998a Women 75 66 1.57 (0.80-3.06)
Sweden
Zaridze et al. Women Exposure—past 20 years 19 19 0.88 (0.55-1.41)
1998 Russia
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Table 7.5 Continued
Percentage with
. workplace secondhand
Types of questions asked smoke exposure
regarding workplace Relative risk (95%
Study Population secondhand smoke exposure  Cases Controls confidence interval)
Europe

Boffetta et al. Men and women Exposure at all jobs 55 54 1.0 (0.5-1.8)
1999 7 European

countries
Kreuzer et al. Men Exposure at all jobs 66 71 0.78 (0.44-1.38)
2000, 2001 Women 53 52 1.14 (0.83-1.57)

Germany
Koo etal. 1984 Women Exposure at all jobs NR NR 1.19 (0.48-2.95)

Hong Kong
Shimizu et al. Women Most recent/current job, any NR NR 1.2 (0.7-2.04)
1988 Japan smokers at work
Wu-Williams Women Exposure at all jobs 55 50 1.2 (1.0-1.6)
et al. 1990 Northern China
Sunetal. 1996 Women Not specified NR NR 1.38 (0.94-2.04)

Northern China
Wang et al. Women Not specified 84 85 0.89 (0.45-1.77)
1996 Shenyang, China
Rapiti et al. Men and women Not specified NR NR 1.1 (0.3-4.1)
1999 India
Zhong et al. Women Exposure at each job held for 27 21 1.7 (1.3-2.3)
1999 Shanghai, China 22 years
Leeetal. 2000 Women Exposure at each job held for 10 7 1.2 (0.5-2.4)

Taiwan =5 years
Wang et al. Men and women Any workplace exposure NR NR 1.56 (0.7-3.3)
2000 Gansu Province
Zhou et al. Women Not specified 85 82 0.89 (0.25-3.16)
2000 Shenyang, China

*NR = Data were not reported.
Relative risk from calculations presented by Wells 1998 (Table 2).

*Calculations based on the numbers presented in Table 2 of Johnson et al. 2001.

smoke exposure was more varied among controls in
European countries: women in Moscow had the low-
est prevalence (Zaridze et al. 1998) and Swedish men
in Stockholm had the highest (Nyberg et al. 1998a).
Similarly, there was a wide range of prevalences in
workplace secondhand smoke exposure in Asia.
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Despite these geographic differences in expo-
sure prevalences, the effect of secondhand smoke
exposure in the workplace on the risk of lung cancer
among lifetime nonsmokers is remarkably consistent.
On the basis of these 25 studies, the pooled RR esti-
mate associated with reported workplace secondhand



smoke exposure was 1.22 (95 percent CI, 1.13-1.33) for
all studies combined, 1.12 (95 percent CI, 0.86-1.50) for
men, and 1.22 (95 percent CI, 1.10-1.35) for women.
When the pooled analysis was conducted separately
by geographic area, the pooled RR estimate was
1.24 (95 percent CI, 1.03-1.49) for the United States
and Canada, 1.13 (95 percent CI, 0.96-1.34) for Euro-
pean countries, and 1.32 (95 percent CI, 1.13-1.55)
for Asia.

Studies have also assessed dose-response rela-
tionships between secondhand smoke exposure in the
workplace and lung cancer risk among lifetime non-
smokers (Table 7.6). At least six studies have reported
RR estimates stratified by years of exposure (Fontham
et al. 1994; Boffetta et al. 1998; Nyberg et al. 1998a;
Zhong et al. 1999; Wang et al. 2000; Johnson et al.
2001), and these studies concur that there is a trend of
an increase in risk with an increased duration of expo-
sure. In addition, studies that used a combined index
incorporating years and intensity of exposure, such
as the number of hours of exposure and the number
of smokers in the work environment (Boffetta et al.
1998; Nyberg et al. 1998a; Zhong et al. 1999; Kreuzer
et al. 2000; Johnson et al. 2001), found up to a threefold
increase in risk associated with the highest intensity
levels of workplace exposure (Table 7.6).

Secondhand Smoke Exposure During Childhood

At least 24 epidemiologic studies have investi-
gated secondhand smoke exposure during childhood
(Table 7.7). The prevalence of secondhand smoke
exposure during childhood varied and depended on
whether the source of the exposure was from moth-
ers, fathers, both parents, other household members,
or a combined index that incorporated all sources
of exposure. Although some studies found sugges-
tions of a significantly increased risk of lung cancer
in association with childhood exposures (Janerich
et al. 1990; Sun et al. 1996; Rapiti et al. 1999; Wang
et al. 2000), most studies did not find significant
associations. When a pooled RR estimate in
association with maternal and paternal smoking
was calculated, in addition to a calculated combined
index that represented childhood exposure from either
parent, there was some increase in risk in association
with secondhand smoke exposure to maternal smoking
(OR = 1.15 [95 percent CI, 0.86-1.52]), paternal smok-
ing (OR = 1.10 [95 percent CI, 0.89-1.36]), or smoking
by either parent (OR = 1.11 [95 percent CI, 0.94-1.31]).
The risk pattern was slightly stronger in analyses
restricted to women (maternal smoking OR = 1.28
[95 percent CI, 0.93-1.78]; paternal smoking OR = 1.17
[95 percent CI, 0.91-1.50]). The pooled RR
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estimate associated with childhood secondhand
smoke exposure was 0.93 (95 percent CI, 0.81-1.07) for
studies conducted in the United States, 0.81 (95 per-
cent CI, 0.71-0.92) for studies conducted in European
countries, and 1.59 (95 percent CI, 1.18-2.15) for stud-
ies conducted in Asian countries.

There are several alternative explanations for
the generally weaker association between childhood
exposures and lung cancer risk compared with expo-
sure during adulthood. Nyberg and colleagues (1998a)
found that recent secondhand smoke exposures had
the greatest impact on overall lung cancer risk among
lifetime nonsmoking adults. If more recent expo-
sures convey a greater risk, then remote childhood
exposures would be anticipated to have little effect.
In addition, assessments of childhood exposure may
also have higher rates of misclassification than assess-
ments of exposure during adulthood. In some studies,
interviews with next of kin were conducted when the
case patient was ill or deceased (Janerich et al. 1990;
Brownson et al. 1992; Stockwell et al. 1992; Fontham
et al. 1994; Wang et al. 2000). Next of kin, particularly
spouses, who may not be knowledgeable about child-
hood events and exposures could provide incomplete
and/or misclassified exposure histories. But most of
these studies included few or no interviews with next
of kin among the controls. Thus, differential misclassi-
fication of secondhand smoke exposures during child-
hood may have occurred in some studies.

Evidence Synthesis

Twenty years after secondhand smoke was
first classified as a cause of lung cancer in lifetime
nonsmokers, the evidence supporting causation con-
tinues to mount (USDHHS 1986). More than 50 epi-
demiologic studies have addressed the association
between secondhand smoke exposure and the risk
of lung cancer among lifetime nonsmokers. These
studies included men and women of diverse racial
and ethnic backgrounds and were conducted using
heterogeneous study designs in some 20 countries of
North America, Europe, and Asia. An increased risk
of lung cancer associated with secondhand smoke
exposure was found in most of the studies, with few
exceptions (Chan et al. 1982; Bulffler et al. 1984; Kabat
and Wynder 1984; Lee et al. 1986, Wu-Williams et al.
1990; Liu et al. 1991; Brownson et al. 1992; Wang et
al. 1996). A consistent association obtained in different
populations under diverse circumstances strengthens
a causal interpretation because different patterns of
potential bias and confounding would be expected
across different populations. Not surprisingly,
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Table 7.6 Dose-response relationships between workplace secondhand smoke exposure and lung cancer
risk among lifetime nonsmokers
Exposure level Weighted exposure level
Relative risk (95% Relative risk (95%
Study/gender Duration confidence interval) Intensity confidence interval)
Fonthametal. 1994  Inyears: NR* NR
Women None 1.0
1-15 1.30 (1.01-1.67)
16-30 1.40 (1.04-1.88)
=31 1.86 (1.24-2.78)
p for trend 0.001
Boffetta et al. 1998 In years: Level X hours/day
Men and women None 1.0 X years:
1-29 1.15 (0.91-1.44) None 1.0
30-38 1.26 (0.85-1.85) 0.1-46.1 0.97 (0.76-1.25)
=39 1.19 (0.77-1.86) 46.2-88.9 1.41 (0.93-2.12)
p for trend 0.21 >89 2.07 (1.33-3.21)
p for trend <0.01
Nyberg et al. 1998a In years: Hour-years*:
Men and women None 1.0 None 1.0
<30 1.40 (0.76-2.56) <30 1.27 (0.69-2.34)
=30 2.21 (1.08-4.52) =30 2.51 (1.28-4.93)
p for trend’ 0.03 p for trend* 0.01
Zhong et al. 1999 In years: Number of hours per
Women None 1.0 day:
1-12 2.0 (1.2-3.3) None 1.0
13-24 1.4 (0.9-2.3) 1-2 1.0 (0.6-1.7)
>24 1.8 (1.1-2.8) 34 1.6 (1.0-2.5)
p for trend 0.50 >4 2.9 (1.8-4.7)
p for trend <0.001
Kreuzer et al. 2000 In hours: Hours times smokiness$
Men and women 0-29,000 1.0 level:
>29,000-61,000 1.57 (0.97-2.54) 0-56,200 1.0
>61,000 1.36 (0.71-2.61) >56,200-100,600 1.09 (0.55-2.19)
p for trend 0.10 >100,600 1.93 (1.04-3.58)
p for trend 0.06
Wang et al. 2000 In years: NR NR
Men and women None 1.0
<20 1.29 (0.5-3.3)
>20 1.76 (0.5-5.6)
p for trend 0.19
Johnson et al. 2001 In years: Smoker-years:
Women None 1.0 None 1.0
Residential only:  1.21 (0.5-2.8) Residential only: 1.21 (0.5-2.8)
1-7 1.24 (0.5-3.3) 1-25 1.16 (0.4-3.1)
8-19 1.71 (0.7-4.3) 26-64 1.98 (0.8-4.9)
>20 1.71 (0.7-4.3) =65 1.58 (0.6-4.0)
p for trend NS* p for trend NS

*NR = Data were not reported.

*Calculations are based on the data presented.
*Hour-years = 365 hours or the equivalent of 1 hour per day per year.

SSmokiness = Subjective index: (1) not visible but smellable, (2) visible, and (3) very smoky.
ANS = Not statistically significant.
ISmoker-years = The number of years of exposure weighted by the number of smokers.
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Table 7.7 Relative risks for lung cancer associated with exposure to secondhand smoke during childhood
among lifetime nonsmokers
Percentage with Relative risk
childhood secondhand  (95% confidence
smoke exposure interval) with any
Childhood secondhand exposure from a
Study Population smoke exposure Cases Controls family member
United States
Garfinkel etal. ~ Women Any childhood exposure NR* NR 0.91 (0.74-1.12)
1985 4 U.S. hospitals
Wu et al. 1985 Women Parents 40 53 0.6 (0.2-1.7)
Los Angeles
Janerich et al. Men and women  Any childhood exposure? 70 54 1.3 (0.85-1.99)
1990 New York
Brownson etal. Women Parents 17 25 0.7 (0.5-0.9)
1992 Missouri Other household members 25 31 0.8 (0.6-1.1)
Stockwell et al. Women Mother* NR NR 1.6 (0.6-4.3)
1992 Central Florida Father NR NR 1.2 (0.6-2.3)
Siblings NR NR 1.7 (0.8-3.9)
Fontham et al. Women Father 50 55 0.83 (0.67-1.02)
1994 5 U.S. cities Mother 12 13 0.86 (0.62-1.18)
Other household members 21 21 1.03 (0.80-1.32)
Any household member during 62 65 0.89 (0.72-1.10)
childhood
Kabat et al. Men Any childhood exposure 62 65 0.90 (0.43-1.89)
1995 Women 68 57 1.55 (0.95-2.79)
4 U.S. cities
Canada
Johnson et al. Women Any childhood exposure 83 78 1.39 (0.8-2.2)
2001 National cancer
registry
Europe
Pershagen etal. Women 1 or both parents smoked 19 NR 1.0 (0.4-2.3)
1987 Sweden
Svensson et al. Women Father 12 71 0.9 (0.4-2.3)
1989 Sweden Mother 3 5 3.3 (0.5-18.8)
Boffetta et al. Men and women  Father NR NR 0.76 (0.61-0.94)
1998 7 European Mother NR NR 0.92 (0.57-1.49)
countries Any childhood exposure 60 66 0.78 (0.64-0.96)
Nyberg et al. Men Father 69 52 1.90 (0.69-5.23)
1998a Mother 40 21 0.90 (0.14-6.00)
Women Father 46 49 0.76 (0.42-1.37)
Sweden Mother 8 15 0.29 (0.07-1.14)
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Table 7.7 Continued
Percentage with Relative risk
childhood secondhand (95% confidence
smoke exposure interval) with any
Childhood secondhand exposure from a
Study Population smoke exposure Cases Controls family member
Europe
Zaridze et al. Women Father (assumed during 49 50 0.92 (0.64-1.32)
1998 Russia childhood)
Kreuzer et al. Men and women  Any exposure 62 64 0.84 (0.63-1.11)
2000 Germany
Asia
Koo et al. 1987 Women During childhood NR NR 2.07 (0.51-95.17)
Hong Kong
Shimizu et al. Women Father NR 41 1.1 (p >0.05)
1988 Japan Mother NR 3 4.0 (p <0.05)
Brothers or sisters NR 32 0.8 (p >0.05)
Sobue 1990 Women Father 76 80 0.79 (0.52-1.21)
Japan Mother 12 9 1.33 (0.74-2.37)
Other household member 22 16 1.18 (0.76-1.84)
Wu-Williams et Women Father 44 42 1.1 (0.8-1.4)
al. 1990 Northern China Mother 29 32 0.9 (0.6-1.1)
Sun et al. 1996 Women Father NR NR 2.4 (1.6-3.5)
Northern China Mother NR NR 2.1(1.3-3.3)
Wang et al. Women During childhood 59 61 0.91 (0.55-1.49)
1996 Shenyang
(China)
Rapiti et al. Women Father 73 18 12.6 (4.9-32.7)
1999 India Mother 31 6 7.7 (1.6-37.2)
Zhong et al. Women During childhood 34 36 0.9 (0.5-1.6)
1999 Shanghai (China)
Lee et al. 2000 Women Father 49 45 1.2 (0.9-1.6)
Taiwan Mother 3 2 1.5 (0.6-3.9)
Wang et al. Men During childhood 63 49 1.46 (0.6-3.7)
2000 Women 67 61 1.51 (1.0-2.2)
Gansu (China)
(nonindustrial)

*NR = Data were not reported.

*The respective relative risks were 1.0, 1.1, and 2.1 associated with 0, 1-24, and =25 smoker-years, in childhood and
adolescence. (Smoker-years = The number of years of exposure weighted by the number of smokers.)

*The respective relative risks were 1.0, 1.6, 1.1, and 2.4 associated with 0, <18, 18-21, and >21 years, in childhood and
adolescence.
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associations did not reach statistical significance in all
studies because of variations in the sample sizes; some
had modest sample sizes with low statistical power.
The pooled analyses of earlier reports (Hackshaw et
al. 1997; Zhong et al. 2000) and of this report docu-
ment a 20 to 30 percent increase in RR of lung cancer
in association with secondhand smoke exposures dur-
ing adulthood; the effects are comparable in cohort
and case-control studies, among men and women,
in different geographic areas, by year of publication,
and by study population size (Table 7.4). In addition,
the pooled analyses showed comparable increases in
risk in association with secondhand smoke exposures
from spousal smoking and from smoking in the work-
place, thus emphasizing that all sources of exposure
increase the risk for lung cancer. Most of the studies
published during the 1990s were designed to address
weaknesses that previous studies on secondhand
smoke and lung cancer were criticized for, including
small sample size, possible selection bias, possible
misclassification biases, and inadequate adjustments
for potential confounders. With the improved designs,
therefore, bias becomes an unlikely explanation for
the observed increase in risk.

There is strong biologic support for a role of
secondhand smoke in the etiology of lung cancer in
nonsmokers, and the association is coherent based on
the total weight of the evidence (see “Human Carcino-
gen Uptake from Secondhand Smoke” in Chapter 2).
Exposure to secondhand smoke has been repetitively
linked to elevation of biomarker levels in nonsmokers,
including the tobacco-specific biomarkers nicotine,
cotinine, and 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK), and nonspecific biomarkers such as
white blood cell adducts. As reviewed in Chapter 2,
mechanistic understanding related to tobacco smoke
and lung cancer has advanced greatly since the 1986
report of the Surgeon General. The development of a
cancer is considered to result from multiple genetic
changes, and exposure to secondhand smoke involves
exposure to the same carcinogens that are linked to
genetic changes in active smokers. The genetic basis
of susceptibility to these carcinogens is an active area
of investigation.

The risk associated with involuntary smok-
ing is consistent with the dose-response relationship
observed with active smoking and lung cancer. Hack-
shaw and colleagues (1997) demonstrated that the
risk estimate obtained directly from a meta-analysis
of epidemiologic studies was compatible with the risk
estimate calculated indirectly from a linear extrapola-
tion of risk among active current smokers. This con-
cept is considered to have limitations (USDHHS 1986).

The Health Consequences of Involuntary Exposure to Tobacco Smoke

Lubin’s (1999) calculations led to a similar conclusion.
Thus, the strength of the secondhand smoke and lung
cancer association is consistent with current knowl-
edge of dosimetry and exposure-response relation-
ships among active smokers. Studies of active smoking
and lung cancer risk have consistently demonstrated
compelling exposure-response relationships (Blot and
Fraumeni 1986). As already discussed (see “Second-
hand Smoke Exposure in the Workplace” earlier in
this chapter), investigators have demonstrated
exposure-response relationships with various aspects
of secondhand smoke exposure, including duration
(e.g., years of spousal smoking and years of expo-
sure at work) and intensity (e.g., number of cigarettes
smoked by spouse, number of coworkers who smoked,
or hours of exposure per day) (Hackshaw et al. 1997;
Zhong et al. 2000). Most of the studies that reported
results separately on secondhand smoke and different
lung cancer histologic types show a stronger increase
in the risk of squamous cell and small cell carcinomas
than in the risk of adenocarcinoma. These findings
are compatible with the pattern of association found
in active smoking and lung cancer by histologic type
(Boffetta et al. 1999; Zhong et al. 2000).

The criterion of temporality requires that
secondhand smoke exposure antedate the onset of
cancer. Support for this criterion is provided by pro-
spective studies in which men and women initially
free of lung cancer were followed over varying time
intervals, and their risk differed in accordance with
a secondhand smoke exposure that was either self-
reported (e.g., spousal smoking history) or deter-
mined by a biologic marker of exposure (e.g., urinary
cotinine levels) (de Waard et al. 1995).

Despite the extent of the evidence and its con-
sistency, coherence, and temporality, the causal asso-
ciation between secondhand smoke exposure and
lung cancer risk has been continuously questioned
because of concerns related to various biases (see
“Use of Meta-Analysis” in Chapter 1). Much of the
criticism has come from the tobacco industry around
the association of secondhand smoke with lung can-
cer (Drope and Chapman 2001; Muggli et al. 2001).
Public health researchers recognize the difficulties
inherent in studying exposures such as secondhand
smoke, where the RR associated with the exposure
is anticipated to be small and the exposure is com-
mon. Two comprehensive commentaries on this topic
reviewed four primary concerns related to studies of
secondhand smoke and lung cancer: confounding,
measurement error, misclassification, and publication
bias (Kawachi and Colditz 1996; Smith and Phillips
1996), and several reports have addressed publication
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bias specifically (Bero et al. 1994; Misakian and Bero
1998). These investigators independently concluded
that the observed increase in risk of lung cancer
associated with secondhand smoke exposure can-
not be “explained” by these inherent methodologic
limitations.

One concern raised has been that secondhand
smoke itself may not be causally related to lung can-
cer, but that the association reflects confounding by
factors that are causally linked to lung cancer. In
cross-sectional studies of nonsmoking women, some
investigators observed a higher risk profile for poten-
tial confounding factors such as a higher alcohol
intake, a lower intake of vitamin supplements and
dietary sources of various antioxidants, and a higher
body mass index among women exposed to second-
hand smoke compared with unexposed women (Koo
et al. 1987; Matanoski et al. 1995; Kawachi and Colditz
1996). Other investigators, however, have not found
these differences (Cardenas et al. 1997; Steenland et
al. 1998; Curtin et al. 1999; Forastiere et al. 2000), and
the relevance of these studies that investigated cur-
rent patterns of association of possible confounders
with secondhand smoke exposure to patterns from
previous decades is uncertain. More important, unlike
studies of heart disease where numerous risk factors
have been identified, there are few true potential con-
founders for studies of secondhand smoke and lung
cancer (Kawachi and Colditz 1996). Although many
of the earlier studies of secondhand smoke and lung
cancer did not consider lifestyle variables such as diet
in the statistical analysis, most of the larger studies
published since the 1990s have accounted for these
factors and have found that the effect of secondhand
smoke remained after adjusting for them (Stockwell
et al. 1992; Fontham et al. 1994; Cardenas et al. 1997;
Boffetta et al. 1998; Jockel et al. 1998; Nyberg et al.
1998a; Zhong et al. 1999; Kreuzer et al. 2000; Lee et
al. 2000; Wang et al. 2000; Seow et al. 2002). Finally,
in a comprehensive investigation of the possible con-
founding effect of dietary factors (intake of fruits, veg-
etables, and dietary fat) that included data from nearly
20 studies on this topic, Fry and Lee (2001) concluded
that the pooled RR for secondhand smoke exposure
and lung cancer was negligibly altered after allowing
for these potential dietary confounders.

In analyses of workplace secondhand smoke
exposures, occupational exposures to other carcino-
gens may also confound this association. However,
Zhong and colleagues (1999) documented that the
strong association between workplace secondhand
smoke exposure and lung cancer risk remained

444 Chapter 7

even after making additional adjustments for other
occupational exposures. The comparable effects of
secondhand smoke exposure from spouses and from
the workplace on risk also argue against uncon-
trolled potential confounding as an explanation for
the observed association, because the same set of con-
founders is unlikely to be operative for both exposure
settings.

Because secondhand smoke exposure is ubiqui-
tous, some investigators have expressed concern that
exposure measurement error (or misclassification)
affects estimates, particularly in studies that do not
ascertain exposures outside the home. In fact, ideally,
the exposure assessment would cover all environ-
ments where exposures occur so the total exposure
could be estimated. Although a questionnaire remains
the only feasible method for assessing these long-term
exposures, some investigators have made concerted
international efforts to validate and test the reliability
of other instruments (Riboli et al. 1990). For example,
many of the questions and approaches used in the
IARC collaborative study have been adopted, modi-
fied, and used in subsequent case-control studies on
secondhand smoke and lung cancer (Riboli et al. 1990).
Almost all of the studies reviewed (see “Cohort Stud-
ies” earlier in this chapter), and other studies pub-
lished since the 1990s, have included a comprehensive
assessment of all sources of secondhand smoke expo-
sure during childhood and adulthood. Of the more
than 20 studies investigating secondhand smoke and
lung cancer that included assessments of exposures at
work and in social settings, most found an increased
risk of lung cancer comparable to the risk associated
with spousal smoking (NCI 1999; USDHHS 2001).
Thus, the total risk of exposure was likely underesti-
mated in studies that investigated only spousal smok-
ing or single sources of exposures. The increased risk
of lung cancer in relation to increased urinary coti-
nine levels among nonsmokers was documented in
a Dutch cohort study (de Waard et al. 1995). Using
a biomarker to classify past exposure, the investiga-
tors confirmed that secondhand smoke exposure is
causally related to lung cancer risk among nonsmok-
ers. Interestingly, results from this single study sug-
gest a twofold increased risk of lung cancer among
nonsmokers associated with an objective marker of
exposure. The lower risk estimate associated with
secondhand smoke exposure in questionnaire-based,
case-control studies may be attributable to a misclas-
sification of exposures from self-reports, although
a single cotinine measurement is an imprecise mea-
sure of exposure. Overall, random misclassification of



exposure in a particular environment or of an overall
estimate would tend to bias estimates of risk from the
true value toward the null.

A second type of misclassification error, fre-
quently cited by tobacco industry-funded experts (Lee
1992), is potential misclassification from the claim by
some current or former smokers that they are life-
time nonsmokers and that the observed increase in
risk from involuntary smoking is really attributable
to their former (or current) smoking. This potential
bias has been repeatedly considered and found not
to explain the association of lung cancer with second-
hand smoke (Wu 1999). Recent studies have confirmed
that the proportion of former smokers who classify
themselves as lifetime nonsmokers is low (Nyberg
et al. 1997). Several investigators have also demon-
strated that the proportion of nonsmokers misclassi-
fied as those who had ever smoked (based on cotinine
measurements) is low (Riboli et al. 1990; Wu 1999). In
the only case-control study of secondhand smoke and
lung cancer among reported lifetime nonsmokers that
also determined urinary cotinine levels as a marker
of recent exposure to tobacco smoke, 0.6 percent of
cases and 2.3 percent of controls were considered to
be misclassified as lifetime nonsmokers because their
urinary cotinine levels exceeded the designated limit
for involuntary smoking only (Fontham et al. 1994).
Nyberg and colleagues (1998a) also showed that the
risk of lung cancer among misclassified smokers was
low. These findings are consistent with the conclu-
sion of the NRC that smoker misclassification cannot
explain the secondhand smoke effect on lung cancer
risk among lifetime nonsmokers (NRC 1986). The
EPA reached a similar conclusion in its risk assess-
ment analysis (USEPA 1992).

Publication bias, or the failure to publish findings
construed as “negative” or that are not statistically sig-
nificant, has also been raised as a concern. For exam-
ple, if the apparent association between secondhand
smoke and lung cancer reflects the failure of investiga-
tors to publish negative findings from studies that do
not find an increased risk associated with secondhand
smoke, the omission of such unpublished findings can
skew the conclusions of meta-analyses (Copas and Shi
2000). Vandenbroucke (1988) conducted a formal sta-
tistical analysis and found no evidence of a selective
publication bias. Woodward and McMichael (1991)
searched for unpublished data on secondhand smoke
by contacting the tobacco industry and investigators
listed in the Directory of Ongoing Research in Cancer
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Epidemiology and found few unpublished studies on
secondhand smoke. Other investigators who reached
similar conclusions reported a publication delay for
studies with nonsignificant results, but with no evi-
dence of a publication bias in the peer-reviewed litera-
ture (Bero et al. 1994; Misakian and Bero 1998). Copas
and Shi (2000) again raised the question of publica-
tion bias in their analysis. They estimated that allow-
ing for a publication bias could reduce a pooled RR of
1.25 associated with exposure to secondhand smoke
and lung cancer to 1.15. However, this calculation
assumes that 40 percent of all studies on lung can-
cer have not been published. As already mentioned,
because unpublished studies have yet to be identified,
this assumption is inappropriate.

This report, published 20 years after the 1986
report, again concludes that involuntary smoking
causes lung cancer in lifetime nonsmokers. The evi-
dence was judged sufficient in 1986, and there is even
greater certainty now, reflecting the substantial new
research published since 1986 that has reduced uncer-
tainties related to mechanistic considerations and to
methodologic issues in the epidemiologic studies. The
body of epidemiologic research now includes a num-
ber of large studies that were designed specifically
to limit misclassification and confounding. The esti-
mated risk for lung cancer associated with involun-
tary smoking has changed little as new evidence has
become available.

Conclusions

1. The evidence is sufficient to infer a causal
relationship between secondhand smoke exposure
and lung cancer among lifetime nonsmokers.
This conclusion extends to all secondhand smoke
exposure, regardless of location.

2. The pooled evidence indicates a 20 to 30 percent
increase in the risk of lung cancer from secondhand
smoke exposure associated with living with a
smoker.

Implications

Eliminating or reducing secondhand smoke
exposure at home, in the workplace, and in other pub-
lic settings will reduce the risk of lung cancer among
lifetime nonsmokers.
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Other Cancer Sites

Active smoking is firmly established as a causal
factor of cancer for a large number of sites includ-
ing lung, urinary tract, upper aerodigestive tract,
liver, stomach, pancreas, and many others (USDHHS
2004; Vineis et al. 2004). The absence of a threshold
for carcinogenesis in active smoking (i.e., a level of
smoking that does not increase the risk of cancer),
the presence of the same carcinogens in mainstream
and sidestream smoke, and the demonstrated uptake
of tobacco smoke constituents by involuntary smok-
ers are compelling arguments for the hypothesis that
secondhand smoke would increase the risk of cancer in
other smoking-related sites in nonsmokers. The role of
secondhand smoke in the risk of cancers among non-
smokers has been investigated mainly for lung can-
cer, with considerably less data on other cancer sites.
However, for some sites the evidence is now sufficient
to warrant review and evaluation. The discussion that
follows reviews studies on involuntary smoking and
three adult cancers for which the evidence are most
abundant: breast cancer, cervical cancer, and nasal
sinus/nasopharyngeal cancer. The chapter covers all
investigations of secondhand smoke in relation to
breast cancer, a site that was also addressed in the
2001 report (USDHHS 2001).

Breast Cancer

The role of tobacco smoke in the etiology of
breast cancer has been investigated in numerous epi-
demiologic studies since the 1960s (USDHHS 2001).
Studies have addressed the risk of active smoking in
current and former smokers and the risk of involun-
tary smoking in lifetime nonsmokers. Several recent
reports have considered the evidence on active
and involuntary smoking and breast cancer risk
(USDHHS 2001, 2004; Cal/EPA 2005).

There is substantial evidence that active smok-
ing is not associated with an increased risk of breast
cancer in studies that compare active smokers with
persons who have never smoked (Hamajima et al.
2002). In a pooled analysis of data from 53 studies, the
RR for women who were current smokers versus life-
time nonsmokers was 0.99 (95 percent CI, 0.92-1.05)
for 22,255 cases and 40,832 controls who reported not
drinking alcohol. The effect of smoking did not vary
by menopausal status.
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In spite of this overall null finding, active
smoking could be involved in breast cancer risk. Active
smoking may have effects on breast cancer develop-
ment that tend to increase and decrease risk; tissues of
smokers are exposed to carcinogens but smoking has
antiestrogenic effects (USDHHS 2004). Carcinogens in
tobacco smoke, such as 3-4 benzo[a]pyrene, and their
metabolites are distributed systemically, and many
known tobacco carcinogens, including heterocyclic
aromatic amines, polycyclic aromatic hydrocarbons,
and arylamines, are also mammary mutagens and
carcinogens (Nagao et al. 1994; Dunnick et al. 1995;
El-Bayoumy et al. 1995). Convincing data document
that constituents of cigarette smoke reach tissues out-
side of the respiratory system, including the breast.
For example, mutagens from cigarette smoke have
been found in nipple aspirates of nonlactating female
smokers, and nicotine levels in breast fluid tend to
increase with the daily amount smoked (Petrakis et al.
1978, 1988). Aromatic DNA adducts that are charac-
teristic of tobacco smoke exposure have been found in
normal breast tissues of breast cancer patients but not
in healthy women without cancer (Li et al. 1996).

However, tobacco smoking also has antiestro-
genic consequences; it is consistently associated with
an earlier age at menopause and a lower risk of endo-
metrial cancer (USDHHS 2001, 2004). Smokers have
lower urinary estrogen levels (MacMahon et al. 1982)
and increased estradiol 2-hydroxylation, resulting in
less urinary excretion of estriol relative to estrone in
smokers compared with nonsmokers (Michnovicz
et al. 1986). However, uncertainty remains concern-
ing the influence of tobacco smoke on blood estrogen
levels, and the evidence is not consistent (Key et al.
1991, 1996; Terry and Rohan 2002). Nonetheless, the
information on smoking and hormones has led to the
hypothesis that the antiestrogenic effects of active
smoking, but not of involuntary smoking, may obscure
an increase in breast cancer risk that would otherwise
result from the carcinognens in tobacco smoke. Thus,
researchers have hypothesized that the dual carcino-
genic and antiestrogenic effects of tobacco smoking
may counteract and potentially balance influences on
breast cancer risk (Palmer and Rosenberg 1993).

When considering the biologic plausibility of
a causal association of secondhand smoke exposure
with breast cancer, the evidence on active smoking is



critical. The absence of an established and consistent
relationship between active smoking and breast cancer
in epidemiologic studies weakens the biologic plausi-
bility of a possible causal association of involuntary
smoking with breast cancer. Other conditions caused
by secondhand smoke exposure, such as lung cancer
and coronary heart disease (CHD), are strongly and
causally related to active smoking. Evidence on the
association between active smoking and breast cancer
risk was reviewed thoroughly in the Surgeon Gener-
al’s reports of 2001 and 2004 (USDHHS 2001, 2004).
The reports addressed both the biologic basis for a
possible association and the findings of epidemiologic
studies. These reviews considered large, well-designed
studies published in the 1990s that investigated risk
patterns among various meaningful subgroups and
carefully considered the role of potential confounders.
These reports concluded that the weight of epidemio-
logic evidence strongly suggests that active smoking
is not causally related to breast cancer risk. A similar
conclusion was reached by IARC in its 2004 mono-
graph on smoking (IARC 2004). Possibly, the dose-
response relationship for tobacco smoke and breast
cancer might be complex and nonlinear, such that the
doses associated with secondhand smoke cause breast
cancer and the far greater doses from active smoking
do not. There is neither mechanistic nor empiric evi-
dence supporting this possibility.

The absence of a net increase in breast cancer
risk among active, female smokers does not exclude
the possibility that certain subgroups of women may
be at an increased risk because of genetic or other
factors. However, such groups have yet to be consis-
tently identified (USDHHS 2004). Studies continue
on active smoking and breast cancer risk. There are
recent reports of elevated RRs in smokers in some
recent studies, notably in two large prospective cohort
studies. In the Nurses Health Study II (NHS-II) cohort
of young women (aged 25 through 42 years at the
time of enrollment), there was an association between
20 or more years of active smoking and a significant
21 percent increase in risk (Al-Delaimy et al. 2004).
In the California Teachers Study, current smokers
showed a statistically significant increase in risk of
30 percent compared with lifetime nonsmokers
(Reynolds et al. 2004). Nonetheless, sufficient evi-
dence has not accumulated since 2004 to suggest that
the conclusions of the Surgeon General’s report and
the TARC monograph should be revised, and the pos-
sibility of selective reporting of positive associations
for active smoking needs to be considered when inter-
preting these recent reports.
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Since the 1980s, studies have also examined the
relationship between secondhand smoke exposure
and breast cancer risk. One of the first reports was
based on Hirayama's (1984) cohort study in Japan—the
same cohort that provided evidence on involuntary
smoking and lung cancer. Horton (1988) hypoth-
esized a role for secondhand smoke in the etiology
of breast cancer on the basis that countries with high
male mortality rates of lung cancer generally had high
rates of breast cancer, and countries with low rates of
lung cancer had low rates of breast cancer. Another
ecologic study that investigated the relationship
between female breast cancer and male lung cancer
in five countries found little support for this hypoth-
esis (Williams and Lloyd 1989). Substantial data from
cohort and case-control studies that directly address
the hypothesis have now been published. Seven pro-
spective cohort studies (Hirayama 1984; Jee et al. 1999;
Wartenberg et al. 2000; Nishino et al. 2001; Egan et al.
2002; Reynolds et al. 2004; Hanaoka et al. 2005) and
14 case-control studies (Sandler et al. 1985a,b; Smith
et al. 1994; Morabia et al. 1996, 2000; Millikan et al.
1998; Lash and Aschengrau 1999, 2002; Zhao et al.
1999; Delfino et al. 2000; Johnson et al. 2000; Liu et
al. 2000; Kropp and Chang-Claude 2002; Gammon
et al. 2004; Shrubsole et al. 2004; Bonner 2005) offer
information on secondhand smoke and breast can-
cer. Several reports described findings using different
measures of secondhand smoke exposure and breast
cancer risk (Hirayama 1984; Wells 1991; Sandler et al.
1985a,b; Morabia et al. 1996, 2000; Millikan et al. 1998;
Marcus et al. 2000). As for secondhand smoke and
lung cancer, studies of breast cancer should include
a comprehensive assessment of lifetime secondhand
smoke exposure and adequate controls for potential
confounders. However, the approaches to exposure
assessment vary among the studies, and consideration
of confounding has also been variable.

Several reports have evaluated the evidence on
secondhand smoke exposure and breast cancer risk.
The 1986 IARC monograph commented on the general
issue of causation of cancer by secondhand smoke: “It
is unlikely that any effects will be produced in passive
smokers that are not produced to a greater extent in
smokers and that types of effects that are not seen in
smokers will not be seen in passive smokers” (IARC
1986, p. 314). The IARC monograph on involuntary
smoking, published in 2004, concluded that the evi-
dence did not support a causal association between
breast cancer and secondhand smoke (IARC 2004).
The 2001 Surgeon General’s report also addressed the
topic. The report considered cohort and case-control
studies on involuntary smoking and breast cancer
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and found that the issue had not been “resolved”
(USDHHS 2001, p. 217). Most recently, the 2005 report
of the California EPA (Cal/EPA) found the evidence
to be conclusive for secondhand smoke as a cause of
premenopausal breast cancer (Cal/EPA 2005).

The following section describes the prospective
cohort and case-control studies on involuntary smok-
ing and breast cancer. Whenever available, results on
active smoking and breast cancer in the same study
population are shown so the findings on involuntary
and active smoking can be compared.

Prospective Cohort Studies

There are seven published prospective cohort
studies on secondhand smoke exposure and the risk
of breast cancer among lifetime nonsmoking women
(Table 7.8) (Hirayama 1984; Wells 1991; Jee et al. 1999;
Wartenberg et al. 2000; Nishino et al. 2001; Egan et
al. 2002; Reynolds et al. 2004; Hanaoka et al. 2005). In
these studies, exposure was classified based on infor-
mation collected at the start of follow-up. Because this
information was not updated in most of the studies,
exposure misclassification may have increased as
duration of the follow-up lengthened and the expo-
sure status of the participants changed. Some studies
only assessed spousal smoking; other studies cov-
ered additional sources of exposure, including during
childhood. Secondhand smoke exposure was not sig-
nificantly associated with breast cancer risk in these
studies, although two studies did find increased point
estimates of RR (Hirayama 1984; Jee et al. 1999), and a
third study found an increased risk in premenopausal
women (Hanaoka et al. 2005).

Hirayama (1984) published the first report based
on a population-based, prospective cohort in Japan.
Active and involuntary smoking statuses were based
on information supplied on enrollment and were not
updated. After 15 years of follow-up, this study iden-
tified 115 breast cancer deaths among women who
had never smoked. Lifetime nonsmoking women
whose husbands smoked had an increase in the RR
compared with women married to nonsmokers
(RR = 1.26 [95 percent CI, 0.8-2.0]) (Table 7.8). In a
further analysis of this data set, Wells (1991) reported
that the increased risk associated with the husband’s
smoking was more marked among women who were
younger than 60 years of age. The effect of active
smoking on breast cancer risk was similar to that
of involuntary smoking (RR = 1.28 [95 percent CI,
0.93-1.73]).

A similar increase in risk of breast cancer
associated with the husband’s smoking was reported
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in a Korean cohort study (Jee et al. 1999) (see “Lung
Cancer” earlier in this chapter). During three and
one-half years of follow-up, 138 women with breast
cancer were identified. The exposure status was fixed
based on baseline information. The risks of breast can-
cer were 1.2 (95 percent CI, 0.8-1.8) for nonsmoking
women married to former smokers and 1.3 (95 percent
CI, 0.9-1.8) for nonsmoking women married to current
smokers compared with nonsmoking women married
to nonsmokers. These investigators reported that the
RR increased significantly with the duration of the
husband’s smoking (>30 years), but details were not
provided. Information on active smoking and breast
cancer risk was also not reported in this study, but
smoking by women in Korea is still uncommon (Jee
et al. 1999, 2004).

The relationship between secondhand smoke
and breast cancer was investigated in the Japan Pub-
lic Health Center (JPHC)-based prospective cohort
study of 21,805 middle-aged women of whom 20,169
were lifetime nonsmokers (Hanaoka et al. 2005).
Participants completed a self-administered ques-
tionnaire and provided information about expo-
sure to secondhand smoke at home before and after
20 years of age. For exposure outside the home, such
as at work and other settings, participants were asked
about exposures of at least one hour per day, includ-
ing the frequency of exposure (e.g., almost never, one
to three days per month, one to four days per week,
almost every day). During the nine years of follow-
up, this information was not updated. After the nine
years, the investigators identified 180 breast cancers;
162 occurred in lifetime nonsmokers (Table 7.8).
Compared with lifetime nonsmokers who were not
exposed to secondhand smoke, women who were
exposed did not show a significant increase in the RR
(adjusted RR = 1.1 [95 percent CI, 0.8-1.6]). The RR
was 1.0 (95 percent CI, 0.7-1.4) for exposure at home
and 1.3 (95 percent CI, 0.9-1.9) for exposure outside of
the home (i.e., occupational and/or public exposure).
However, risk patterns differed by menopausal
status. Secondhand smoke exposure (residential
or occupational) was not associated with breast
cancer risk in postmenopausal women (n = 83)
(adjusted RR = 0.7 [95 percent CI, 0.4-1.0]) but it
was associated with an increased RR in premeno-
pausal women (n = 77) (adjusted RR = 2.6 [95 per-
cent CI, 1.3-5.2]). Exposures at home (adjusted
RR = 1.6 [95 percent CI, 0.9-2.7]) and outside of the
home (adjusted RR = 2.3 [95 percent CI, 1.4-3.8]) were
both associated with risk in premenopausal women.
Active smoking was associated with an increased



risk in this study population. The RR of breast can-
cer among current smokers was 1.9 (95 percent CI,
1.0-3.6) compared with lifetime nonsmokers without
secondhand smoke exposure. Researchers found an
association between active smoking and breast can-
cer only in premenopausal women (adjusted RR = 3.9
[95 percent CI, 1.5-9.9]) and not in postmenopausal
women (adjusted RR = 1.1 [95 percent CI, 0.5-2.5]).

This study included a comprehensive assessment
of secondhand smoke exposure. Childhood exposures
were not explored, but both residential and workplace
exposures were considered. There were differences
in the profiles of breast cancer risk factors across the
smoking exposure groups, but these profiles were not
explored by menopausal status. However, the esti-
mates of breast cancer risk associated with active and
involuntary smoking were adjusted for these factors.

In contrast, secondhand smoke exposure was not
associated with breast cancer risk in four other cohort
studies, including another study conducted in Japan
(Nishino et al. 2001) and three in the United States
(Wartenberg et al. 2000; Egan et al. 2002; Reynolds et
al. 2004). The third Japanese cohort study was con-
ducted in Miyagi Prefecture (see “Lung Cancer” ear-
lier in this chapter). During nine years of follow-up,
Nishino and colleagues (2001) identified 67 women
with breast cancer. The age-adjusted RR for breast
cancer was 0.58 (95 percent CI, 0.34-0.99) for women
whose husbands were smokers at baseline compared
with women married to nonsmokers. The reduced
risk in association with the husbands’ smoking was
unchanged but no longer statistically significant after
further adjustment for reproductive history and life-
style factors (multivariate-adjusted RR = 0.58 [95 per-
cent CI, 0.32-1.11]) (Table 7.8) (Nishino et al. 2001).
Smoking by other household members was also not
associated with breast cancer risk in this same popu-
lation (multivariate-adjusted RR = 0.81 [95 percent CI,
0.44-1.5]); an association between active smoking and
breast cancer risk was not reported.

Studies also investigated the relationship be-
tween secondhand smoke and breast cancer risk in
a group of women in the American Cancer Society’s
(ACS’s) Cancer Prevention Study I (CPS-II) cohort; this
study included 146,488 lifetime nonsmoking women
who were married only once and who were free of
cancer when they entered the study in 1982 (Warten-
berg et al. 2000). Exposures classified at baseline were
based on index participant and spousal reports and
were considered to be fixed. Breast cancer mortal-
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ity, not incidence, was the outcome measure in this
study. Mortality from breast cancer reflects not only
incidence, but factors determining survival. A total of
669 women who had died of breast cancer were iden-
tified after 12 years of follow-up. All of the RRs associ-
ated with different categories of secondhand smoke
exposure, including husbands’ current and former
smoking patterns, tobacco products used, number of
years and pack-years!, and timing of the exposure,
were close to unity with or without adjustment for
numerous dietary and nondietary covariates. Com-
pared with lifetime nonsmokers married to nonsmok-
ers, lifetime nonsmokers whose husbands were current
smokers (adjusted RR =1.0 [95 percent CI, 0.8-1.2])
or former smokers (adjusted RR = 1.0 [95 percent CI,
0.8-1.2]) did not have increased risks (Table 7.8). The
RR for breast cancer was not significantly associated
with secondhand smoke exposures at home (RR = 1.1
[95 percent CI, 0.9-1.3]), at work (RR = 0.8 [95 percent
CI, 0.6-1.0]), or in other places (RR = 0.9 [95 percent
CI, 0.7-1.2]). Exposures from all sources combined
were also not associated with breast cancer mortality
(RR = 1.0 [95 percent CI, 0.8-1.2]). The only observed
elevated risk was among women who were younger
than 20 years of age when they married smokers
(RR = 1.2 [95 percent CI, 0.8-1.8]). Using the results
from six years of follow-up of CPS-II participants,
Calle and colleagues (1994) observed that current
active smoking was associated with an increased risk
for breast cancer mortality. Women who were cur-
rent smokers at baseline showed an increased risk
(RR = 1.26 [95 percent CI, 1.05-1.50]) compared with
lifetime nonsmokers, but the RR did not increase
among former smokers (RR = 0.85 [95 percent CI,
0.70-1.03]).

Using data from the NHS, Egan and colleagues
(2002) investigated the relationship between second-
hand smoke exposure and breast cancer risk. Per-
sons who were eligible (n = 78,206) for participation
in the study included women who responded to the
baseline and subsequent questionnaires that assessed
dietary habits and secondhand smoke exposures,
including childhood and current adult exposures at
home, at work, and in other settings, as well as other
factors. Involuntary smoking was assessed at only
one time point (1982), while other information on
other risk factors was updated every two years. After
14 years of follow-up, the investigators identified
3,140 women with invasive breast cancer, of whom
1,359 were lifetime nonsmokers (Table 7.8) (Egan et

Pack-years = The number of years of smoking multiplied by the number of packs of cigarettes smoked per day.
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Table 7.8 Cohort studies of associations between exposures to secondhand smoke and the relative risks
for breast cancer incidence and mortality among women who had never smoked
Number of breast
Study Population/follow-up cancer events Data collection

Hirayama 1984
Wells 1991

Jee et al. 1999

Wartenberg et al.
2000

Nishino et al. 2001

Egan et al. 2002

91,540 wives who had never
smoked

6 prefectures in Japan

16 years

157,436 married women who
had never smoked

Health insurance subscribers
Korea

3.5 years

146,488 single-marriage women
who had never smoked
American Cancer Society

12 years

9,675 women who had never
smoked

Aged >40 years

Miyagi Prefecture (Japan)

9 years

78,206 women (35,193 who had
never smoked, 22,258 former
smokers, 20,755 current smokers)
Nurses Health Study

United States

14 years

115 breast cancer
deaths

138 (incident and
prevalent cases)

669 breast cancer
deaths

67 incident cases

3,140 invasive
breast cancer
(1,359 lifetime
nonsmokers)

Brief in-person interview at the time
of study enrollment

Husbands of women who had
never smoked completed medical
exams and questionnaires on active
smoking in 1992 and 1994

Women who had never smoked
completed questionnaires in 1993

Secondhand smoke questions were
based on active smoking histories
reported by spouses

Women reported the number of
hours per day they were exposed to
the smoke of others at home, at work,
and in other settings

Self-completed questionnaires on
lifestyle habits

Secondhand smoke questions asked
about smokers in the household
and, if so, whether husband, father,
mother, children, or other household
members smoked

Completed a 1976 baseline
questionnaire on reproductive factors
and active smoking, and follow-up
questionnaires every 2 years

The 1980 and 1982 questionnaires
asked about diet and secondhand
smoke exposure
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Measure of secondhand

Relative risk
(95% confidence

Findings smoke interval) Comments

e Effect of secondhand Husband’s smoking;: Controlled for age
smoke was similar to the Lifetime nonsmoker 1.0
effect of active smoking Ever smoked 1.26 (0.8-2.0)

e Risk increased Husband’s smoking;: Controlled for age of husbands and
significantly with Lifetime nonsmoker 1.0 wives, social class, residence, and
duration of husband’s Former smoker 1.2 (0.8-1.8) husband’s vegetable intake and
smoking (>30 years) Current smoker 1.3 (0.9-1.8) occupation; data on duration of

smoking were not reported; analyses
included incident and prevalent cases
¢ No increased risk Husband’s smoking;: Controlled for age, race, education,
with any source of Lifetime nonsmoker 1.0 family history, age at first live birth,
secondhand smoke Former smoker 1.0 (0.8-1.2) age at menarche, menopause, number
exposure Current smoker 1.0 (0.8-1.2) of spontaneous abortions, use of

* No dose-response Duration of smoking (years): oral contraceptives and hormone
relationships None 1.0 replacement therapy, body size, history

e Current active smokers 1-10 0.8 (0.6-1.2) of breast cysts, alcohol use, intake of
showed an increase in 11-20 0.7 (0.5-1.0) dietary fat and vegetables, and the
risk but former smokers 21-30 1.0 (0.7-1.3) occupation of the wife and her spouse;
did not >31 1.1 (0.9-1.4) there were no changes in results with

or without adjustments

e Inverse association Husband’s: Controlled for age; study area; alcohol,
between risk and Nonsmoker 1.0 fruit, and green/yellow vegetable
secondhand smoke Smoker 0.58 (0.32-1.1) intake; age at first birth; number of live

exposure based on the
smoking habits of the
husband and other
household members
No active smoking data

No association with any
sources of secondhand
smoke exposure—
results were similar in
premenopausal and
postmenopausal women
Very weak association
with active smoking

Other household members:
Nonsmoker
Smoker

Parental smoking;:

Neither

Mother only

Father only

Both parents
Current home/work
secondhand smoke
exposure:

None

Occasional

Regular (home or work)

Regular (home and work)

1.0
0.81 (0.44-1.5)

1.0

0.98 (0.70-1.38)
1.12 (0.99-1.27)
0.92 (0.76-1.13)

1.0

1.16 (0.98-1.36)
1.0 (0.83-1.20)
0.90 (0.67-1.22)

births; age at menarche; and body mass
index (BMI)

Controlled for age, age at menarche,
age at first birth and parity, history of
benign breast disease, family history of
breast cancer, menopausal status, age
at menopause, weight at 18 years of
age, adult weight change, adult height,
alcohol use, total carotenoid intake, and
use of menopausal hormones

Cancer Among Adults from Exposure to Secondhand Smoke
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Table 7.8 Continued

Study Population/follow-up

Number of breast
cancer events

Data collection

Reynolds et al. 2004 76,189 lifetime nonsmokers from
the California Teachers Study
Cohort

5 years

Hanaoka et al. 2005* 20,169 women who had never
smoked*

Recruited from 4 public health
centers in Japan

Japan Public Health Center
Cohort

Aged 40-59 years

9 years

1,150 incident breast
cancer

162 incident breast
cancer

Self-administered questionnaire
at the time of study enrollment to
determine household secondhand
smoke exposure during childhood
and adulthood

Self-administered questionnaire
at the time of study enrollment to
determine household secondhand
smoke exposure before and after
20 years of age; exposure at the
workplace and in other settings
(=1 hour/day) and frequency of
exposure

*The number 20,169 was listed in Table 1 of this paper. However, the number of lifetime nonsmokers in Table 2 added up to

20,193. (It is unclear why the numbers in the two tables differ.)

al. 2002). Almost all estimated RRs associated with
childhood and adulthood secondhand smoke expo-
sures were close to 1.0. The estimates were unchanged
with and without adjustment for a large number of
covariates. There was a small increase in the RR
associated with paternal smoking (adjusted RR = 1.12
[95 percent CI, 0.99-1.27]) but not with maternal smok-
ing (adjusted RR = 0.98 [95 percent CI, 0.70-1.38])
(Table 7.8). Current secondhand smoke exposures
were also unrelated to risk; the RR was 1.0 (95 percent
CI, 0.83-1.20) in association with regular secondhand
smoke exposure at home or at work and 0.90 (95 per-
cent CI, 0.67-1.22) for regular exposures in both set-
tings (Table 7.8). Similarly, the investigators found no
evidence that long-term adult exposures to household
smoke increased breast cancer risk (p for trend = 0.87);
the RR for living with a smoker as an adult for 30 or
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more years was 1.03 (95 percent CI, 0.86-1.24). The RR
of breast cancer among women with the highest levels
of secondhand smoke exposure as adults was similar
to that of women who reported no current exposure
to secondhand smoke (RR = 1.01 [95 percent CI, 0.80—
1.29]). The results were similar in premenopausal and
postmenopausal women. Active smoking was weakly
associated with a risk of breast cancer in this study.
Compared with lifetime nonsmokers, Egan and col-
leagues (2002) reported that the RR of breast cancer
was 1.04 (95 percent CI, 0.94-1.15) among current
smokers and 1.09 (95 percent CI, 1.00-1.18) among
former smokers. A modest increase in the RR was con-
fined to women who initiated active smoking before
17 years of age (RR = 1.19 [95 percent CI, 1.03-1.37]).
This large prospective study assessed childhood and
adulthood household and workplace secondhand
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Measure of secondhand

Relative risk
(95% confidence

Findings smoke interval) Comments

* No significant positive Household: Controlled for age, race, family history
association between Never exposed 1.0 of breast cancer, age at menarche, parity,
breast cancer risk and Childhood only 0.92 (0.78-1.07) age at first full-term pregnancy, physical
secondhand smoke Adulthood only 0.94 (0.79-1.12) activity, alcohol use, BMI, menopausal
exposure during Childhood and 0.93 (0.79-1.09) status, and use of hormone therapy
childhood and/or adulthood
adulthood

* Results were similar
in premenopausal,
perimenopausal, and
postmenopausal women

* No significant positive All participants Controlled for study area, age,
association between Household/work: employment status, education, BMI,
household and/or No 1.0 family history of breast cancer, parity,
workplace exposure and Household 1.0 (0.7-1.4) age at menarche, alcohol intake,
breast cancer risk in all Workplace 1.3 (0.9-1.9) menopausal status (in a combined
participants combined analysis), history of benign breast

e Household and Premenopausal: disease, and hormone use
workplace exposures No 1.0
were associated with a Household 1.6 (0.9-2.7)
significantly increased Workplace 2.3(1.4-3.8)
risk in premenopausal
women; a reduced risk Postmenopausal:
in postmenopausal No 1.0
women was Household 0.7 (0.4-1.1)
nonsignificant Workplace 0.4 (0.2-1.0)

smoke exposures. Almost all of the risk estimates
associated with adulthood exposure were near unity,
regardless of the duration of exposure.

The relationship between secondhand smoke
and breast cancer risk was investigated in the Califor-
nia Teachers Study, which included 116,544 women
who had no personal history of breast cancer and
who completed a baseline questionnaire in 1995 to
determine their active and involuntary smoking sta-
tus (Reynolds et al. 2004). That analysis was limited
to the 77,708 members who were lifetime nonsmok-
ers (i.e., smoked fewer than 100 cigarettes during their
lifetime) and who responded to questions on house-
hold secondhand smoke that covered both childhood
and adulthood. A total of 1,150 breast cancers were
identified in lifetime nonsmokers after five years of
follow-up. Lifetime nonsmokers were categorized

as unexposed, only exposed during childhood, only
exposed during adulthood, or exposed during both
childhood and adulthood. All of the RRs associated
with secondhand smoke exposure were close to unity
after adjustment for various reproductive factors and
nondietary covariates. The RR of breast cancer was
0.92 (95 percent CI, 0.78-1.07) among women with
only childhood household secondhand smoke expo-
sure, 0.94 (95 percent CI, 0.79-1.12) among women
with only adulthood household secondhand smoke
exposure, and 0.93 (95 percent CI, 0.79-1.09) among
women with both exposures compared with unex-
posed lifetime nonsmokers. Results were very simi-
lar for premenopausal/perimenopausal (n = 254)
and postmenopausal (n = 778) women (Table 7.8). In
contrast, active smoking was associated with breast
cancer risk. Compared with lifetime nonsmokers with
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no secondhand smoke exposure, the RR of breast can-
cer was 1.03 (95 percent CI, 0.89-1.18) among former
smokers and 1.25 (95 percent CI, 1.02-1.53) among
current smokers. However, the increased risk among
current smokers was restricted to women who were
postmenopausal at baseline (adjusted RR = 1.21
[95 percent CI, 0.95-1.54]) and was not observed
among women who were premenopausal or peri-
menopausal at baseline (adjusted RR = 0.96 [95 per-
cent CI, 0.55-1.68]). One limitation of this large,
prospective cohort study is that information on work
place secondhand smoke exposure was not assessed.
In addition, this analysis was limited to relatively
crude measures of childhood and adulthood house-
hold secondhand smoke exposures.

Case-Control Studies

Fourteen case-control studies have investigated
the association between secondhand smoke exposure
and arisk of breast cancer among lifetime nonsmokers.
These studies were conducted in the United Kingdom
(Smith et al. 1994), Switzerland (Morabia et al. 1996,
2000), Germany (Kropp and Chang-Claude 2002), the
United States (Sandler et al. 1985a; Millikan et al. 1998;
Lash and Aschengrau 1999, 2002; Delfino et al. 2000;
Marcus et al. 2000; Gammon et al. 2004; Bonner et al.
2005), Canada (Johnson et al. 2000), and China (Zhao
1999; Liu et al. 2000; Shrubsole et al. 2004) (Table 7.9).

The first study thatincluded data on secondhand
smoke exposures during childhood and adulthood
and the risk of breast cancer among lifetime non-
smokers was a hospital-based, multicancer site study
conducted in North Carolina (Sandler et al. 1985a).
The analysis on adult secondhand smoke exposures
was based on 59 breast cancer cases and 330 controls;
32 cases and 178 controls were nonsmokers. Second-
hand smoke exposure based on the husbands” smok-
ing was associated with an increased RR of breast
cancer among nonsmokers (OR = 2.0 [95 percent CI,
0.9-4.3]) (Sandler et al. 1985a). The risk of breast can-
cer in relation to secondhand smoke exposure during
childhood was investigated using a slightly smaller
set of participants (52 breast cancer cases, 312 con-
trols) (Sandler et al. 1985b). The risk of breast cancer
among nonsmokers was not associated with mater-
nal (OR = 0.9) or paternal (OR = 0.9) smoking. On
the basis that 27 out of 59 breast cancer patients and
152 out of 330 controls were active smokers, the crude
OR for active smoking calculated in one report was

1.0 (Sandler et al. 1985b). Methodologic limitations of
the study included the use of a control group of friends
and acquaintances with no adjustment for reproduc-
tive factors (only age, race, and education were con-
sidered), and the small number of nonsmokers among
the breast cancer cases.

A second study on this topic was conducted as
part of the United Kingdom National Case-Control
Study Group, which was originally designed to inves-
tigate the relationship between oral contraceptive use
and breast cancer risk in young women (Smith et al.
1994). Although the original study (755 case-control
pairs) was not designed to evaluate the role of second-
hand smoke, Smith and colleagues (1994) were able
to successfully recontact approximately one-third
of the participants (208 cases with breast cancer and
201 healthy controls) who completed a questionnaire
on exposures to secondhand smoke during childhood
and adulthood (partner/spouse, cohabitant, work-
place). Complete data for 204 cases and 199 controls
from the original 755 pairs were available for the
exposure analysis. The association between second-
hand smoke exposure and breast cancer risk was
investigated among nonsmokers (94 cases, 99 con-
trols) after controlling for various potential confound-
ers. The investigators estimated an associated OR of
1.32 (95 percent CI, 0.16-10.8) for childhood exposure
only, 3.13 (95 percent CI, 0.73-13.31) for adulthood
exposure only, and 2.63 (95 percent CI, 0.73-9.44) for
both time periods combined compared with unex-
posed nonsmokers (Table 7.9) (Smith et al. 1994). There
was no evidence of an exposure-response relationship
with cigarette-years? of exposure during childhood,
from partners in adulthood, or at work. In the parent
case-control study, active smoking was not associ-
ated with a risk of breast cancer (adjusted OR = 1.01
[95 percent CI, 0.81-1.26]) (Smith et al. 1994).

Morabia and colleagues conducted a study of
secondhand smoke and breast cancer risk in Switzer-
land (Morabia et al. 1996, USDHHS 2001). The study
included 244 women with breast cancer (cases) and
1,032 healthy controls from the general population, of
whom 126 cases and 620 controls were lifetime non-
smokers (Table 7.9). The data collection attempted
a complete assessment of active smoking and
secondhand smoke exposure. Specifically, active
smoking and secondhand smoke exposure histories
were recorded year by year from 10 years of age to
the date of the interview. Those who were classified as
active smokers were women who had smoked at least

Cigarette-years = The number of years of smoking multiplied by the number of cigarettes smoked per day.
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100 cigarettes in their lifetime; those who had smoked
regularly during the two years before the study inter-
view were categorized as current smokers. Second-
hand smoke exposure was defined as an exposure
lasting at least one hour per day during one year or
more either at home, at work, or during leisure time
(Morabia et al. 1996).

This study showed that several measures of
secondhand smoke exposure were associated with
at least a doubling of breast cancer risk after adjust-
ing for relevant covariates. Morabia and colleagues
(1996) found that compared with lifetime nonsmokers
who had never been exposed to secondhand smoke
in this classification approach (28 cases, 241 controls),
nonsmokers with exposure from spousal smoking
(adjusted OR = 2.6 [95 percent CI, 1.6-4.3]) or from
all sources combined including at home, at work, or
during leisure time (adjusted OR = 2.3 [95 percent CI,
1.5-3.7]) had an increased risk of breast cancer. How-
ever, there was little difference in risk between those
withhigh exposures (>50hours per day-years®adjusted
OR =2.5[95 percent CI, 1.5-4.2]) and those with lower
exposures (1 to 50 hours per day-years adjusted OR =
2.2 [95 percent CI, 1.3-3.7]). The RRs associated with
active smoking were stronger than those associated
with secondhand smoke when lifetime nonsmok-
ers with no secondhand smoke exposure served as
the baseline comparison group: for active smokers,
the ORs were 2.4 (1 to 9 cigarettes per day), 3.6 (10 to
19 cigarettes per day), and 3.7 (=20 cigarettes per day,
p trend = 0.09).

Using this parental case-control study, Mora-
bia and colleagues (2000) conducted a substudy to
investigate whether the N-acetyltransferase 2 (NAT2)
genotype influenced the effects of smoking on breast
cancer risk. The investigators hypothesized that the
association between secondhand smoke and breast
cancer would be modified by the NAT2 genotype,
which some studies of active smoking have found to
be associated with cancer risk. Researchers contacted
cases and a subset of controls who were still alive in
1996-1997 (n = 205) and asked them to provide a buc-
cal cell swab for DNA analysis. Data were available
on active smoking, secondhand smoke exposure, and
the NAT2 genotyping for 160 cases and 162 controls
(Morabia et al. 2000).

Morabia and colleagues (2000) showed that,
compared with lifetime nonsmokers with no exposure
to secondhand smoke, lifetime nonsmokers exposed
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to secondhand smoke had an increased risk of breast
cancer regardless of the NAT2 genotype. The OR
was 1.9 (95 percent CI, 0.7-4.6) for persons with the
NAT?2 slow acetylation genotype and 5.9 (95 percent
CI, 2.0-17.4) for those with the NAT2 fast acetyla-
tion genotype. Compared with unexposured lifetime
nonsmokers, current active smokers with the NAT?
slow acetylator genotype had an OR of 2.7 (95 percent
CI, 1.1-6.6), and those with the fast genotype had an
OR of 4.2 (95 percent CI, 1.5-12.0). The researchers
interpreted these findings as supportive of a role for
secondhand smoke in causing breast cancer because
the increased risks associated with both active smok-
ing and secondhand smoke exposure were more
apparent among NAT? fast acetylators. However, the
evidence that the NAT2 genotype influences breast
cancer risk among active smokers is weak. Although
one small study suggested an increased risk of breast
cancer among women who were both active smokers
and slow NAT2 acetylators (Ambrosone et al. 1996),
this finding has not been confirmed in subsequent,
larger studies (Hunter et al. 1997, 1998; Millikan et
al. 1998).

Lash and Aschengrau (1999) investigated the
role of secondhand smoke and breast cancer using a
population-based case-control study that was origi-
nally designed to evaluate the role of various environ-
mental contaminants on the risk of multiple cancers,
including breast cancer (Aschengrau et al. 1996). A
total of 265 women with breast cancer and 765 con-
trols were included in the study that investigated an
association between active and involuntary smoking
and breast cancer risk (Lash and Aschengrau 1999).
Of the parental study participants, 120 cases and
406 controls were lifetime nonsmokers.

Cases and controls were categorized by their
active cigarette smoking history and, among life-
time nonsmokers, by residential secondhand smoke
exposure with consideration of age at first exposure
(secondhand smoke exposures outside of the home
were not assessed). Compared with lifetime nonsmok-
ers who reported no secondhand smoke exposure
(40 cases, 139 controls), those with any secondhand
smoke exposure had a significantly increased risk
of breast cancer (adjusted OR = 2.0 [95 percent CI,
1.1-3.7]) (Table 7.9) (Lash and Aschengrau 1999). Risk
did not increase with an increase in the duration of
exposure (adjusted OR = 3.2 [95 percent CI, 1.5-7.1]
for 1 to 20 years and 2.1 [95 percent CI, 1.0-4.1] for

*Day-years = The sum of hours per day exposed to secondhand smoke multiplied by the number of years of all episodes of
secondhand smoke exposure, whether at home, at work, or during leisure time.
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Table 7.9 Case-control studies of the association between exposures to secondhand smoke and relative
risks for breast cancer incidence and mortality among women who had never smoked
Study Population Cases Controls Data collection
Sandler et al. Hospital based 59 330 friends or from Mailed questionnaire
1985a Aged 15 and 59 years 32 lifetime telephone lists
United States nonsmokers 178 lifetime
(North Carolina) nonsmokers
1979-1981
Smith et al. Aged =36 years 204 199 In-person interview
1994 Only 3 out of 11 health 94 lifetime 99 lifetime for all lifestyle factors;
regions were included in the  nonsmokers nonsmokers mailed questionnaire
study on secondhand smoke
United Kingdom exposure
1982-1985
Morabia et al. Population-based 244 1,032 In-person interview,
1996 Aged 30-74 years 126 lifetime 620 lifetime detailed lifetime history
Resident of Geneva in nonsmokers nonsmokers on active smoking and
Switzerland secondhand smoke
1992-1993 exposure
Millikan etal. ~ Population-based registry 498 473 In-person interviews
1998 Aged 20-74 years 248 lifetime 253 lifetime Classified as exposed if
United States nonsmokers nonsmokers (sources  the participant was
(North Carolina) were drivers’ licenses ~ >18 years of age when
Included only persons or HCFA?) living with a smoker
enrolled between 1993 and
1996 who granted home
interviews and gave blood
samples
Lash and State cancer registry 265 765 Mix of in-person and
Aschengrau 5 Massachusetts towns 120 lifetime 406 lifetime telephone interviews
1999 United States nonsmokers nonsmokers 33% of cases and 45% of
1983-1986 3 sources: RDD?, controls were interviews
HCFA, and deceased  with next of kin
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Measure of secondhand

Relative risk
(95% confidence

Findings smoke interval) Comments

¢ Husband’s smoking Husband smoked: Controlled for age, race, and
increased the risk; stronger No 1.0 education
among premenopausal Yes 2.0(0.9-4.3)
women

* No association with
parental smoking

¢ No association with active
smoking

¢ Partner’s and workplace Partner (cigarette-years®): Controlled for age (<32 years and
smoking were associated None 1.0 >32 years), region, menstrual

with increased risk

¢ No exposure-response
relationship

¢ No association with active
smoking

¢ Increased risk associated
with husband’s smoking

¢ Risk estimates were very
similar to those for all
sources of secondhand
smoke

o Little difference in risk
from intensity of exposure

e This analysis was based
on secondhand smoke
exposures occurring after
18 years of age

* No association with active
smoking

¢ No association with
N-acetyltransferase (NAT)

1 or NAT2 genotype and
risk

¢ Risk associated with
any secondhand smoke
exposure was as strong
or stronger than the
association with active
smoking

=1
Workplace exposure
(duration):
None
1-5 years
>6 years
Exposure by period:
None
Childhood only
Adulthood only
Childhood plus adulthood

None
All sources

Hours/day/years' (all sources):

1-50
>50

All lifetime nonsmokers:
No exposure
Exposed

By menopausal status:
Premenopausal

No

Yes
Postmenopausal

No

Yes

Residential exposure:
Never
Any

By duration (years):
<20
>20

1.58 (0.81-3.10)

1.0
1.66 (0.72-3.83)
1.35 (0.59-3.07)

1.0

1.32 (0.16-10.8)
3.13(0.73-13.3)
2.63 (0.73-9.4)

1.0
2.3 (1.5-3.7)

2.2 (1.3-3.7)
2.5(1.5-4.2)

1.0
1.3 (0.9-1.9)

1.0
1.5 (0.8-2.8)

1.0
1.2 (0.7-2.2)

1.0
2.0 (1.1-3.7)

3.2(1.5-7.1)
2.1 (1.0-4.1)

and reproductive factors, family
history, biopsy for breast disease,
and alcohol intake; role of
secondhand smoke was studied
in a subset of the total number
of cases (n = 755) and controls

(n = 755)

Controlled for age, education,
body mass index (BMI), age at
menarche, age at first live birth,
oral contraceptive use, family
history of breast cancer, and
history of a breast biopsy

Controlled for age, race, age at
menarche, AFTPS, parity, family
history, benign breast biopsy, and
alcohol intake; 889 cases and

841 controls were interviewed,

but this analysis included only
those who also gave blood samples

Controlled for age, BMI, family
history of breast cancer, history of
breast cancer other than the index
diagnosis and history of radiation
therapy, parity, and history of
benign breast disease; the number
of cases with previous breast cancer
and the number of cases/controls
with previous cancer and radiation
therapy were not specified
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Table 7.9 Continued
Study Population Cases Controls Data collection
Zhao et al. Hospital-based 265 265 No information was
1999 Aged 26-82 years 265 nonsmokers 265 nonsmokers presented except
Clinical diagnosis of breast (included family questions about a
cancer members, visitors, history of cigarette
China (Chengdu) friends, neighbors, smoking and exposure
1994-1997 other outpatients), to secondhand smoke
matched for
age, residence,
occupation, and
education
Active smoking Active smoking
status was given status was given
for 272 cases for 258 controls
(259 did not (252 did not smoke);
smoke); the the discrepancy was
discrepancy was not explained
not explained
Delfino et al. 3 breast cancer centers 113 278 All participants
2000 Recruitment was based 64 lifetime 147 lifetime completed a self-
on moderate/high clinical nonsmokers nonsmokers who administered risk factor
suspicion of breast cancer had benign masses questionnaire before the
United States histopathologically biopsy test
(Orange county, California)
Johnson et al. Aged 25-74 years Premenopausal Premenopausal Mailed questionnaire
2000 8 Canadian provincial tumor ~ women: women: Role of secondhand
registries 520 512 smoke was investigated
Canada 222 lifetime 229 lifetime among those with
1994-1997 nonsmokers nonsmokers information on
Postmenopausal Postmenopausal residential secondhand
women: women: smoke exposure for
895 1,012 at least 90% of their
386 lifetime 498 lifetime lifetimes and for whom
nonsmokers nonsmokers menopausal status and

active smoking status
were provided
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Measure of secondhand

Relative risk
(95% confidence

Findings smoke interval) Comments

e Significant positive Any exposure: Controlled for history of benign
association with any No 1.0 breast disease, breastfeeding, and
secondhand smoke Yes 2.49 (1.65-3.77) intake of soybean products
exposure

¢ No association with active All participants: Controlled for age, age at

smoking

¢ No association between
NAT?2 genotype and breast
cancer risk overall or by
smoking

e Active smoking/breast
cancer association
was weaker than the
secondhand smoke effect in
premenopausal women

No exposure
Any exposure
Premenopausal:
No exposure
Exposed
Postmenopausal:
No exposure
Exposed

Premenopausal:
None
Secondhand smoke only
Former smokers only
Current smokers
Postmenopausal:
None
Secondhand smoke only
Former smokers
Current smokers

1.0
1.32 (0.69-2.52)

1.0
2.69 (0.91-8.0)

1.0
1.01 (0.45-2.27)

1.0

2.3(1.2-4.6)
2.6 (1.3-5.3)
1.9 (0.9-3.8)

1.0

1.2 (0.8-1.8)
1.4 (0.9-2.1)
1.6 (1.0-2.5)

menarche, menopausal status,
AFTP, parity, total months of
pregnancy, lactation history,
education, race, ethnicity, family
history of breast cancer among
first- and second-degree relatives,
and BMI

Controlled for 10-year age groups,
province, education, BMI, alcohol
use, age at menarche, age at end

of first pregnancy of 5 months or
later, number of live births, months
of breastfeeding, and height
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Table 7.9 Continued
Study Population Cases Controls Data collection
Liuetal. 2000  Hospital-based 186 lifetime 186 lifetime In-person interview
Aged 24-55 years nonsmokers nonsmokers free of Household secondhand
Chongging, China cancer smoke exposure during
Matched for age childhood (aged
(£2 years) and date of <10 years), adolescence
admission (Women’s (aged 10-16 years),
Health Care and and adulthood; asked
Breast Surgery about the number of
Department) smokers and amount
smoked during each
time period; workplace
exposure: if worked
around smokers,
number of smokers, and
amount smoked
Marcus et al. Population-based registry 864 790 Exposures to
2000 (same study population as 445 lifetime 423 lifetime secondhand smoke
Millikan et al. 1998) nonsmokers nonsmokers before and after 18 years
United States of age were investigated
(North Carolina) in all participants and in
Included all participants lifetime nonsmokers
enrolled between 1993 and
1996
Kropp and Population-based 468 1,093 Telephone interviews
Chang-Claude  Aged <51 years 197 lifetime 459 lifetime (blinded to case/control
2002 Two regions in Southern nonsmokers nonsmokers (resident  status)
Germany 76.9% listing) Household exposure
Original study 1992-1996 premenopausal 2 controls matched during childhood and
Participants were to each case by age adulthood, and

recontacted in 1999-2000

and study region in
original study
81.1% premenopausal

workplace exposure;
many details collected
included number of
smokers, duration of
exposure (amount/day),
and years of exposure

Definition of “exposed”
was 1 hour a day for at
least 1 year
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Measure of secondhand

Relative risk
(95% confidence

No active smoking
association

Little change in findings
when secondhand smoke
exposures occurring
after 18 years of age were
considered

Significant positive
association with lifetime
exposure

No significant association
with childhood exposure
No significant effects from
the timing of exposure
(before or after first
pregnancy)

1-4 smokers

5-9 smokers

>10 smokers
p trend

Lifetime nonsmokers
<18 years of age:

No

Yes

Any:
No
Yes
Former smoker
Current smoker

Timing in life:
None
Childhood only
Adulthood only

Childhood and adulthood

Lifetime (hours/day; years):
1-50
>51

p trend

1.56 (0.95-2.56)
0.77 (0.33-1.78)
2.94 (1.26-6.99)
p <0.05

1.0
0.8 (0.6-1.1)

1.0

1.59 (1.06-2.39)
1.61 (1.08-2.39)
1.55 (1.00-2.40)

1.0

1.11 (0.55-2.27)
1.86 (1.16-2.98)
1.63 (1.03-2.57)

1.42 (0.90-2.26)
1.83 (1.16-2.87)
p = 0.009

Findings smoke interval) Comments
e Significant positive Household exposure Results remained statistically
association with household Childhood: significant in multivariate analyses
exposure during childhood None 1.0 (see text); analyses controlled
and adulthood; similar Light 0.69 (0.36-1.31) for secondhand smoke variables
results during youth but Medium 1.31 (0.73-2.33) simultaneously and other variables
not significant Heavy 1.64 (0.83-3.23) that included age at menarche,
Significant positive Very heavy 1.74(0.70-4.36)  body weight in childhood and
association with workplace  p trend p <0.05 adulthood, family income during
exposure youth, history of hospitalization,
Adulthood: benign breast disease, and stress
None 1.0
Light 0.47 (0.18-1.20)
Medium 1.64 (0.96-2.79)
Heavy 2.14 (0.88-5.25)
Very heavy 3.09 (0.98-10.3)
p trend p <0.01
Workplace exposure:
None 1.0

Controlled for race, age, age at
diagnosis and selection, and
sampling design

Stratified by age (5 years);
controlled for education,
alcohol intake, breastfeeding,
family history of breast cancer,
menopausal status, and BMI
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Table 7.9 Continued
Study Population Cases Controls Data collection
Lash and Population-based 666 615 Interviews were
Aschengrau Aged =65 years 305 lifetime 249 lifetime conducted with self-
2002 8 Cape Cod towns nonsmokers nonsmokers from respondents and
that reported to the (RDD and HCFA) proxies; no description
Massachusetts Cancer except that the methods
Registry were similar to those
1987-1993 used in Lash and
Aschengrau 1999
Gammon etal. Population-based 1,356 1,383 In-person interview;
2004 Aged 24-98 years 598 lifetime 627 lifetime residential history;
Nassau and Suffolk counties =~ nonsmokers nonsmokers history of active

of Long Island (New York)
(Long Island Breast Cancer

211 premenopausal
and 387 postmeno-

231 premenopausal
and 396 postmeno-

smoking and exposure
to secondhand smoke,

Study) pausal women pausal women including living
United States RDD and Medicare with smokers, age at
1996-1997 records exposure, and duration
of exposure
Shrubsole et Population-based 1,119 1,231 In-person interview
al. 2004 Aged 25-64 years 1,013 married 1,117 lifetime married  Sources:
China (Shanghai) lifetime non- nonsmokers (1) Husband'’s smoking
1996-1998 smokers 763 premenopausal (amount and years
684 premenopausal  and 354 postmeno- smoked)
and 329 postmeno-  pausal women (2) Exposure at work
pausal (selected from for the 5 years
Shanghai Resident before interview/
Registry listing) diagnosis (minutes
of exposure per day)
462 Chapter 7



The Health Consequences of Involuntary Exposure to Tobacco Smoke

Measure of secondhand

Relative risk
(95% confidence

Findings smoke interval) Comments

¢ No association between Lifetime exposure: Controlled for parity, age at first
lifetime exposure and risk No 1.0 birth, alcohol use, family history

¢ No association when Yes 0.85(0.63-1.1) and personal history of breast

duration or timing of
exposure (before or after
first birth) was considered

No significant association
between any exposure or
duration of household
exposure before 18 years
of age or adulthood (all or
from spouses)

Some suggestion of an
increased risk with

>27 years of exposure to
spousal smoking was not
significant

No significant association
in subgroup analyses
considering menopausal
status, weight, family
history, and other factors

No association with
husbands’ smoking among
premenopausal and
postmenopausal women
No association with any
workplace exposure but a
suggestion of an increased
risk with =5 hours of daily
exposure; results were
stronger in premenopausal
women

Duration (years):
Never
0 to <20
20 to <40
>40

Household exposure:
No
Yes

Total duration (months):
None
1-192
193-360
>361

Total duration (months) of
spousal exposure:

None

1-181

182-325

>326
p trend

Husband:
No
Yes
Workplace:
No
Yes
Adult life:
None
Workplace only
Husband only
Work and husband
Workplace (minutes/day):
None
1-59
60-179
180-299
=300
p trend

1.0

0.87 (0.59-1.3)
0.94 (0.66-1.3)
0.75 (0.47-1.2)

1.0
1.04 (0.81-1.35)

1.0

1.07 (0.73-1.57)
0.84 (0.62-1.14)
1.22 (0.90-1.66)

1.0
1.50 (1.05-2.14)
1.01 (0.70-1.47)
2.10 (1.47-3.02)
p >0.05

1.0
1.0 (0.8-1.2)

1.0
1.1 (0.9-1.4)

1.0

1.1 (0.8-1.5)
0.9 (0.7-1.2)
1.1(0.8-1.4)

1.0

0.9 (0.6-1.3)
1.1 (0.8-1.6)
1.1(0.8-1.7)
1.6 (1.0-2.4)
p=0.02

cancer, history of benign breast
disease, use of medical radiation,
and BMI

Controlled for age, number

of pregnancies, menopausal
status, history of benign breast
disease, BMI at 20 years of age
and at reference date, family
history of breast cancer, history
of fertility problems, use of oral
conraceptives, and alcohol use

Controlled for age, education,
household income, age at
menarche, age at first live birth,
age at menopause, body size,
physical activity, breast cancer
in first-degree relatives, history
of fibroadenoma; no information
on household exposure during
childhood; workplace exposure
was limited to previous 5 years

Cancer Among Adults from Exposure to Secondhand Smoke

463



Surgeon General’s Report

Table 7.9 Continued
Study Population Cases Controls Data collection
Bonner et al. Population-based 1,122 2,036 In-person interview
2005 Aged 35-79 years 525 lifetime 1,012 lifetime Household exposure for
Erie and Niagara countiesin ~ nonsmokers 326 nonsmokers 7 age periods (<21 years

western New York
United States
1996-2001

149 premenopausal
and 376 postmeno-
pausal

were premenopausal
and 686 post-
menopausal
Frequency was
matched to cases

by age, race, and
county of residence;
Department of Motor
Vehicles and HCFA

of age, 21-30, 3140,
41-50, 51-60, 61-70,
>70); number of
smokers, years of
exposure; workplace
exposure: number of
hours and years of
exposure to coworkers
who smoked

Lifetime residential
history of number

of smokers at each
residence for 334 cases
and 609 controls

*Cigarette years = The number of years of smoking multiplied by the number of cigarettes smoked per day.
*Hours/day/year = The sum of hours per day of exposure to secondhand smoke multiplied by the number of years of all
episodes of secondhand smoke exposure whether at home, at work, or during leisure time.

*HCFA = Health Care Financing Administration.
SAFTP = Age at first full-term pregnancy.
“RDD = Random-digit telephone dialing.

>20 years) (Table 7.9). In this study, the effect of active
smoking (adjusted OR = 2.0 [95 percent CI, 1.1-3.6])
was quantitatively similar to that of secondhand
smoke exposure when compared with lifetime non-
smokers with no secondhand smoke exposure. How-
ever, when active smokers were compared with
all nonsmokers, regardless of secondhand smoke
exposure, the effect of active smoking was weaker
(the calculated crude OR was 1.34) than the effect of
secondhand smoke exposure. Age, history of radia-
tion therapy, a history of breast cancer other than the
index diagnoses, parity, and several other covariates
were included in the analyses (Lash and Aschengrau
1999).

The study has several limitations. First, multiple
cancer sites (the largest three sites were lung, breast,
and colorectal) were included in the parental case-
control study, and it was unclear whether controls
in the breast cancer analysis were appropriate and
“matched” to the breast cancer cases. Information bias

464 Chapter 7

cannot be dismissed because a substantial proportion
of control (45 percent) and case (33 percent) interviews
were conducted with surrogate respondents, and the
accuracy and completeness of the information on
secondhand smoke exposure may differ by respon-
dent type. Presumably, some proportion of the breast
cancer controls had a history of breast cancer and other
cancers because a history of breast cancer, other than
the index diagnosis, and a history of radiation therapy
were included as covariates in the secondhand smoke
analysis. The inclusion of persons with previous breast
or other cancers further limits this study because it is
unclear whether information on secondhand smoke
exposure and other factors was assessed up to the first
cancer diagnosis or to the index cancer diagnosis.
Lash and Aschengrau (2002) conducted a second
case-control study using similar study methods in
the same study area (Table 7.9). They included cases
of invasive breast cancers diagnosed between 1987
and 1993 among residents of eight Cape Cod towns,
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Findings

Measure of secondhand
smoke

Relative risk
(95% confidence

interval) Comments

¢ No significant associations
between risk and

Premenopausal

Household (person-years):

household (lifetime or 0

before 21 years of age) or >0 to <20

workplace exposure >20 to <33
¢ Using data from lifetime >33 to <49

residential histories, >49

there were no significant p trend

associations between risk

and exposure at other times ~ Postmenopausal

(birth, menarche, and first

Household (person-years):

birth) 0

¢ Results were similar >0 to <20
in premenopausal and >20 to <33
postmenopausal women >33 to <49
>49
p trend

Controlled for age, education,

race, history of benign breast
1.0 disease, age at menarche, age at
1.31 (0.70-2.44 first birth, BMI, family history of
1.56 (0.77-3.14 breast cancer, alcohol intake, and
1.35 (0.69-2.63 age at menopause in analyses for
1.16 (0.51-2.62 postmenopausal women
p=0.60

~— T T

1.0

1.24 (0.79-1.95)
0.82 (0.50-1.36)
1.03 (0.64-1.66)
1.25 (0.79-1.96)
p=038

which were reported to the Massachusetts Cancer
Registry. Controls were women who were matched
to cases on age and vital status and were selected by
random-digit dialing or from rosters of Medicare ben-
eficiaries. Interviews were conducted with the study
participants or their proxies (the number of proxy
interviews was not specified). This analysis included
305 cases and 249 controls who were lifetime non-
smokers. Compared with lifetime nonsmokers who
reported no secondhand smoke exposure (80 cases,
53 controls), those with any exposure showed no
increased risk of breast cancer (adjusted OR = 0.85
[95 percent CI, 0.63-1.1]). The null finding persisted
with consideration of the duration of secondhand
smoke exposure, age at exposure, and timing of expo-
sure relative to age at pregnancy (Table 7.9). Active
smokers also showed no increased risk of breast cancer
relative to unexposed lifetime nonsmokers (adjusted
OR = 0.81 [95 percent CI, 0.64-1.0]).

The differences in results in these two case-
control studies, both conducted in the Cape Cod area,
cannot be readily explained. Comparison of demo-
graphic and other relevant characteristics of lifetime
nonsmoking cases and controls from the first study
(Lash and Aschengrau 1999) with this series of cases
and controls may provide some clues regarding the
differences in results. Selection bias and the use of
proxies for deceased participants in the two studies
may have contributed to the differences in results.
Duration of secondhand smoke exposure and timing
of exposure were missing for 20 to 30 percent of the
participants in the two studies, raising additional con-
cerns regarding the quality of the information.

A role of secondhand smoke and breast cancer
risk was investigated in a large, population-based
study of cancer that included 19,453 Canadians who
were diagnosed with 1 of 18 types of cancer and 4,523
population controls (Johnson et al. 2000). The influ-
ence of secondhand smoke on the risk of lung cancer
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in this population (Johnson et al. 2001) was described
above (see “Lung Cancer” earlier in this chapter for
study methods). In brief, 8 of the 10 provinces in the
National Enhanced Cancer Surveillance System par-
ticipated in this study and identified 3,310 women
aged 25 through 74 years with histologically con-
firmed invasive primary breast cancer. Controls were
selected from provincial health insurance plans, prop-
erty assessment databases, or random-digit telephone
dialing. A total of 2,340 women with breast cancer
(77.4 percent of 3,023 women contacted) and 2,531
controls (71.3 percent of 3,550 women contacted)
responded to a mailed questionnaire that asked about
lifestyle factors, including a lifetime history of residen-
tial and occupational secondhand smoke exposure.
The association of secondhand smoke with
breast cancer risk was investigated among 1,415 cases
(520 premenopausal and 895 postmenopausal) and
1,524 controls (512 premenopausal and 1,012 post-
menopausal) who provided information on residen-
tial secondhand smoke exposure for at least 90 percent
of their lifetimes, in addition to menopausal and
active smoking information. After adjusting for vari-
ous covariates, Johnson and colleagues (2000) found
that premenopausal lifetime nonsmokers exposed to
secondhand smoke showed an increased risk of breast
cancer (OR = 2.3 [95 percent CI, 1.2-4.6]) compared
with those who had not been exposed to second-
hand smoke. This increased risk was comparable to
the risk of former smokers (OR = 2.6 [95 percent CI,
1.3-5.3]) and was higher than that of current smokers
(OR = 1.9 [95 percent CI, 0.9-3.8]) compared with
unexposed nonsmokers. Associations between
secondhand smoke exposure and breast cancer risk
were weaker among postmenopausal women. The
investigators found that the RR of breast cancer was
1.2 (95 percent CI, 0.8-1.8) among lifetime nonsmok-
ers exposed to secondhand smoke, 1.4 (95 percent CI,
0.9-2.1) for former smokers, and 1.6 (95 percent CI,
1.0-2.5) for current smokers compared with unexposed
nonsmoking postmenopausal women (Johnson et al.
2000). There was also a significant trend of an increase
in RR with increasing years and increasing smoker-
years® of exposure (residential plus occupational
years) for premenopausal women; these trends were
weaker among postmenopausal women (Johnson et
al. 2000). For perimenopausal breast cancer, ORs were
1.5 (95 percent CI, 0.5-4.4), 2.0 (95 percent CI, 0.9-4.5),
2.9 (95 percent CI, 1.3-6.6), and 3.0 (95 percent CI,
1.3-6.6) forincreasing levels of total secondhand smoke

exposure (p for trend = 0.03). The postmenopausal
dose-response results with increasing exposures were
ORs of 1.1, 1.3, and 1.4 (95 percent CI, 0.9-2.3).

When interpreting these findings, researchers
need to consider the substantial amount of missing
information. Complete information on secondhand
smoke exposure was not available for 919 women
with breast cancer (cases) and 1,006 controls, and they
were subsequently excluded from the analysis, leav-
ing those women who provided information for at
least 90 percent of their lifetimes. For the premeno-
pausal women with breast cancer, complete informa-
tion about secondhand smoke exposure and potential
confounders was available for 59 percent of the life-
time nonsmokers, 73 percent of the former smokers,
and 67 percent of the current smokers. Corresponding
figures for the premenopausal controls were 62 per-
cent, 71 percent, and 67 percent, respectively. Among
postmenopausal women with breast cancer, infor-
mation about secondhand smoke was available for
55 percent of the lifetime nonsmokers, 62 percent of the
former smokers, and 65 percent of the current smok-
ers. Corresponding figures for the postmenopausal
controls were 59 percent, 62 percent, and 66 percent,
respectively. The high proportion of incomplete data
on residential secondhand smoke exposure is a con-
cern. The authors noted that 314 cases and 347 con-
trols were missing exposure data. The consequences
of these exclusions are uncertain without additional
information about those persons with missing expo-
sure histories. It should be noted that the role of
secondhand smoke in the risk of lung cancer was ana-
lyzed using the same large population-based study
that did find an association with secondhand smoke
exposure (Johnson et al. 2001). It is unclear whether
the controls in the breast cancer analysis were also in
the lung cancer analysis.

Another case-control study on secondhand
smoke exposure and breast cancer identified partici-
pants from one of three breast cancer centers in Orange
County, California (Delfino et al. 2000). Persons
(n = 535) diagnosed with a suspicious breast mass
that was detected clinically or by mammography
were considered eligible. A total of 391 women were
recruited, and 374 completed a self-administered risk
factor questionnaire before having a breast biopsy.
Participants were asked about active smoking (current
or former smokers, smoking duration, and average
number of cigarettes smoked per day) and second-
hand smoke exposure. Of the 374 women, 113 were

‘Smoker-years = The number of years of exposure weighted by the number of smokers.
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diagnosed with histopathologically confirmed malig-
nant tumors (cases), and 278 women were diagnosed
with benign masses (controls). The controls were fur-
ther categorized as “high-risk” (n = 148) if they had
breast lesions that displayed hyperplasia with no
atypia, atypical hyperplasia, or complex fibroadeno-
mas; they were classified as “low-risk” (n = 107) if
they had no proliferative changes in the breast. There
were 23 controls with insufficient tissue surround-
ing the fibroadenocarcinoma who were not classified
by their proliferative state. A total of 64 cases and
147 controls had never smoked.

Compared with lifetime nonsmokers classi-
fied as having “low” exposure (33 cases, 96 controls),
lifetime nonsmokers with “high” secondhand smoke
exposure had an increased risk (adjusted OR = 1.32
[95 percent CI, 0.69-2.52]) of breast cancer after adjust-
ing for age, menopausal status, and family history of
breast cancer (Table 7.9) (Delfino et al. 2000). In con-
trast to lifetime nonsmokers with low secondhand
smoke exposure, former smokers (adjusted OR = 0.94
[95 percent CI, 0.53-1.68]) and current smokers (OR =
0.55 [95 percent CI, 0.18-1.67]) showed no increase in
risk. In subgroup analyses stratified by risk for breast
cancer based on the biopsy findings, the increased
RR associated with secondhand smoke exposure was
observed among women in the “low-risk” controls
(OR = 1.78 [95 percent CI, 0.77-4.11]) but not among
those in the “high-risk” controls (OR = 1.03 [95 per-
cent CI, 0.50-2.12]). The RR of secondhand smoke
exposure was greater among premenopausal women
(OR = 2.69 [95 percent CI, 0.91-8.01]) than among
postmenopausal women (OR = 1.01 [95 percent CI,
0.45-2.27]) (Table 7.9) (Delfino et al. 2000). This study
was small and the exposure assessment was limited.
With regard to the potential for information bias, the
risk factor questionnaires on secondhand smoke and
other lifestyle factors were obtained before the biopsy
test or before the diagnosis of breast cancer, thus mini-
mizing concerns regarding selective recall.

Secondhand smoke exposure and breast cancer
risk was investigated in a population-based case-
control study in North Carolina that included women
aged 20 through 74 years who had been diagnosed
with invasive primary breast cancer between 1993
and 1996 (Millikan et al. 1998; Marcus et al. 2000). All
cases in African Americans younger than 50 years of
age and about an equal number of cases in African
Americans and Whites 50 years of age and older were
included in the study. Controls were identified from
listings of drivers’ licenses or Medicare beneficiaries
(if participants were aged =65 years). During the in-
person interview, participants were asked about age
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at initiation of cigarette smoking, alcohol use, and
exposure to secondhand smoke at home.

The first report on active smoking and second-
hand smoke exposure from this case-control study
was based on 498 cases and 473 controls who partici-
pated in the interview and who also donated blood
specimens (Table 7.9) (Millikan et al. 1998). Compared
with lifetime nonsmokers (248 cases, 253 controls), the
RR of breast cancer was 1.3 (95 percent CI, 0.9-1.8) for
former smokers and 1.0 (95 percent CI, 0.7-1.4) for
current smokers. Compared with lifetime nonsmokers
who were not exposed to secondhand smoke, women
who reported secondhand smoke exposure after
18 years of age (based on living with a smoker at
age 18 years or older) had a RR of 1.3 (95 percent CI,
0.9-1.9); this association was stronger among pre-
menopausal women (OR = 1.5 [95 percent CI,
0.8-2.8]) than among postmenopausal women
(OR =1.2 [95 percent CI, 0.7-2.2]).

A second report on active smoking and
secondhand smoke exposure from this population was
based on all participants (864 cases, 790 controls) who
were interviewed between 1993 and 1996, including
445 cases and 423 controls who had never smoked
(Table 7.9) (Marcus et al. 2000). Lifetime nonsmokers
who reported secondhand smoke exposures before
18 years of age did not show an elevated risk of
breast cancer (OR = 0.8 [95 percent CI, 0.6-1.1]) com-
pared with women who reported no exposures. The
association with secondhand smoke exposures
before 18 years of age did not change after adjusting
for exposures after 18 years of age. In both reports,
Millikan and colleagues (1998) and Marcus and col-
leagues (2000) adjusted the results on secondhand
smoke exposure for race, age at diagnosis/selection,
and sampling design, but not for other covariates.
Questions on secondhand smoke exposure were not
comprehensive, but focused primarily on exposures
in the home before and after the women were 18 years
of age.

Kropp and Chang-Claude (2002) conducted a
case-control study of breast cancer in women 51 years
of age orlessin two study areas in Germany (Table 7.9).
Active smoking, but not involuntary smoking, was
assessed in the original study, which was conducted
between 1992 and 1995. In 1999, the 706 women with
in situ or invasive breast cancer and the 1,381 con-
trols who were interviewed in the original study were
recontacted. A total of 468 cases (66.3 percent) and
1,093 (79.2 percent) controls participated in the second
interview; 115 cases and 3 controls were deceased by
the time of the attempted recontact. Participants were
asked extensive questions regarding active smoking
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and involuntary smoking that included household
exposure during childhood and adulthood, as well
as workplace exposure. Information on age at expo-
sure, duration of exposure, and intensity of exposure
(i.e., number of smokers, hours of daily exposure) was
obtained. Compared with lifetime nonsmokers with
no secondhand smoke exposure, lifetime nonsmokers
who were exposed showed a significantly increased
risk (adjusted OR = 1.61 [95 percent CI, 1.08-2.39]).
The increased risk was associated with exposure dur-
ing adulthood (adjusted OR = 1.80 [95 percent CI,
1.12-2.89]) but not with exposure only during child-
hood (adjusted OR = 1.07 [95 percent CI, 0.52-2.19]).
There was little difference in risk by duration of
exposure; the adjusted OR was 1.85 (95 percent CI,
1.15-2.98) for a shorter duration (1 to 10 years) and
1.51 (95 percent CI, 0.89-2.56) for a longer duration of
exposure (=21 years). Risk patterns were also similar
for current versus former secondhand smoke expo-
sure. There was a trend of increasing risk with lifetime
exposure (childhood and adulthood combined) when
an index of lifetime hours per day-years of exposure
was used: the ORs were 1.83 (95 percent CI, 1.16-2.87)
for high exposures (=51 hours per day-years) and
1.42 (95 percent CI, 0.90-2.26) for lower exposures
(1 to 50 hours per day-years). However, in this study,
the estimated OR for secondhand smoke exposure
(OR = 1.61) was higher than for former (OR = 1.15) or
current active smokers (OR = 1.47).

This study has several limitations. First, the
women were recontacted specifically regarding a
secondhand smoke exposure history, raising the pos-
sibility of information bias. Second, a substantial pro-
portion of both cases and controls did not participate,
indicating a potential for the introduction of selection
bias.

Gammon and colleagues (2004) investigated the
role of secondhand smoke and breast cancer using
the Long Island Breast Cancer Study, which was con-
ducted among residents of Nassau and Suffolk coun-
ties. The study included 1,356 women with breast
cancer and 1,383 controls from the general popula-
tion; 598 cases and 627 controls were lifetime non-
smokers (Table 7.9). Lifetime exposure to residential
secondhand smoke was assessed, including exposure
to smoking by parents, spouses, and other household
members. Compared with lifetime nonsmokers who
were not exposed to secondhand smoke (155 cases,
170 controls), lifetime nonsmokers who were exposed
showed no increased risk (adjusted OR = 1.04 [95 per-
cent CI, 0.81-1.35]). The risk of breast cancer was not
increased in association with exposure to parental
smoking before 18 years of age or exposure before a
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first full-term pregnancy. When the total duration of
exposure was considered, there was little indication
that long-term exposure to household tobacco smoke
increased breast cancer risk; the OR for living with a
smoker for 361 or more months was 1.22 (95 percent
CI, 0.90-1.66). When the analysis was restricted to
household exposure from spouses, the OR for living
with a spouse who smoked for 361 or more months
was 2.10 (95 percent CI, 1.47-3.02), but there was not
a significant trend of increasing risk with increasing
duration. Analysis by menopausal status showed
a small increased risk associated with secondhand
smoke exposure in premenopausal women (adjusted
OR = 1.21 [95 percent CI, 0.78-1.90]), but not in post-
menopausal women (adjusted OR = 0.93 [95 percent
CI, 0.68-1.29]). Exposure to secondhand smoke was
not significantly associated with risk in analyses that
were stratified by other parameters of interest includ-
ing age, body mass index, use of alcohol, use of hor-
mone replacement therapy, use of oral contraceptives,
and family history of breast cancer.

A risk of breast cancer was not related to active
smoking in this study. Compared with lifetime non-
smokers who were not exposed to secondhand smoke,
the adjusted OR was 1.06 (95 percent CI, 0.76-1.48)
for active smokers and 1.15 (95 percent CI, 0.90-1.48)
for active smokers who were also exposed to second-
hand smoke. The study did not assess exposure in the
workplace.

Bonner and colleagues (2005) investigated the
role of secondhand smoke and breast cancer among
residents in Erie and Niagara counties as part of the
Western New York Exposures and Breast Cancer
Study. This population-based, case-control study
included women aged 35 to 79 years who were diag-
nosed with histologically confirmed, primary incident
breast cancer. Population controls from the study areas
were selected from Department of Motor Vehicles driv-
er’s license list or from the Centers for Medicare and
Medicaid Services lists. There were questions about
exposure to secondhand smoke from other house-
hold residents and coworkers for seven time periods
(<21 years of age and for each subsequent decade of
life). The questions asked for the number of smok-
ers in the household and how long they lived in the
same residence. Workplace exposure was estimated
by the number of hours per week study participants
were exposed to coworkers’ smoking. The main anal-
ysis on lifetime household and workplace exposure
included 525 cases (149 premenopausal, 376 post-
menopausal) and 1,012 controls (326 premenopausal,
686 postmenopausal) who were lifetime nonsmok-
ers. In addition, secondhand smoke exposure was



determined as part of the residential history assess-
ment. Participants listed every residence for their
entire life with corresponding information on the
number of smokers at each residence. On the basis
of this information, exposures at birth, at menarche,
and at the time of first birth were evaluated. Residen-
tial history assessment was obtained from a subset
of lifetime nonsmoking cases (106 premenopausal,
228 postmenopausal) and controls (238 premeno-
pausal, 371 postmenopausal).

Breast cancer risk increased, but not signifi-
cantly, in association with lifetime household expo-
sure to secondhand smoke; there were no significant
trends of increasing risks with increasing duration
of exposure in premenopausal (p trend = 0.60) and
postmenopausal (p trend = 0.38) women (Table 7.9).
In an analysis restricted to household smoking before
21 years of age, risk did not increase significantly in
premenopauasal (p trend = 0.99) and postmenopausal
(p trend = 0.09) women. Breast cancer risk was unre-
lated to workplace secondhand smoke exposure in
premenopausal (p trend = 0.38) and postmenopausal
(p trend = 0.41) women; almost all of the RR estimates
were below unity. In premenopausal women, expo-
sures to smoking at birth, at menarche, and at the time
of first birth were associated with an 11 to 49 percent
increase in risk, but none of the associations was sta-
tistically significant. In postmenopausal women, all
the RR estimates were close to or below unity.

This case-control study obtained extensive infor-
mation on lifetime household and workplace expo-
sure. In addition, exposure to household smoking was
collected using a second method as part of a residen-
tial history assessment. Risk of breast cancer was not
significantly associated with any of the measures of
secondhand smoke exposure in premenopausal and
postmenopausal women. This is one of the few stud-
ies that presented data on lifetime nonsmoking cases
and controls by menopausal status, so comparability
of the case and control groups can be assessed.

Three Chinese studies have addressed the role of
secondhand smoke exposure and breast cancer risk in
lifetime nonsmokers (Zhao et al. 1999; Liu et al. 2000;
Shrubsole 2004). As discussed below, there is concern
regarding the design of two of the studies (Zhao et
al. 1999; Liu et al. 2000). Zhao and colleagues (1999)
conducted a hospital-based study of breast cancer in
Chengdu, China, between 1994 and 1997. The study
included 265 women who were clinically determined
to have breast cancer and an equal number of female
controls who were individually matched to cases for
age, area of residence, similar occupation, and simi-
lar education (the nature of this matching was not
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specified). The sources of controls were hetero-
geneous and included family members, visitors,
neighbors, friends, or outpatients with benign con-
ditions. Although 259 breast cancer patients and
252 controls were identified as nonsmokers of cig-
arettes, information on secondhand smoke was
presented on 265 cases and 265 controls who were pre-
sumably nonsmokers, although this difference was not
specifically mentioned in the text. The authors reported
a significantly increased risk associated with second-
hand smoke exposure (adjusted OR = 2.49 [95 percent
CI, 1.65-3.77]) after adjustment for various covariates
including breastfeeding, history of benign breast dis-
ease, and intake of soybean products. On the basis of
13 cases and 6 controls who were cigarette smokers
(it is not known whether these were current smokers
or former smokers), breast cancer risk increased more
than twofold among smokers (OR = 2.75 [95 percent
CI, 0.87-8.65]) compared with nonsmokers (Table
7.9). Methodologic limitations of this study include
the uncertain selection criteria of the cases (i.e., inci-
dent versus prevalent cases, clinical diagnosis of
breast cancer), the suitability of the control groups,
and a lack of information regarding the questions on
secondhand smoke exposure (e.g., sources and timing
of exposure).

Liu and colleagues (2000) conducted a hospital-
based, case-control study of breast cancer in
Chongging, China, that included 186 women with
incident breast cancer and 186 controls who were
outpatients in the same hospital and were individu-
ally matched to cases for age (+2 years), date of hos-
pitalization/admission, and marital status, and were
lifetime nonsmokers. Cases and controls were 24 to
55 years of age. Questions related to secondhand
smoke exposure for three time periods: childhood
(aged <10 years), youth (aged 10 through 16 years),
and adulthood (including exposures at home and at
work). Two variables were used to describe exposures
at home: number of smokers and a combined expo-
sure index that included the number of smokers and
the amount they smoked (light, medium, heavy, and
very heavy). The risk of breast cancer increased sig-
nificantly in association with the number of smokers
in the household during childhood (p trend <0.05) but
not during youth (p trend >0.05) or adulthood (p trend
>0.05). When the amount smoked was also considered
(i.e., using the combined exposure index), there was a
significant trend of increasing risk with increasing lev-
els of exposure during childhood (p trend <0.05) and
adulthood (p trend <0.01) but not during youth. When
household exposures during childhood, youth, and
adulthood and workplace exposure were considered
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simultaneously, the researchers found a significantly
increased risk associated with childhood household
exposure (adjusted OR = 1.24 [95 percent CI,
1.07-1.43]), adulthood household exposure (adjusted
OR = 4.07 [95 percent CI, 2.21-7.50]), and work-
place exposure (adjusted OR = 1.27 [95 percent CI,
1.04-1.55]).

Cases and controls differed considerably in
terms of education, occupation, and social class. Cases
had less education than controls (26 percent of cases
versus 9 percent of controls had less than high school).
A significant excess of cases also reported below aver-
age family socioeconomic status (SES) during each of
the three time periods (childhood, youth, adulthood)
than controls. However, cases were more likely to be
professionals (46 percent) than controls (25 percent)
and were less likely to be workers (29 percent) than
controls (66 percent). Exposure to secondhand smoke
at home and in the workplace may vary by education,
occupation, and family SES. In the multivariate analy-
sis, only socioeconomic class during youth was con-
sidered. Thus, potential confounding by these social
class and occupational variables cannot be ruled out
in this study.

Shrubsole and colleagues (2004) investigated
the role of secondhand smoke exposure in the Shang-
hai Breast Cancer Study, a large population-based
study of 1,459 breast cancer cases and 1,556 popula-
tion controls aged 25 to 64 years. Questions about
secondhand smoke exposure were added to the
study seven months after data collection began, and
1,119 cases and 1,231 controls responded. Analyses on
secondhand smoke exposure and risk were restricted
to lifetime nonsmokers who were currently married
(1,103 cases and 1,117 controls). Two sources of
secondhand smoke exposure were assessed: husband’s
smoking and exposure at work the during the five
years before diagnosis/interview. A risk of breast can-
cer was unrelated to the husband’s smoking (adjusted
OR = 1.0 [95 percent CI, 0.8-1.2]); all of the ORs
associated with different categories of the husband’s
smoking, including the number of cigarettes smoked
and the number of years and pack-years of smoking,
were close to unity. Breast cancer risk was also unre-
lated to secondhand smoke exposure in the workplace
(adjusted OR = 1.1 [95 percent CI, 0.9-1.4]). The RRs
were also close to unity when both sources of exposure
were considered together (i.e., none, workplace only,
husband’s smoking only, and both exposures); these
results were similar in premenopausal and postmeno-
pausal women (Table 7.9). However, breast cancer risk
tended to increase with an intense exposure at work.
When women with workplace secondhand smoke
exposure (457 cases, 463 controls) were compared with
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those with no exposure at work or from their husbands
(176 cases, 184 controls), there was a significant trend
of an increase in risk with an increase in duration of
daily workplace secondhand smoke exposure (p trend
= 0.02). In premenopausal women, the ORs were 1.0,
0.9, 1.1, 1.1, and 1.6, respectively, in association with
none, 1 to 59, 60 to 179, 180 to 299, and 300 or more
minutes of exposure per day (p trend = 0.03). The cor-
responding ORs were 1.0, 1.1, 1.3, 1.4, and 1.4, respec-
tively (p trend = 0.37), in postmenopausal women. To
date, this is the largest case-control study of breast
cancer in lifetime nonsmokers that assessed informa-
tion on household and workplace exposures. One
limitation is that information on workplace exposures
was limited to the five years before the interview.
In addition, there was no information on childhood
exposures.

Quantitative Meta-Analysis

To synthesize the observational evidence, the
technique of quantitative meta-analysis was used.
The RR estimates for the various exposure measures
from reports on cohort and case-control studies were
abstracted and then combined using the statistical
software package Stata. The studies used a variety of
exposure measures to assess childhood or adulthood
exposures, sources of exposure, and location of expo-
sure. A documented set of decisions was made as to
the selection of estimates from the studies. Addition-
ally, some of the studies provided results by meno-
pausal status.

Pooled estimates were calculated for three pop-
ulation samples: all women in a study (regardless
of menopausal status), premenopausal women, and
postmenopausal women. Eight exposure categories
were considered: (1) any source during adulthood
(adult all sources), (2) adult spousal/partner (adult
spousal), (3) adult at home (includes smoking from
any cohabitant), (4) adult at work, (5) child at home
(usually parental), (6) both childhood and adulthood
exposure (either at home or work or both), (7) ever
exposure in studies that measured child and adult
exposures (either at home or at work or both), and
(8) the most comprehensive exposure for each study.
For all categories, estimates of independent effects
were selected over estimates of “ever” effects. In other
words, if a study presented results for “ever exposed
as a child” (regardless of adulthood exposure) as well
as “exposed during childhood only” (no adulthood
exposure), the latter was used in the analysis of child-
hood exposure because it represents a more unbiased
estimate of the effect of childhood exposure indepen-
dent of exposure during adulthood.



Whenever possible, the studies used adjusted
estimates. The researchers performed subanalyses to
investigate the influence of adjustment on the results.
Studies were categorized according to whether they
adjusted for reproductive factors (age at menarche,
age at first birth, and parity) and for alcohol consump-
tion. These factors were the focus of attention because
they were the most important potential confounders.

Table 7.10 provides the main findings of the
meta-analysis, including the pooled estimates and
95 percent Cls. Overall, breast cancer risk in life-
time nonsmokers was significantly associated with
secondhand smoke exposure, but with stratification
by menopausal status, the association was limited
to premenopausal women, and estimates for post-
menopausal women for adult exposure were below
unity, although not statistically significant (Table 7.10,
Figures 7.1-7.4). The pattern was similar when spou-
sal smoking alone was considered (Table 7.10) and the
estimate for workplace exposure was also higher for
women with premenopausal breast cancer than for
those with postmenopausal breast cancer. Exposure
in childhood was not associated with increased risk.
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Sensitivity analyses were carried out that
explored variations in the pooled estimates by the type
of study, the extent of the exposure information avail-
able, and consideration of confounding (Table 7.10).
Findings from the cohort studies showed no asso-
ciation overall of breast cancer risk with secondhand
smoke exposure, although the pooled estimate from
the case-control studies was positive and statistically
significant. The estimate was particularly high for
hospital-based case-control studies. Comparing esti-
mates for studies with and without consideration of
confounding, the estimate was lower for those studies
that included adjustment for potential confounding.

In Figure 7.5, the 21 studies are evaluated for
potential publication bias using a funnel plot and a
test developed by Begg and Mazumdar (1994). The
funnel plot shows that less precise studies tended to
have more strongly positive results, a pattern indica-
tive of possible publication bias. The formal test for
such bias was statistically significant (p <0.05).

Table 7.10  Pooled risk estimates and 95% confidence intervals (CI) for breast cancer meta-analysis
All women Premenopausal Postmenopausal
Exposure n*  Relative risk (95% CI) n Relative risk (95% CI) n Relative risk (95% CI)
Adulthood
All sources 18 1.15(1.02-1.29) [0.000]* 10  1.45(1.04-2.01) [0.000] 9 0.90(0.81-1.01) [0.691]
Spouse 9 1.17 (0.96-1.44) [0.002] 4 1.40 (0.92-2.12) [0.1] 3 0.86 (0.67-1.12) [0.645]
Home 8 1.01 (0.85-1.19) [0.006] 4 1.28 (0.94-1.74) [0.355] 3 0.92 (0.76-1.11) [0.591]
Work 6 1.06 (0.84-1.35) [0.008] 4 1.21 (0.70-2.09) [0.000] 3 0.83 (0.53-1.29) [0.086]
Childhood (parent) 9 1.01 (0.90-1.12) [0.101] 4 1.14 (0.90-1.45) [0.342] 3 1.04 (0.86-1.26) [0.242]
Both childhood and 4 1.39 (0.88-2.18) [0.021] 3 1.63 (0.68-3.91) [0.016] 2 1.02 (0.74-1.42) [0.160]
adulthood
Ever exposed (in studies 10  1.40 (1.12-1.76) [0.000] 6  1.85(1.19-2.87)[0.001] 5  1.04 (0.84-1.30) [0.048]
measuring lifetime
exposure)
“Best” of each study* 21 1.20 (1.08-1.35) [0.000] 11 1.64 (1.25-2.14) [0.001] 10 1.00 (0.88-1.12) [0.321]
Cohort studies 7  1.02(0.92-1.13) [0.162]
Case-control studies 14  1.40 (1.17-1.67) [0.000]

*n = Number of studies included in each analysis.

*[in brackets] = p value for test of heterogeneity (null hypothesis is no heterogeneity).
#Best” of each study includes the most comprehensive measure of association from each study: ever being exposed in any
setting was preferred over all sources during adulthood, which was preferred over spousal exposure.
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Figure 7.1
adult exposure to secondhand smoke
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Evidence Synthesis

The full body of evidence on secondhand smoke
and breast cancer was evaluated with the criteria
for causality, which have been used in this series of
reports for a long time (Chapter 1, Introduction, Sum-
mary, and Conclusions). Consideration was also given
to the extensive information on active smoking and
breast cancer. Issues related to sources of secondhand
smoke exposure, dose-response relationships, and
differences in findings by menopausal status were
also considered.

Consistency

Consistency refers to the replication of find-
ings across studies with different designs, in different
populations, and conducted by different investiga-
tors (USDHHS 2004). To the extent that findings are
comparable across a range of study characteristics,
alternative explanations to causation in explaining
associations become less tenable, particularly bias
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arising from methodologic limitations of particular
designs.

There are currently 21 epidemiologic studies
(7 cohort, 14 case-control) that have directly inves-
tigated the association between secondhand smoke
exposure and the risk of breast cancer among life-
time nonsmokers. The overall evidence does not con-
sistently show an increased risk of breast cancer in
association with secondhand smoke, although the
pooled estimate of all the evidence is above unity,
the level of no effect (Table 7.10); the evidence is not
consistent by study design. Three well-established
U.S. cohort studies each include a large number of
breast cancer events: 669 breast cancer deaths in the
ACS cohort; 1,359 incident invasive breast cancers in
the NHS cohort; and 1,174 incident invasive breast
cancers in the California Teachers Study cohort.
These studies did not find an association between
exposure to secondhand smoke and breast cancer
risk; all RR estimates were around unity (Warten-
berg et al. 2000; Egan et al. 2002; Reynolds et al. 2004).
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Figure 7.2  Relative risks (with 95% confidence intervals) of breast cancer associated with adult exposure to
secondhand smoke from spouses’ smoking
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Results from the four cohort studies from Asia are
based on fewer breast cancer events (<200 breast
cancer incident cases/deaths) and are more varied,
but also do not provide consistent evidence for an
association. Small RR increases of 10 to 30 percent
were reported in three of the studies (Hirayama 1984;
Jee et al. 1999; Hanaoka et al. 2005), whereas a RR less
than unity was reported in the fourth study, which is
from Japan (Nishino et al. 2001). The only significant
finding came from a subgroup analysis in a cohort
study in Japan with stratification by menopausal
status (Hanaoka et al. 2005). This finding was based
on 77 breast cancers in premenopausal women. The
pooled estimate for the cohort studies is 1.02 overall.
This null finding from the cohort studies cannot be set
aside as a result of methodologic limitations, because
some of these studies have shown an increased risk
for lung cancer and CHD associated with second-
hand smoke.

Results from the 14 case-control studies are
more supportive of an increased risk associated

1 2 4

Relative risk

tudy’s relative risks in the combined estimates.

with secondhand smoke exposure, but there is
considerable heterogeneity in the study results.
Five studies found at least a twofold increase in RRs
associated with secondhand smoke exposure (Smith
et al. 1994; Morabia et al. 1996; Lash and Aschengrau
1999; Johnson et al. 2000; Kropp and Chang-Claude
2002); results were statistically significant in four of
these studies. As described above, the study con-
ducted by Lash and Aschengrau (1999) had design
limitations, and a subsequent study in the same area
conducted by the same investigators using a compa-
rable design did not confirm the earlier results (all RR
estimates were <1.0) (Lash and Aschengrau 2002).
The other four studies (Smith et al. 1994; Morabia et
al. 1996; Johnson et al. 2000; Kropp and Chang-Claude
2002) considered by Johnson (2005) to be more com-
plete in assessing lifetime secondhand smoke expo-
sures had other study limitations, including the
potential for differential recall bias, misclassification
due to missing data, and selection bias. In the study
by Kropp and Chang-Claude (2002), participants were
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Figure 7.3
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recontacted four to seven years after the initial inter-
view, and the reinterview response rate was lower in
cases (66 percent) than in controls (79 percent). Given
that the focus of the reinterview was to determine the
history of active smoking and exposure to secondhand
smoke, it would have been difficult to “blind” partici-
pants as to the study hypothesis, and the possibility
of differential recall bias by case/control status exists
and may have led to an overestimate of the risk. Smith
and colleagues (1994) also recontacted study partici-
pants to determine histories of secondhand smoke
exposure, and thus the findings of this study are sub-
ject to the limitations discussed in regard to the study
by Kropp and Chang-Claude (2002). In the study
by Johnson and colleagues (2000), information on
secondhand smoke exposure was obtained viaamailed
questionnaire and was incomplete for 37 percent of
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the lifetime nonsmoking cases and 40 percent of the
controls. Consequently, 470 (1,078 minus 608) lifetime
nonsmoking cases and 487 (1,214 minus 727) lifetime
nonsmoking controls were not included in the anal-
ysis. In the study by Morabia and colleagues (1996),
controls were younger (21 percent were younger than
45yearsofage)thancases (11 percentwereyoungerthan
45 years of age), and variables related to menopause
status were not considered in the analysis. There were
also methodologic limitations of the studies carried
out in China.

In contrast, no significant increase in risk was
found in four large population-based, case-control
studies (Millikan et al. 1998, Gammon et al. 2004;
Shrubsole et al. 2004; Bonner et al. 2005). According
to Johnson (2005), results from three of these studies
are less credible because exposure assessment was
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Relative risks (with 95% confidence intervals) of breast cancer associated with all sources of

adult exposure to secondhand smoke among postmenopausal women
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incomplete (Millikan et al. 1998; Gammon et al. 2004;
Shrubsole et al. 2004) (the study by Bonner et al. [2005]
was published after Johnson’s 2005 review). In fact,
major lifetime sources of secondhand smoke exposure
(childhood exposure from parents, adult residential
exposure, and adult occupational exposure) were
assessed in the western New York study, and there
was no association between risk and each source of
exposure nor with lifetime exposure across these dif-
ferent sources (Bonner et al. 2005). Two of the stud-
ies did not assess workplace exposure (Millikan et
al. 1998; Gammon et al. 2004), and one study limited
workplace secondhand smoke exposure assessment
to the most recent job, and did not obtain information
on childhood exposure (Shrubsole et al. 2004).

A strength of the epidemiologic evidence on
secondhand smoke and lung cancer has been the con-
sistency across prospective cohort and case-control
studies. Cohort and case-control studies are generally

subject to somewhat differing sources of bias, and a
comparability of findings in the two designs weighs
against bias as the source of association. The find-
ings of the two designs differ for secondhand smoke
exposure and breast cancer, raising a concern that bias
affected the findings of the case-control studies. The
hospital-based, case-control studies show the stron-
gest association and are particularly prone to bias
from the noncomparability of cases and controls, and
from the differential reporting of exposures by cases
and controls.

To further assess the consistency of the associa-
tion between secondhand smoke exposure and risk
of breast cancer, risk patterns were examined by the
sources of exposure. There are three major classes of
exposure (childhood exposure from parental smok-
ing, adult residential exposures, and occupational
exposures). To date, all studies have characterized
adulthood household exposure. Information on
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Figure 7.5
secondhand smoke exposure

Begg’s funnel plot with pseudo 95% confidence limits for 21 studies of breast cancer and
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childhood secondhand smoke exposure is available
in three cohort (Egan et al. 2002; Reynolds et al. 2004;
Hanaoka et al. 2005) and seven case-control studies
(Smith et al. 1994; Morabia et al. 1996; Johnson et al.
2000; Marcus et al. 2000; Kropp and Chang-Claude
2002; Gammon et al. 2004; Bonner et al. 2005). Work-
place exposure was captured in three cohort (Warten-
berg et al. 2000; Egan et al. 2002; Hanaoka et al. 2005)
and six case-control studies (Smith et al. 1994; Mora-
bia et al. 1996; Johnson et al. 2000; Kropp and Chang-
Claude 2002; Gammon et al. 2004; Bonner et al. 2005).

Those studies that have obtained lifetime
secondhand smoke exposure histories are also
informative because risk patterns by source of expo-
sure may provide information regarding the timing
and intensity of exposure. There are different expo-
sure assessment approaches in the studies, however,
and results have not been consistently reported for all
epochs of exposure, thus complicating comparisons
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across studies. Researchers have considered exposure
to secondhand smoke early in life to be particularly
important for premenopausal breast cancer. In two
U.S. cohort studies, breast cancer risk did not increase
in association with childhood exposure from parents
(Egan et al. 2002; Reynolds et al. 2004). Similarly, a
risk of breast cancer was not significantly associated
with childhood secondhand smoke exposure in case-
control studies (Smith et al. 1994; Johnson et al. 2000;
Kropp and Chang-Claude 2002; Gammon et al. 2004;
Bonner et al. 2005) (risk patterns were presented for
childhood and adulthood exposures combined in
two studies [Marcus et al. 2000; Hanaoka et al. 2005]).
There is also little support for the hypothesis that
secondhand smoke exposure before a first pregnancy
is associated with breast cancer risk (Kropp and
Chang-Claude 2002; Lash and Aschengrau 2002; Gam-
mon et al. 2004; Bonner et al. 2005). Thus, the collective
evidence does not consistently show an association



of secondhand smoke exposure during childhood/
adolescence or before a first pregnancy—a period of
time when the breast may be particularly susceptible
to carcinogen exposure, as in the case of ionizing radi-
ation (NRC 2005).

The risk of breast cancer was not significantly
related to workplace secondhand smoke exposure in
two U.S. cohort studies (Wartenberg et al. 2000; Egan
et al. 2002) and in two case-control studies (Smith et al.
1994; Bonner et al. 2005); lifetime workplace exposure
was assessed in the case-control studies. In a cohort
study conducted in Japan, the risk of breast cancer in
premenopausal women was increased in association
with workplace secondhand smoke exposure, but
no increased risk was observed in postmenopausal
women (Hanaoka et al. 2005). In Shanghai, China,
an intense (>300 minutes per day), daily, and recent
workplace exposure was associated with an increased
risk of breast cancer in both premenopausal and post-
menopausal women, although the estimate was sta-
tistically significant only in premenopausal women
(Shrubsole et al. 2004). In the three studies that found a
significantly increased risk associated with adulthood
exposure (Morabia et al. 1996; Johnson et al. 2000;
Kropp and Chang-Claude 2002), RR estimates were
not shown separately for occupational versus house-
hold exposures. However, in the study by Morabia
and colleagues (1996), the risk estimates for spousal
smoking were slightly stronger than for all sources
of exposure during adulthood combined. Thus, some
(but not all) studies offer evidence that breast cancer
risk may be increased in association with workplace
secondhand smoke exposure.

Temporality

The criterion of temporality requires that expo-
sure to secondhand smoke antedate the onset of can-
cer, so information from prospective cohort studies is
particularly relevant. In prospective cohort studies,
women initially free of breast cancer are followed over
varying time intervals, and their risk is estimated in
relation to secondhand smoke exposure. As described
above, there is currently little evidence indicating an
increased breast cancer risk from prospective cohort
studies, including the three large, well-established
cohorts in the United States (Wartenberg et al. 2000;
Egan et al. 2002; Reynolds et al. 2004). The risk of
breast cancer was unrelated to adulthood secondhand
smoke exposure in the ACS study (Wartenberg et al.
2000), the NHS (Egan et al. 2002), and the California
Teachers Study (Reynolds et al. 2004) (information
on workplace secondhand smoke was available in
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the NHS and ACS studies). Similarly, a risk of breast
cancer was not related to exposure during childhood
in the NHS and the California Teachers Study (Egan
et al. 2002; Reynolds et al. 2004). One of the Japanese
cohort studies (JPHC study) collected information on
household secondhand smoke exposure during child-
hood and adulthood and on workplace exposure; this
study also showed no overall association between
secondhand smoke exposure and risk in all subjects
combined (Hanaoka et al. 2005). In general, second-
hand smoke exposure extends across the life span and
typically would have begun long before the onset of
breast cancer.

Strength of Association

Increasing the strength of association weighs
more heavily against alternatives to causal association
(USDHHS 2004). For involuntary smoking and breast
cancer risk, the overall association in the pooled esti-
mates for premenopausal breast cancer indicate ele-
vations of 40 to 60 percent (Table 7.10). However, the
highlighted limitations of the case-control studies of
passive smoking and breast cancer, particularly selec-
tion bias and information bias, may be responsible, at
least in part, for the increased risk. The inconsistent
findings of the case-control and cohort studies for the
association of passive smoking with premenopausal
breast cancer also raise concerns about potential bias
or unmeasured confounding, since consistency of risk
estimates across varying study designs would weigh
against such bias.

Assessment of dose-response relationships is
another aspect of this criterion. Duration of exposure
to spousal and household smoking was used in most
studies for assessing exposure-response relationships
(Smith et al. 1994; Jee et al. 1999; Lash and Aschengrau
1999, 2002; Wartenberg et al. 2000; Egan et al. 2002;
Gammon et al. 2004; Shrubsole et al. 2004; Bonner et
al. 2005). A few studies also collected information on
intensity of exposure (i.e., hours and days of second-
hand smoke exposure), and on estimated risk patterns
by hours per day-years (Morabia et al. 1996; Kropp
and Chang-Claude 2002) or minutes of secondhand
smoke exposure per day (Shrubsole et al. 2004). Of
the four studies showing a strong positive associa-
tion between exposure and breast cancer risk (Smith
et al. 1994; Morabia et al. 1996; Johnson et al. 2000;
Kropp and Chang-Claude 2002), only one showed a
trend of increasing risk with increasing duration of
exposure and only among premenopausal women
(Johnson et al. 2000). Among premenopausal women,
the ORs were 1.2, 1.8, 2.0, 3.3, and 2.9, respectively, in
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association with 1 to 6, 7 to 16, 17 to 21, 22 to 35, and
36 or more years of residential and occupational expo-
sures. The pattern of association is much weaker in
postmenopausal women (ORs were 1.1, 1.3, and
1.3, respectively, in association with 1 to 30, 31 to
56, and more than 56 years) (Johnson et al. 2000).
However, in three other studies, RR estimates were
similar for varying durations of exposure and for cur-
rent versus former exposures. In the study by Mora-
bia and colleagues (1996), the ORs were 2.2 and 2.5 in
association with 1 to 50 and more than 50 hours per
day-year of exposure, respectively. In the study by
Kropp and Chang-Claude (2002), the ORs were 1.85,
1.59, and 1.51 with 1 to 10, 11 to 20, and 21 or more
years of exposure, respectively. In the same study, the
risks were 1.55 for former and 1.67 for current expo-
sures to secondhand smoke. In the study by Smith
and colleagues (1994), the ORs were 2.82 and 2.24 in
association with 1 to 200 and more than 200 cigarette-
years, respectively.

Of the studies not showing any overall associa-
tion between secondhand smoke and breast cancer
risk, one showed a twofold increase among women
exposed to 326 or more months of spousal smoking,
but there was no evidence of an exposure-response
gradient (Gammon et al. 2004). Another study showed
a 70 percent increase in risk among women married to
current smokers of 30 or more years (Jee et al. 1999).
However, in several larger cohort (Wartenberg et al.
2000; Egan et al. 2002) and case-control studies (Shrub-
sole et al. 2004; Bonner et al. 2005), there is little evi-
dence of elevated risks even with the highest duration
of household exposure.

Biologic Plausibility

There is substantial literature on carcinogen-
esis in relation to breast cancer, but with more lim-
ited information directly relevant to tobacco smoke.
One key aspect of biologic plausibility of secondhand
smoke as a cause of breast cancer is the finding on
active smoking and breast cancer. Additionally, the
potential heterogeneity of breast cancer in relation to
etiologic risk factors merits consideration. Epidemio-
logic research has only recently been directed at sub-
groups of breast cancer cases, defined by phenotype,
such as estrogen and progesterone receptor status
and genotype (e.g., susceptibility [BRCAI or BRCA2]
or carcinogen metabolism [NAT?2]). To date, the evi-
dence has not consistently shown active smoking to be
associated with an increased risk in a particular
subgroup (Althuis et al. 2004; Ghadirian et al. 2004;
USDHHS 2004).
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The weight of epidemiologic evidence suggests
that active smoking is not causally related to breast
cancer risk overall (USDHHS 2001, 2004; IARC 2004).
In 2002, an international pooled analysis of 53 studies
examining alcohol and active smoking and breast can-
cer risk found that the association between smoking
and breast cancer was substantially confounded by
alcohol intake. When the analysis was limited to non-
drinkers, to exclude potential confounding by alcohol
consumption, no relationship was found between
active (former or current) smoking and breast can-
cer risk (Hamajima et al. 2002). However, this com-
bined analysis did not examine relationships by dose/
duration of smoking or timing of tobacco use—
parameters of tobacco use that are potentially relevant
(Terry et al. 2002). Results from several recent cohort
studies show a 20 to 60 percent increase in the RR with
20 or more years of active smoking (Terry et al. 2002;
Al-Delaminy et al. 2004; Reynolds et al. 2004; Gram
et al. 2005), suggesting that the risk of breast cancer
from long-term active smoking cannot be definitively
excluded. However, the participants in the pooled
analysis had an average age of approximately 52 years,
implying more than 30 years of smoking on average,
and the overall findings were null. There may now be
selective publications of reports with positive findings.
Possible consequences of smoking at an early age (i.e.,
during teenage years) for breast cancer risk continue
to be investigated (Gram et al. 2005), although a meta-
analysis of 11 studies showed that smoking before
the birth of a first child was not associated with an
increased risk (Lawlor et al. 2004). Because most of the
published studies on active smoking and breast can-
cer risk examined the association using lifetime non-
smokers as the baseline group, thus including those
involuntarily exposed, there has been concern that the
effect of active smoking is underestimated (Morabia
et al. 1996). Several recent studies have examined the
association between active smoking and breast cancer
risk after the removal of involuntary smokers from
the referent category, and the effect of active smoking
continues to be weak (Gammon et al. 2004; Reynolds
et al. 2004; Gram et al. 2005).

Some case-control studies report a twofold
increase in the RR of breast cancer in association
with secondhand smoke exposure (Morabia et al.
1996; Johnson et al. 2000; Kropp and Chang-Claude
2002). This high point estimate, higher than for
some well-established risk factors for breast cancer,
appears biologically implausible because the weight
of the evidence does not support a causal association
between active smoking and breast cancer. A recent



study reported that nonsmoking women exposed to
secondhand smoke displayed significantly decreased
levels of urinary estrone conjugates (the major metab-
olite of estrogen) throughout their menstrual cycles,
suggesting that secondhand smoke exposure may
have antiestrogenic effects (Chen et al. 2005). These
results, which need to be confirmed, suggest that both
involuntary smoking and active smoking have some
antiestrogenic consequences (Baron et al. 1990;
USDHHS 2004). There is presently no evidence to
support the hypothesis that secondhand smoke
exposure may have direct harmful effects on the
breast that are not balanced by opposing antiestro-
genic effects of involuntary smoking (Johnson 2005).
The findings were heterogeneous by meno-
pausal status. In four case-control studies (Millikan
et al. 1998; Gammon et al. 2004; Shrubsole et al. 2004;
Bonner et al. 2005) and one cohort study (Reynolds
et al. 2004), breast cancer risk was not significantly
associated with secondhand smoke exposure in
both premenopausal and postmenopausal women
(Figure7.1). All five studies examined adult household
exposures; workplace (Shrubsole et al. 2004; Bonner et
al. 2005) and childhood (Reynolds et al. 2004; Bonner
et al. 2005) secondhand smoke exposures were inves-
tigated in fewer studies. In contrast, in a case-control
study conducted in Canada (Johnson et al. 2000) and
in a cohort study conducted in Japan (Hanaoka et al.
2005), exposure to secondhand smoke was associated
with a significant twofold to threefold increased risk
in premenopausal women, whereas the RR in post-
menopausal women was around unity (Johnson et al.
2000; Hanaoka et al. 2005). The stronger association
in premenopausal women in these two studies cannot
readily be explained. Although both studies assessed
secondhand smoke exposure during childhood, risk
patterns associated with childhood versus adulthood
exposure were not presented. Thus, it is not known
whether secondhand smoke exposure during differ-
ent time periods contributed to differing risks in pre-
menopausal and postmenopausal women in these
studies. However, in two other studies of primarily
premenopausal women (Smith et al. 1994; Kropp
and Chang-Claude 2002), breast cancer risk was not
significantly influenced by secondhand smoke expo-
sure during childhood. Three other studies reported
higher (approximately threefold to sevenfold) RR esti-
mates in premenopausal women than in all women
combined (Sandler et al. 1985a; Morabia et al. 1996;
Delfino et al. 2000), but the CIs were wide, and the
actual number of premenopausal lifetime nonsmok-
ing cases and controls that were involved were not
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presented in these studies. Thus, the overall evidence
on secondhand smoke exposure and breast cancer risk
is consistent in postmenopausal women, showing no
association (Table 7.10). However, findings are not
consistent in premenopausal women.

To an extent, characteristics of premenopausal
and postmenopausal breast cancer differ. Although
the reproductive risk factors have similar effects in
premenopausal and postmenopausal cases, the effects
of obesity and physical activity vary by menopausal
status (van den Brandt et al. 2000; Friedenreich 2004).
Integrated models for breast cancer risk have been
proposed that acknowledge the potential interplay
of environmental and genetic factors across the life
course (Hankinson et al. 2004; Colditz 2005). Such
varying effects of risk factors with age would seem
most plausible for those related to endogenous estro-
gens, as well as for exogenous estrogen (Hankinson et
al. 2004). There is not yet an established biologic ratio-
nale for similarly considering that the effect of invol-
untary smoking would vary by menopausal status.
Consequently, the differing findings by menopausal
status cannot yet be interpreted within an established
biologic framework, and the findings by menopausal
status need to be interpreted with consideration of
this constraint.

For one environmental carcinogen, ionizing
radiation, there is greater susceptibility with expo-
sure in adolescence (Preston et al. 2002; NRC 2005).
By analogy, a greater RR might be anticipated for
secondhand smoke exposure during childhood, on
the assumption that exposure persists across adoles-
cence. There was no increased risk in association with
childhood exposure.

Summary

The overall evidence is mixed and does not
strongly or consistently support a causal relation-
ship between secondhand smoke and breast cancer.
Findings from prospective cohort studies and case-
control studies differ to an extent that cannot
plausibly be explained by differences in the quality
of exposure measurements. The positive association
is largely observed in case-control studies among
women with premenopausal breast cancer. While
greater susceptibility to tobacco smoke carcinogens
during adolescence or at an early age has been hypo-
thesized, there is still considerable uncertainty as to
why secondhand smoke would only affect risk for
premenopausal breast cancer. The overall pooled
estimate is elevated, but the elevation largely comes
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from the increased risks estimated for premenopausal
women in selected case-control studies. With regard
to biologic plausibility, involuntary smoking would
be expected to expose breast tissue to the carcino-
gens in secondhand smoke, as would active smoking.
However, the evidence that active smoking causes no
overall increase in breast cancer risks weighs against a
causal role for involuntary smoking.

Conclusion

1. The evidence is suggestive but not sufficient to
infer a causal relationship between secondhand
smoke and breast cancer.

Implications

Because breast cancer remains one of the most
frequent cancers, research should be continued on its
potential causes, including secondhand smoke expo-
sure. While awaiting further evidence, women should
be encouraged to avoid involuntary exposures to
secondhand smoke because of the many documented
adverse effects of inhaling secondhand smoke.

Nasal Sinus Cavity
and Nasopharyngeal Carcinoma

Nasal Sinus Cavity

Cancers of the nasal cavity and paranasal sinuses
are extremely rare; they account for less than 1 percent
of all invasive incident cancers and for less than 2 per-
cent of all newly diagnosed respiratory cancers in the
United States (Rousch 1996). Occupational exposures
such as wood dust, use of tobacco products, history of
nasal polyps, and certain dietary factors, including a
low intake of plant foods and a high intake of salted
preserved foods, have been implicated as risk factors
for these tumors (Elwood 1981; Brinton et al. 1984;
Hayes et al. 1987; Zheng et al. 1993; Demers et al. 1995;
Rousch 1996; Mannetje et al. 1999). In different stud-
ies, investigators have observed a 1.5- to 5-fold greater
risk in association with heavy smoking. Because the
association between active smoking and nasal sinus
cancers is strongest for squamous cell carcinomas, the
strength of the association between active smoking
(and secondhand smoke exposure) and all nasal sinus
cancers combined is likely to depend on the propor-
tion of squamous cell carcinomas that is included in
different studies.

A few studies have investigated the relation-
ship between secondhand smoke exposure and the
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risk of cancers in the upper respiratory tract, includ-
ing nasal sinus cavity and nasopharyngeal carcinoma
(NPC), among lifetime nonsmokers. These sites are
potentially at risk because both gases and particles
in secondhand smoke are removed to some extent
in the upper airway. In one cohort study (Hirayama
1984) and two case-control studies (Fukuda and Shi-
bata 1990; Zheng et al. 1993) conducted among Cauca-
sian men in the United States (Zheng et al. 1993) and
among women in Japan (Fukuda and Shibata 1990;
Zheng et al. 1993), secondhand smoke exposure was
associated with up to a threefold increase in risk of
nasal sinus cancer after adjusting for potential con-
founders. These studies were reviewed in detail in
the Cal/EPA report (NCI 1999), which concluded
that the positive association between risk and second-
hand smoke exposure was consistent and suggestive
of a causal association. The positive association with
secondhand smoke exposure is consistent with the
relationship between active smoking and the risk of
nasal sinus cancers. However, because the published
studies were based on very modest sample sizes, fur-
ther studies are needed to confirm the magnitude of
risk associated with secondhand smoke exposure, to
establish dose-response relationships, and to charac-
terize the risk by the source (e.g., spouse, other house-
hold members, or coworkers) and by the timing of the
exposure (current versus past exposure). The role of
potential confounders, particularly occupational expo-
sures, should be considered. Future studies should
examine the association between secondhand smoke
and nasal sinus cancer by histology type and subsite
because the effects of tobacco smoke on nasal sinus

cancers vary by both of those characteristics (Rousch
1996).

Nasopharyngeal Carcinoma

In addition to studies on the nasal sinus cav-
ity, three case-control studies investigated the role of
secondhand smoke in the etiology of NPC among life-
time nonsmokers (Yu et al. 1990; Cheng et al. 1999;
Yuan et al. 2000). NPC is rare in most populations
(rates below 1 per 100,000); an exception is the high
rate among Chinese, particularly southern Chinese
(Yu et al. 1990). Ingestion of Chinese salted fish is
an important risk factor for NPC among both high-
risk and low-risk Chinese populations. Among non-
dietary environmental exposures, tobacco smoking
has been associated with a modest increase in risk
(OR = 1.3 [95 percent CI, 0.9-1.9]) (Yu et al. 1990). An
association between active smoking and secondhand
smoke exposure and NPC is biologically plausible



because the inhalation of cigarette smoke directly
exposes the nasopharynx to carcinogens present in
tobacco smoke.

Secondhand smoke exposure was not associated
with a risk of NPC among nonsmokers in two case-
control studies (Yu et al. 1990; Cheng et al. 1999). Yu
and colleagues (1990) conducted a case-control study
of NPC in Guangzhou (Canton city), China, a high-
risk NPC area. In the local primary treatment facility
for NPC, 329 histologically confirmed incident cases
diagnosed in persons under 50 years of age were
identified between 1983 and 1985. A total of 306 NPC
cases (209 men, 97 women) were interviewed along
with an equal number of age-, gender-, and neighbor-
hood-matched controls. In 1989, Yu and colleagues
investigated dietary factors, and in 1990 they inves-
tigated nondietary environmental exposures that
included active and involuntary smoking, the lifetime
use of cigarettes and water pipes by study partici-
pants and their spouses, and the smoking patterns of
parents and other household members at the time of
birth and at 10 years of age (Yu et al. 1989, 1990).

These studies found that active smoking was a
risk factor for NPC: persons who had ever smoked
cigarettes had a risk of 1.3 (95 percent CI, 0.9-1.9)
after adjusting for relevant dietary factors such
as salted fish. There was also a significant trend
of an increase in risk with increasing amounts of
tobacco smoked (adjusted OR = 1.0 [0 pack-years],
1.2 [1 to 14 pack-years], 1.6 [15 to 29 pack-years], and
2.9 [=30 pack-years], p <0.05). Among the lifetime
nonsmokers (142 cases, 154 controls), however,
secondhand smoke exposure was not associated with
any increased risk of NPC. After adjusting for age and
gender, there was no increase in risk associated with
secondhand smoke exposure from spousal (OR = 0.8
[95 percent CI, 0.3-1.2]), paternal (OR = 0.6 [95 percent
CI, 0.3-1.2]), or maternal smoking (OR = 0.7 [95 per-
cent CI, 0.3-1.5]) (Yu et al. 1989, 1990).

A second study on active smoking, secondhand
smoke exposure, and the risk of NPC was conducted
in Taiwan, where the risk for NPC falls between that
of low- and high-risk countries (Cheng et al. 1999).
Incident cases of histologically confirmed NPC
(n = 378) among individuals who were younger than
75 years of age at diagnosis were prospectively ascer-
tained from two teaching hospitals in Taipei between
1991 and 1994. Efforts were made to individually
match controls for age, gender, and residence. A
total of 375 NPC patients (260 men, 115 women) and
327 community controls (223 men, 104 women) were
interviewed using a structured interview that asked
about secondhand smoke exposures during childhood
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and adulthood, including the number of smokers in
the household, duration of the exposures (person-
years), and cumulative exposures (pack-years and
person-years). The last two variables, duration and
cumulative exposures, were derived from information
obtained on smoking intensity and duration for each
member reported to have smoked in the household.

Participants who had ever smoked cigarettes
showed a small increase in risk (OR = 1.4 [95 percent
CI, 0.9-2.0]) after adjusting for age, gender, race, edu-
cation, family history of NPC, and drinking status.
The risk of NPC tended to increase with an increase
in the duration of cigarette smoking (OR = 1.0 [0 years
of smoking], 1.1 [1 to 24 years of smoking], and
1.7 [225 years of smoking], p for trend = 0.03). Among
lifetime nonsmokers (178 cases, 173 controls), Cheng
and colleagues (1999) observed no increased risks in
association with secondhand smoke exposure during
childhood (adjusted OR = 0.6 [95 percent CI, 0.4-1.0])
or adulthood (adjusted OR = 0.7 [95 percent CI,
0.5-1.2]). These results did not change when the dura-
tion and amount of secondhand smoke exposures
during childhood and adulthood were considered.

A third case-control study on secondhand smoke
and NPC was conducted in Shanghai, China (Yuan
et al. 2000). Similar to Taiwan, this area is also at an
intermediate risk of NPC. Between January 1987 and
September 1991, the Shanghai Cancer Registry iden-
tified 1,110 patients aged 15 through 74 years with
histologically confirmed NPC. A total of 935 eligible
patients (668 men, 267 women) were interviewed in
person and compared with 1,032 age- and gender-
matched controls randomly selected from the urban
Shanghai population. Yuan and colleagues (2000)
collected information on demographic characteris-
tics, usual dietary habits during adulthood, use of
tobacco and alcohol, lifetime exposure to secondhand
smoke, type of oils and fuels used for cooking, life-
time occupational history, history of chronic ear and
nose conditions, and family history of NPC. They also
assessed secondhand smoke exposures during child-
hood (up to 18 years of age) and adulthood (home
and workplace). If the person interviewed reported
secondhand smoke exposure from a specifichousehold
member, then the participants were asked additional
questions about the average daily amount smoked
and the number of years of smoking. Similarly, if the
response was positive to a workplace exposure, then
the participants were asked questions about the num-
ber of hours of exposure (per day, week, or month)
and duration (in years). For each exposed participant,
a summary exposure index was constructed by com-
puting a weighted average of job-specific exposures
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(number of hours exposed to secondhand smoke per
working day). The weighting factor was the number
of years at a given job divided by the total number
of years holding jobs where secondhand smoke expo-
sure occurred.

The investigators found that active smoking
was a significant risk factor for NPC among men and
women combined (OR=1.28[95 percentCI, 1.02-1.61]).
Although the increased risk was statistically significant
only for men (OR = 1.28 [95 percent CI, 1.01-1.63]), the
magnitude of the effect was comparable for women
(OR = 1.28 [95 percent CI, 0.67-2.45]). The associa-
tion between exposure to secondhand smoke and the
risk of NPC was investigated in 429 cases (187 men,
242 women) and 546 controls (240 men, 306 women)
who were lifetime nonsmokers only. Yuan and col-
leagues (2000) observed a significantly increased
risk among nonsmoking women associated with the
husbands’ smoking (adjusted OR = 3.09 [95 percent
CI, 1.48-6.46]), any household smoking (OR = 2.88
[95 percent CI, 1.39-5.96]), and coworkers’ smoking
(OR = 2.47 [95 percent CI, 1.12-5.44] for <3 hours and
3.28 [95 percent CI, 1.48-7.27] for =3 hours). How-
ever, the association between secondhand smoke
exposure and a risk of NPC among men was substan-
tially weaker. There was some increase in risk among
men whose wives smoked (OR = 1.53 [95 percent CI,
0.26-8.93]) but no increase associated with other
smokers in the household (OR = 0.92 [95 percent CI,
0.41-2.04]). A small, nonsignificant increase in risk
was associated with workplace secondhand smoke
exposure (OR = 1.32 [95 percent CI, 0.63-2.76]). These
results were found in men and women and were
adjusted for several potential confounders including
dietary factors, exposure to cooking fuels, occupa-
tional exposures, and family history.

The gender differences in secondhand smoke
associations with NPC among lifetime nonsmokers
were of borderline statistical significance. Because
there were comparable risk estimates between men
and women for active smoking and NPC, the inves-
tigators expected to find similar associations with
secondhand smoke exposure. However, this was not
the case. In addition, the researchers expected the
magnitude of risks associated with secondhand smoke
exposure to be no higher than the risks associated with
active smoking, and this also was not the case.

Conclusions

1. The evidence is suggestive but not sufficient to
infer a causal relationship between secondhand
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smoke exposure and a risk of nasal sinus cancer
among nonsmokers.

2. The evidence is inadequate to infer the presence
or absence of a causal relationship between
secondhand smoke exposure and a risk of
nasopharyngeal carcinoma among nonsmokers.

Implications

Larger studies with more complete information
on secondhand smoke exposure are needed, with
data on exposures at home and outside the home,
timing of the exposure, other potential confounders
(occupational factors), and tumor characteristics (his-
tology, subsite) to definitively establish the relation-
ship between secondhand smoke exposure and nasal
sinus cancer. Studies that are designed to investigate
the mechanism(s) of action of active smoking and
secondhand smoke exposure will help to elucidate
their respective roles in the development of nasal sinus
cancer.

Further studies that include adequate numbers
of men and women are needed to clarify whether the
significant positive association between secondhand
smoke exposure and a risk of NPC among women
might reflect a chance finding.

Cervical Cancer

Several reviews have addressed effects of expo-
sures from secondhand smoke on the risk for cervical
cancer (NCI 1999; USDHHS 2001). Since these reviews,
two studies with data on cervical cancer or abnormali-
ties of the cervix have been published (Jee et al. 1999;
Scholes et al. 1999).

Some supportive evidence from epidemiologic
and biochemical studies does exist that implicates a
role for secondhand smoke exposure in the etiology
of cervical cancer among nonsmokers. In a Japanese
cohort study, the investigators observed a nonsig-
nificant 15 percent increase in risk of cervical can-
cer among nonsmoking wives associated with the
husbands” smoking (Hirayama 1981). However, no
association was found between the husbands’ smok-
ing and a risk of cervical cancer among participants
in a Korean cohort study (adjusted OR = 0.9 [95 per-
cent CI, 0.6-1.2]) (Jee et al. 1999). Among the case-
control studies, a significant positive association was
observed in two studies (Sandler et al. 1985b; Slattery
et al. 1989). In the third case-control study, Coker and



colleagues (1992) found that spousal secondhand
smoke was associated with an increased risk of cervical
cancer and intraepithelial neoplasia among nonsmok-
ers that was of borderline statistical significance.

In the United States, Scholes and colleagues
(1999) investigated the role of active smoking and
secondhand smoke exposure in the etiology of lower
grade cervical abnormalities at the Group Health
Cooperative of Puget Sound in western Washington
state. Between 1995 and 1996, a population-based
automated cervical cytology database was used to
identify women 18 years of age or older who had
had cervical cytologic testing. Women with severe
dysplastic changes (cervical intraepithelial neoplasia
[CIN] 3) or invasive cervical cancer (Class 5 and 6 Pap
smear results) were excluded from the study. Women
with mild or moderate dysplastic cytologic changes
(Class 3 or 4 Pap smear results, also known as CIN 1 or
2) or Class 2 changes with epithelial cell abnormalities
were classified as cases, and women with normal or
Class 1 cytology results served as the control group.

Women aged 18 through 44 years who were
not pregnant and did not have a history of hysterec-
tomy were contacted and interviewed by telephone
using a behavioral survey that included questions
on active smoking and secondhand smoke exposure.
Participants were specifically asked whether they had
ever smoked as many as 100 cigarettes in their life-
time. Smokers who averaged one cigarette or more
per day during the past 12 months were classified as
current smokers. Women who had smoked at least
100 cigarettes in their lifetime but did not smoke daily
now were classified as former smokers. Exposure to
secondhand smoke was based on the smoking patterns
of husbands or partners or other household members
(Scholes et al. 1999).
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A total of 2,448 women—582 cases (i.e., 465
had Class 2 and 117 had Class 3 to 4 Pap smear
results) and 1,866 controls (i.e., normal cytology)—
were included in this analysis. Fifty-four percent
(n=315) of cases and 62 percent (n = 1,158) of controls
were lifetime nonsmokers. Compared with lifetime
nonsmokers, current smokers had an increased risk of
an abnormal Pap smear (adjusted OR = 1.4 [95 percent
CI, 1.1-1.8]) but former smokers did not (adjusted
OR = 1.0 [95 percent CI, 0.8-1.3]). Compared with
unexposed lifetime nonsmokers, nonsmokers who
were exposed to secondhand smoke also showed
an increased risk of abnormal Pap smear results
of Class 2 to 4 (adjusted OR = 1.4 [95 percent CI,
1.0-2.0]). These results were adjusted for the lifetime
number of sexual partners, age, and age at first sexual
intercourse.

Conclusion

1. The evidence is inadequate to infer the presence
or absence of a causal relationship between
secondhand smoke exposure and the risk of
cervical cancer among lifetime nonsmokers.

Implications

There is a need for additional studies with ade-
quate sample sizes and more complete information on
secondhand smoke exposures, including exposures
at home and outside the home and the timing of the
exposure, and other potential confounders to defini-
tively establish an association between secondhand
smoke exposure and the risk for cervical cancer and
cervical abnormalities.

Cancer Among Adults from Exposure to Secondhand Smoke 483



Surgeon General’s Report

Conclusions

Lung Cancer

1. The evidence is sufficient to infer a causal
relationship between secondhand smoke expo-
sure and lung cancer among lifetime nonsmokers.
This conclusion extends to all secondhand smoke
exposure, regardless of location.

2. The pooled evidence indicates a 20 to 30 percent
increase in the risk of lung cancer from secondhand
smoke exposure associated with living with a
smoker.

Breast Cancer

3. The evidence is suggestive but not sufficient to
infer a causal relationship between secondhand
smoke and breast cancer.

Overall Implications

Nasal Sinus Cavity and Nasopharyngeal Carcinoma

4. The evidence is suggestive but not sufficient to
infer a causal relationship between secondhand
smoke exposure and a risk of nasal sinus cancer
among nonsmokers.

5. The evidence is inadequate to infer the presence
or absence of a causal relationship between
secondhand smoke exposure and a risk of
nasopharyngeal carcinoma among nonsmokers.

Cervical Cancer

6. The evidence is inadequate to infer the presence
or absence of a causal relationship between
secondhand smoke exposure and the risk of
cervical cancer among lifetime nonsmokers.

The California Environmental Protection Agency
(Cal/EPA) has estimated that more than 3,000 (a range
of 3,423 to 8,866) lung cancer deaths in the United
States each year are attributable to secondhand smoke
exposure (Cal/EPA 2005). The estimated number of
lung cancer deaths for men (a range of 863 to 3,498)
was lower than the estimated number of deaths for
women (a range of 2,560 to 5,368), because a lower
proportion of nonsmoking men are exposed to spou-
sal smoking. However, the estimate for men did not
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consider the potential risk from secondhand smoke
exposure at work or in other venues where exposures
may be higher for men than for women (Cal/EPA
2005).

There is a need for additional research on the
risks of other cancers related to secondhand smoke
exposure, particularly nasal sinus cancer, breast
cancer in both premenopausal and postmenopausal
women, nasopharyngeal carcinoma, and cervical
cancer.



Appendix 7.1

Details of Recent Lung Cancer Studies
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Cohort Studies on the Relationship
of Exposure to Secondhand Smoke
and Lung Cancer

Nishino and colleagues (2001) investigated the
relationship between secondhand smoke exposure
at home and the incidence of lung and other cancers
in a population-based, prospective study of lifetime
nonsmoking women who lived in Miyagi Prefec-
ture, Japan. At the time of enrollment in 1984, 31,345
persons (13,992 men and 17,353 women) completed
a baseline questionnaire on smoking, drinking and
dietary habits, and reproductive history. To assess
residential secondhand smoke exposure, the par-
ticipants were asked to identify any smokers in their
households (husband, wife, father, mother, children,
or other household members).

Of the 10,334 lifetime nonsmoking women, 9,675
had no history of cancer and had a complete history
of secondhand smoke exposure that included the
smoking status of the husband and other household
members. Nishino and colleagues (2001) used the pop-
ulation-based cancer registry of Miyagi Prefecture to
identify 24 nonsmoking women who had developed
lung cancer during the nine-year follow-up period.
These investigators also found that the relative risk
(RR) for lung cancer was higher among women whose
husbands were smokers (1.9 [95 percent confidence
interval (CI), 0.8-4.4]) than among women married to
nonsmokers. This risk estimate was slightly weakened
(RR = 1.8 [95 percent CI, 0.7-4.6]) after further adjust-
ment for demographic characteristics and fruit and
vegetable intake. When the smoking status of the hus-
bands and other household members were considered
jointly, the risk of lung cancer was 1.2 (95 percent CI,
0.3-4.0) among women who were exposed to second-
hand smoke. The very small number of persons with
lung cancer in each category of secondhand smoke
exposure limits the interpretation of this study.

Jee and colleagues (1999) evaluated the rela-
tionship between smoking by the husbands and lung
cancer incidence among 157,436 nonsmoking women
in Korea whose husbands were enrolled in a health
insurance plan. At the time of enrollment in 1992,
information on the smoking patterns of the husbands
(never, former, current smoker) was obtained during
routine medical examinations, and was reassessed

two years later. The classification of exposure to
secondhand smoke was based on smoking intensity
(the number of cigarettes currently smoked) and
duration (the number of years of continuous smok-
ing to date). During the three and one-half years of
follow-up, Jee and colleagues (1999) identified 79 per-
sons with lung cancer both existing and newly inci-
dent during follow-up.

The adjusted lung cancer incidence rates were
30 percent higher (RR = 1.3 [95 percent CI, 0.6-2.7])
among women whose husbands were former smokers
and 90 percent higher (RR =1.9[95 percent CI, 1.0-3.5])
among women whose husbands were current smok-
ers compared with women married to nonsmokers.
Jee and colleagues (1999) also noted a significant trend
in risk with an increase in the duration of exposure.
For example, the RR for women who were exposed to
secondhand smoke for 1 to 29 years was 1.6, and the
RR for those who were exposed for 30 or more years
was 3.1 (p trend <0.01). There was not a similar trend
with an increase in the amount smoked: the RR for
women whose husbands smoked 1 to 19 cigarettes per
day was 2.0, and the RR for women whose husbands
smoked 20 or more cigarettes per day was 1.5 (p trend
<0.1). Other characteristics of husbands who smoked,
such as occupation, alcohol intake, and vegetable con-
sumption, did not significantly influence the risk of
lung cancer in their wives (Jee et al. 1999). Although a
risk of breast cancer was also significantly associated
with the husbands’ smoking patterns (see “Breast
Cancer” earlier in this chapter), there was no signifi-
cant influence on the wives’ risk of developing other
cancers, including cancers of the cervix, stomach, and
liver.

de Waard and colleagues (1995) conducted a
nested case-control study of lung cancer that used
the urinary cotinine level as a marker of secondhand
smoke exposure. In 1975, the investigators established
a cohort of 14,697 women from Utrecht, Nether-
lands, to study breast cancer risk factors. There was a
second screening one year later and baseline urine
samples were collected from 12,865 women. In 1982
and 1983, the same investigators enrolled another
breast screening cohort and collected urine speci-
mens from more than 12,000 women aged 40 through
49 years. In 1989, 1991, and 1992, these cohorts were
linked to the Netherlands Cancer Registry, and the
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researchers identified 92 women who had died of
lung cancer (69 smokers, 23 nonsmokers). From the
same cohorts, two to four comparably age-matched
controls donated urine specimens on the same day
that the cases were selected. Smoking status was
assessed from self-reports at the time of urine col-
lection. A total of 448 participants (257 smokers,
191 nonsmokers) participated in an evaluation of the
risk of lung cancer in relation to urinary cotinine lev-
els and self-reported smoking status (de Waard et
al. 1995).

All self-reported nonsmokers had urinary coti-
nine levels of less than 100 nanograms per milligram
(ng/mg) of creatinine; all active smokers had lev-
els above that amount. The RR of lung cancer was
1.0 for the reference group (persons whose urinary
cotinine levels were less than 100 ng/mg of creati-
nine), 1.3 for persons with levels of 100 to 900 ng/mg,
10.3 for those with levels of 901 to 2,251 ng/mg, and
9.8 for those with levels greater than 2,251 ng/mg. For
nonsmokers (23 persons with lung cancer and 191 per-
sons without lung cancer), the RR of lung cancer was
1.0 for persons with urinary cotinine levels of less than
9.2 ng/mg of creatinine, 2.7 for those with levels of
9.2 to 23.4 ng/mg, and 2.4 for those with levels greater
than 23.4 ng/mg. Using a biomarker as an exposure
classification, de Waard and colleagues (1995) con-
firmed that secondhand smoke exposure is a risk
factor for lung cancer among nonsmokers. These
results established a relationship between exposure to
secondhand smoke and cotinine levels measured in
urine samples from a cohort of women followed for
up to 15 years. Because information on self-reported
secondhand smoke exposure was not available, the
investigators could not compare risk estimates in rela-
tion to both urinary cotinine and self-reported second-
hand smoke exposure in this study population.

Speizer and colleagues (1999) investigated the
relationship between secondhand smoke exposure
and lung cancer risk using data from the Nurses
Health Study (NHS). Women who were eligible
(n = 118,251) for inclusion in this analysis were free
from cancer (except nonmelanoma skin cancer) at
baseline and had responded to the 1982 questionnaire
that assessed childhood and current adult tobacco
smoke exposures at home, at work, and in other set-
tings. After 16 years of follow-up, 593 confirmed cases
of lung cancer were identified; 58 cases occurred
among lifetime nonsmokers. Thirty-five of the 58 lung
cancers were diagnosed after 1982 and provided infor-
mation on secondhand smoke exposure. All but two
of the 35 women reported adult secondhand smoke
exposure at home and/or work; the age-adjusted RR
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for secondhand smoke exposure in adulthood was
1.5 (95 percent CI, 0.3-6.3).

This report on secondhand smoke exposure and
lung cancer in the NHS is limited by the small num-
ber of lung cancers among lifetime nonsmokers—only
a subset could be included in the analysis. Although
information on exposure during childhood was
obtained, these results were not presented. In addi-
tion, only age was considered in the analysis.

Case-Control Studies on the Relationship
of Exposure to Secondhand Smoke and
Lung Cancer

Canada and the United States

Of the 1 Canadian and 12 U.S. published case-
control studies with data on secondhand smoke expo-
sure and lung cancer risk in lifetime nonsmokers,
5 larger studies conducted in the 1990s were designed
to address potential methodologic concerns such as
misclassification of lifetime nonsmoking status, assess-
ment of secondhand smoke exposure, and inclusion
of potential confounders (Table 7.1) (Brownson et al.
1992; Stockwell et al. 1992; Fontham et al. 1994; Kabat
et al. 1995; Schwartz et al. 1996; National Cancer Insti-
tute [NCI] 1999). One population-based, case-control
study included female lung cancer patients who were
identified through 8 of the 10 Canadian provincial
cancer registries (Table 7.3) (Johnson et al. 2001). A
total of 4,089 women responded to the mailed ques-
tionnaire. Of these respondents, 1,558 had histologi-
cally confirmed primary lung cancer and 2,531 did not
have lung cancer. Of those who were eligible and who
agreed to participate, 161 cases and 1,271 controls were
identified; all were lifetime nonsmokers (i.e., they had
smoked fewer than 100 cigarettes in a lifetime). Each
respondent answered questions about the number of
regular smokers in the household, the duration of res-
idence, and a lifetime occupational history (for each
job of at least one year) that included the number of
regular smokers in the participant’s immediate work
area and the number of years at that job. This study
investigated (1) the duration and smoker-years (the
number of years of exposure weighted by the num-
ber of smokers) of residential secondhand smoke,
which was defined as residential years multiplied by
the number of regular smokers in the residence; and
(2) occupational secondhand smoke exposure, which
was defined as years worked multiplied by the num-
ber of regular smokers in the workplace.



For 71 women with lung cancer and 761 healthy
controls, all lifetime nonsmokers, Johnson and col-
leagues (2001) obtained a complete residential history
of secondhand smoke exposure that covered at least
90 percent of their lifetime. There was less informa-
tion on residential exposure to secondhand smoke
for the rest of the women. Using data from these
71 lifetime nonsmokers and 761 controls, Johnson and
colleagues (2001) found that any secondhand smoke
exposure during childhood and adulthood was
associated with an increased risk of lung cancer (odds
ratio [OR] =1.63 [95 percent CI, 0.8-3.5]) after adjust-
ing for age, province, education, and total fruit and
vegetable consumption. The total number of years
of combined residential and occupational second-
hand smoke exposure was not associated with a
significant trend of increased risks for lung cancer.
The ORs were 1.00, 1.46, 1.40, and 1.35 in association
with 0, 1 to 24, 25 to 45, and 46 or more years, respec-
tively, of combined exposure (p for trend = 0.36). The
association between secondhand smoke exposure and
risk for lung cancer was strengthened when the total
number of smoker-years was considered. For life-
time nonsmokers, the ORs were 1.00, 0.83, 1.54, and
1.82 in association with 0, 1 to 36, 37 to 77, and 78 or
more smoker-years, respectively, of residential and
workplace secondhand smoke exposure (p for trend
=0.05) (Table 7.3) (Johnson et al. 2001).

This study was limited because assessments of
secondhand smoke exposures were available only for
44 percent (71 out of 161) of the lifetime nonsmoking
cases and 60 percent (761 of 1,271) of the lifetime non-
smoking controls. The positive associations between
lung cancer risk and residential and occupational
secondhand smoke exposures weakened substan-
tially when the analyses included participants
with less complete information on their exposures
(137 cases and 1,178 controls), or when the partici-
pants were all lifetime nonsmokers (161 cases and
1,271 controls). Although the diluted secondhand
smoke effect in all lifetime nonsmokers may be due to
random (nondifferential) misclassification, the investi-
gators acknowledged the modest overall response rate
(70 percent) from the persons who had received the
mailed questionnaire, and the relatively high propor-
tion of respondents with incomplete exposure infor-
mation. Itis unclear whether all of the missing data for
lifetime nonsmoking cases (56 percent) and controls
(40 percent) was attributable to living outside of
Canada. Comparisons of demographic characteristics
(such as social class, age, and birthplace) and char-
acteristics of persons with complete and incomplete
secondhand smoke exposure histories may provide
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some clues regarding the nature of bias (if any) as a
result of the missing information.

European Countries

Case-control studies from Greece (Trichopoulos
et al. 1981; Kalandidi et al. 1990), the United Kingdom
(Lee et al. 1986), Sweden (Pershagen et al. 1987; Svens-
son et al. 1989; Nyberg et al. 1998a), Germany (Jockel
et al. 1998; Kreuzer et al. 2000, 2001), Russia (Zaridze
et al. 1998), and a multicenter European study (Bof-
fetta et al. 1998) have investigated the relationship
between secondhand smoke and lung cancer risk
among nonsmokers. As with the U.S. studies, those
studies published before 1992 were generally small
(Trichopoulos et al. 1981; Lee et al. 1986; Pershagen
et al. 1987; Svensson et al. 1989), and the exposure
assessments were based largely on the husband’s
smoking habits (Trichopoulos et al. 1981; Pershagen
et al. 1987). Three studies (Jockel et al. 1998; Nyberg et
al. 1998a; Kreuzer et al. 2000, 2001) that were part of
the European multicenter study (Boffetta et al. 1998)
were also published as separate reports. These inves-
tigators not only examined the usual measures of
secondhand smoke exposure, such as ever exposed,
years of exposure, and amount of exposure, but they
also evaluated risk patterns in association with mea-
sures of the intensity of the exposure, including the
number of hours, the number of smokers, how recently
the exposure occurred, and a subjective index of smo-
kiness defined as (1) not visible but smellable, (2) vis-
ible, and (3) very smoky (Jockel et al. 1998; Nyberg et
al. 1998a; Kreuzer et al. 2000). Updated results from
Sweden (Nyberg et al. 1998a) and Germany (Kreuzer
et al. 2000) showed significant increases in the num-
bers of cases and controls than were in the multicenter
European study (Boffetta et al. 1998). The discussion
that follows describes studies from Russia (Zaridze et
al. 1998), Sweden (Nyberg et al. 1998a), and Germany
(Jockel et al. 1998; Kreuzer et al. 2000).

The results of the first large, multicenter study
of secondhand smoke and lung cancer that was con-
ducted at 12 centers in seven European countries
by the International Agency for Research on Cancer
were published in 1998 (Boffetta et al. 1998). Five
centers were hospital-based, one was hospital- and
community-based, and six were community-based.
Instead of a single protocol, this study incorporated a
core of common questions used by all 12 centers. The
selection of controls varied by center: controls were
individually matched to cases by gender and age in
some centers and by frequency matching in others.
Nonsmoking status was defined as smoking no more
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than 400 cigarettes in a lifetime. For men and women
combined, the overall RR for lung cancer associated
with ever having had a childhood exposure to sec-
ondhand smoke was 0.78 (95 percent CI, 0.64-0.96).
The RR was 1.16 (95 percent CI, 0.93-1.44) among
those with spousal secondhand smoke exposure and
1.17 (95 percent CI, 0.94-1.45) among those with work-
place secondhand smoke exposure. The investigators
found no significant trends of an increase in risk with
increasing years of exposure to spousal or workplace
secondhand smoke. However, they did observe sig-
nificant trends of an increase in risk with increasing
intensity-years (hours per day times years) of expo-
sure to spousal (p = 0.02) and workplace (p <0.01)
secondhand smoke.

Russia

This section focuses on a hospital-based, case-
control study conducted in Moscow that compared
female lifetime nonsmokers with histologically
confirmed lung cancer (n = 189) and other oncol-
ogy patients (n = 358) admitted to the same hospital
(Table 7.3) (Zaridze et al. 1998). Cases and controls
were interviewed within days of their hospital admis-
sion or before starting treatment. The investigators
based secondhand smoke exposure on the smoking
habits of parents during childhood, and of husbands,
other household members, and coworkers during
adulthood.

Smoking by the husbands was associated with
a significantly increased risk of lung cancer (OR =
1.53 [95 percent CI, 1.06-2.21]) (Table 7.3). Having a
husband who smoked papirosy, a special high-tar
(>30 mg/cigarette) and high-nicotine (>1.8 mg/
cigarette) Russian cigarette, was strongly associated
with risk (OR = 2.12 [95 percent CI, 1.32-3.40]). For
lifetime nonsmoking women with lung cancer, the risk
of lung cancer increased with the number of years a
woman had lived with a husband who smoked (dura-
tion), although there was not a clear dose-response
trend. For example, the OR was 1.86 for women who
were exposed to secondhand smoke for 1 to 15 years
and 1.42 for those who were exposed for more than
15 years (p trend = 0.07). In relation to the number
of cigarettes smoked by the husbands, the OR was
1.66 for women married to men who smoked 1 to
10 cigarettes per day and 1.35 for those married to
men who smoked more than 10 cigarettes per day
(p trend = 0.10). However, Zaridze and colleagues
(1998) found no associated risk of secondhand smoke
and lung cancer with exposure during adulthood
from household members (OR = 0.91 [95 percent
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CI, 0.58-1.42]) or from exposure at work (OR = 0.88
[95 percent CI, 0.55-1.41]) (Table 7.3). There was also
no associated risk among women who were exposed
to secondhand smoke from fathers during childhood
(OR =0.92 [95 percent CI, 0.64-1.32]).

For women with husbands who smoked, Zaridze
and colleagues (1998) found that the risks for both
squamous cell carcinoma (OR = 1.94 [95 percent CI,
0.99-3.81]) and adenocarcinoma of the lung (OR =1.52
[95 percent CI, 0.96-2.39]) were associated with expo-
sure to secondhand smoke. An association between
husbands who smoked and lung cancer risk was
more pronounced when the controls in the analyses
were restricted to women who had cancer diagnosed
in sites where cancer is not associated with active
smoking, including breast and endometrial cancer
(OR =1.82 [95 percent CI, 1.18-2.80]). This association
was weaker when the analyses included only women
who had cancer diagnosed in sites where cancer is
associated with smoking, such as cervical and gastric
cancers (OR = 1.22 [95 percent CI, 0.79-1.88]).

Although a strength of this study was that
all of the interviews were conducted with self-
respondents, limitations in the methods included
selection of controls and the failure to biochemically
validate secondhand smoke exposure. The definition
of a lifetime nonsmoker and the process used to deter-
mine and verify this status were not described, and
the investigators only adjusted for age and education
(Zaridze et al. 1998).

Sweden

This section discusses a hospital-based, case-
control study of secondhand smoke exposure and
lung cancer conducted among male and female life-
time nonsmokers in Stockholm county, Sweden,
between 1989 and 1995 (Nyberg et al. 1998a,b). The
researchers interviewed 124 lifetime nonsmokers
(35 men, 89 women) with histologically confirmed
lung cancer, and 235 frequency-matched population
controls of lifetime nonsmokers without lung cancer
(72 men, 163 women).

Nyberg and colleagues (1998a) conducted a
thorough review process to determine the lifetime
nonsmoking status of study participants. Specifically,
they contacted the next of kin of all cases (n = 124) and
of every second control (n = 118 of 235) to confirm the
lifetime nonsmoking status for 99.1 percent of the life-
time nonsmokers with lung cancer and 97.2 percent of
the lifetime nonsmokers without lung cancer (Nyberg
et al. 1998a). The authors assessed exposure to sec-
ondhand smoke using questions developed in a study



on urinary cotinine and secondhand smoke exposure
(Riboli et al. 1990) that covered childhood exposure,
domestic exposure from the spouse and other cohabi-
tants, exposure at all workplaces and other places,
and exposure in vehicles.

The investigators used gender, age, catchment
area, and other covariates to adjust the results on
secondhand smoke (Nyberg et al. 1998a). The
researchers found that secondhand smoke exposure
from spouses was associated with a small increase
in risk. This association was stronger among men
(OR = 1.96 [95 percent CI, 0.72-5.36]) than among
women (OR = 1.05 [95 percent CI, 0.60-1.86])
(Table 7.3). Any secondhand smoke exposure in
the workplace was associated with increased risks
among both men (OR = 1.89 [95 percent CI, 0.53-6.67])
and women (OR = 1.57 [95 percent CI, 0.80-3.06])
(Table 7.3). In men and women combined, a signifi-
cant trend of an increase in risk of lung cancer was
evident with more years of secondhand smoke expo-
sure at work. For example, adults who were exposed
to less than 30 years of secondhand smoke at work
had an OR of 1.40, and those who had been exposed
for 30 or more years had an OR of 2.21 (p for trend
= 0.03). When they considered hours of exposure
per day in the workplace, the investigators found
that the trends in risks associated with secondhand
smoke exposure were strengthened slightly: the OR
was 1.27 for persons who were exposed for less than
30hour-years’, and the OR was 2.51 for those who were
exposed for 30 or more hour-years (p for trend = 0.01).
Lung cancer risk in women was not associated with
secondhand smoke exposure in other indoor locations
or in vehicles (OR = 0.41 [95 percent CI, 0.09-1.75]),
but the risks increased nonsignificantly among men
(OR = 1.71 [95 percent CI, 0.49-5.98]) (Nyberg et al.
1998a). When secondhand smoke exposures from
spouses and coworkers were considered together,
those who were currently exposed (within the past
two years) had more than a twofold increase in risk
(OR = 2.12 [95 percent CI, 0.91-4.92]). The risk was
highest (OR = 2.52 [95 percent CI, 1.08-5.85]) among
individuals with the highest levels of exposure or
in the top 90th percentile of hour-years of exposure.
Paternal smoking was associated with an increased
risk among men (OR = 1.90 [95 percent CI, 0.69-5.23])
but not among women (OR =0.76 [95 percent CI, 0.42—
1.37]), whereas maternal smoking was not associated
with risk in either group (Nyberg et al. 1998a).

The Health Consequences of Involuntary Exposure to Tobacco Smoke

One weakness of this study is that 36 participants
(12 cases and 24 controls) were occasional smokers
(lifetime total of 20 to 408 packs); 11 had smoked dur-
ing the 10 years before the study. Although the inves-
tigators reported no evidence that these occasional
smokers confounded the secondhand smoke associa-
tion, results excluding this group of participants were
not presented. An important strength of this study is
that a next of kin validation substudy was conducted
using all cases and a subset of controls (Nyberg et al.
1998a). There was high concordance exhibited between
next of kin and lung cancer cases and controls with
the reported lifetime nonsmoking status of cases and
controls and their exposures to spousal secondhand
smoke. Because interviews were conducted with self-
respondents, measures of intensity such as hours of
exposure at work and at home (from spouses) were
also documented and appeared to be more sensitive
markers of exposure than duration of exposure or
amount smoked. The stronger effects associated with
current secondhand smoke exposure in this study
may partially explain the more heterogeneous results
associated with childhood secondhand smoke expo-
sure (Nyberg et al. 1998a).

Germany

One hospital-based, case-control study inves-
tigated the role of occupational exposure by includ-
ing 1,004 persons with incident lung cancer (839 men,
165 women) and an equal number of individually
matched population controls from Frankfurt, Bremen,
and surrounding areas in Germany (Jockel et al. 1998).
An analysis of secondhand smoke exposure was based
on 55 cases and 160 controls who reported that they
had never smoked regularly, which was defined as
smoking for less than six months (Jockel et al. 1998).
Almost all were also included in the European multi-
center study (Boffetta et al. 1998), but the results are
described separately because of additional data on the
intensity of the exposures.

For each source of secondhand smoke expo-
sure (childhood, spouse, workplace, transportation,
and other public places), variables of exposure were
defined based on hours of exposure, years of expo-
sure, and the degree of smokiness (defined as [1] not
visible but smellable, [2] visible, and [3] very smoky).
Participants were classified into three exposure cat-
egories: no or low exposures from a specific source

!One hour-year equals 365 hours per year, or 1 hour per day for one year.

Cancer Among Adults from Exposure to Secondhand Smoke 489



Surgeon General’s Report

if all exposure variables were below the respective
75th percentile, intermediate or medium if at least
one variable was above the respective 75th percen-
tile but below the 90th percentile, and high if at least
one variable was above the respective 90th percen-
tile. Because secondhand smoke exposure is ubiqui-
tous, this approach focused on those who were highly
exposed. The results from an earlier validation study
that used urinary cotinine among healthy women in
the Bremen area showed that the misclassification of
questionnaire-based secondhand smoke exposure
tends to be greater in the lower three quartiles of expo-
sure than in the top quartile (Becher et al. 1992).

After adjusting for gender, age, and region,
there was a small increased risk associated with
ever having lived with a smoking spouse (OR = 1.12
[95 percent CI, 0.54-2.32]) (Table 7.3) (Jockel et al.
1998). When persons were reclassified to no or low
spousal secondhand smoke exposure, or to medium
and high exposure (low = all exposure variables
below the 75th percentile, medium = at least one
variable above the 75th percentile but below the
90th percentile, and high = at least one variable
above the 90th percentile), the investigators found
that those with a medium exposure showed a risk of
0.22 (95 percent CI, 0.05-1.07) and those with a
high exposure showed a risk of 1.87 (95 percent CI,
0.45-7.74). Persons with a high secondhand smoke
exposure during childhood, with exposures from
other sources during adulthood including workplace,
public transportation, and other public places, and
persons with a high total of associated secondhand
smoke exposures in childhood and in adulthood had
a twofold to threefold increase in risk. The investiga-
tors also noted that individuals with high combined
exposures during childhood and adulthood had a
significantly increased risk (OR = 3.24 [95 percent CI,
1.44-7.32]) of lung cancer than did those with no or
low secondhand smoke exposure (Table 7.3) (Jockel
et al. 1998). In this and another study from Germany
(Kreuzer et al. 2000, 2001), any effect of secondhand
smoke exposure on lung cancer risk was stronger
among those who were highly exposed.

One clinic-based, case-control study was
designed to investigate the role of radon in the eti-
ology of lung cancer in East and West Germany
(Kreuzer et al. 2000). Persons with histologically
confirmed lung cancer and frequency-matched

population controls were interviewed. The analy-
sis included 292 adults (234 women, 58 men) and
1,338 controls (535 women, 803 men) who had smoked
fewer than 400 cigarettes during their life (lifetime
nonsmokers) (Table 7.3). A subset of these lifetime
nonsmokers (173 cases and 215 controls) was previ-
ously included in the European multicenter study
(Boffetta et al. 1998) as part of the data collected in
Germany (referred to as Germany 2 and Germany 3 in
the report by Boffetta et al. 1998). The interviews with
the participants included questions on secondhand
smoke exposure during childhood, from spouses and
other cohabitants, at all workplaces and other pub-
lic places, and in vehicles. Besides classifying per-
sons by ever or never having an exposure to various
sources of secondhand smoke, the study determined
several measures of intensity that included the dura-
tion of exposure (in hours) during childhood; spousal
and workplace exposures; pack-years* of exposure
from spouses; and a weighted duration of exposure
(based on hours of exposure and the level of smoki-
ness) at work, in other indoor settings, and in vehicles
(Kreuzer et al. 2000).

After the investigators adjusted for age and
region, they found that the risk of lung cancer among
female lifetime nonsmokers was not significantly
associated with secondhand smoke exposure dur-
ing childhood (OR = 0.78 [95 percent CI, 0.56-1.08])
or adulthood, including exposure from husbands
(OR = 0.96 [95 percent CI, 0.70-1.33]), in the work-
place (OR = 1.14 [95 percent CI, 0.83-1.57]), in vehicles
(OR = 0.96 [95 percent CI, 0.57-1.60]), and in other
indoor settings (OR = 0.95 [95 percent CI, 0.66-1.38]).
Similar results were obtained when they considered
cumulative pack-years of exposure from husbands,
or duration of exposure (in hours) during childhood
and from spouses (Kreuzer et al. 2000). However, the
risk was substantially higher when they considered
weighted duration of secondhand smoke exposure
(hours times the level of smokiness) at the workplace.
There were statistically significant risks (twofold
greater) in association with the highest levels of dura-
tion (i.e., hours) and with weighted duration of work-
place exposures. The risk of lung cancer among women
also increased in relation to the weighted duration of
secondhand smoke from all sources (hours times the
level of smokiness): the ORs were 0.87 (95 percent
CI, 0.57-1.34) for those with no or low exposure and

2Pack-years = The number of years of smoking multiplied by the number of packs of cigarettes smoked per day.
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1.51 (95 percent CI, 0.97-2.33) for those with medium
or high secondhand smoke exposures (p trend = 0.21).
When the investigators considered the weighted
duration of the exposure outside the home, the ORs
were 1.38 (95 percent CI, 0.74-2.57) for those with low
or no exposure and 1.99 (95 percent CI, 0.95-4.15) for
those with medium or high exposures (p trend = 0.11)
(Kreuzer et al. 2000). Because of the smaller numbers
of male lifetime nonsmokers in the study, the inves-
tigators noted that a risk of lung cancer among men
was not significantly associated with secondhand
smoke exposures from their wives’ smoking (OR = 0.8
[95 percent CI, 0.11-6.38] for a high exposure) or in
the workplace (OR = 1.1 [95 percent CI, 0.47-2.70] for
a high exposure) (Kreuzer et al. 2001). In this study,
effects were not confounded by social class; a fam-
ily history of lung cancer; occupational exposure to
carcinogens; radon in their residence; previous lung
disease; and consumption of carrots, salad, or fresh
fruits. The risk estimate associated with a high expo-
sure from all sources combined remained essentially
unchanged when each covariate was included in the
regression model.

Adenocarcinoma of the lung accounted for
59 percent (n = 173) of the lung cancers among life-
time nonsmokers in this study population (Table 7.3)
(Kreuzer et al. 2000). Results were generally similar
in cell-type specific analyses (adenocarcinoma ver-
sus nonadenocarcinoma) among women and with
both genders combined. Spousal smoking was not
associated with a risk for adenocarcinoma or for other
types of lung cancer. Secondhand smoke exposure
at work was associated with increased risks for both
adenocarcinoma and nonadenocarcinoma that were
qualitatively similar, but the result was statistically
significant only for the latter group.

Using a combined index of exposures dur-
ing childhood and adulthood, Jockel and colleagues
(1998) found increased risks of lung cancer in
association with high secondhand smoke exposures.
Kreuzer and colleagues (2000, 2001) found that high
levels of secondhand smoke exposure at the work-
place in terms of hours or weighted duration (hours
times smokiness) were associated with an increased
risk of lung cancer. Although this exposure mea-
sure cannot be validated because it is self-reported,
it appears to identify a highly exposed group that is
at an increased risk. Undoubtedly, questions such as
hours of exposure, number of smokers, and level of
smokiness can be asked directly only when conduct-
ing interviews with both cases and controls. Because
these two studies included only self-respondents
who were well enough to participate in an interview
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lasting at least an hour, the information may be valid
and useful for identifying an at-risk subgroup: those
in the highest category of exposure.

A hospital-based study of lung cancer was con-
ducted among Czech women in Prague to investigate
the role of active smoking and secondhand smoke
(Kubik et al. 2001). The researchers interviewed
females diagnosed with a histologically confirmed
lung cancer (n = 140) and control participants who
were spouses, relatives, or friends of other patients in
the hospital (n = 462). The investigators based second-
hand smoke exposure on the smoking behaviors of
parents, husbands, cohabitants, and coworkers. Spe-
cifically, participants were asked to assess the number
of hours per day spent in smoky rooms (at home, at
work, and elsewhere) as adults and exposure during
childhood before 16 years of age. Using data from
24 cases and 176 controls who were lifetime nonsmok-
ers (i.e., they had smoked fewer than 100 cigarettes in
a lifetime), these investigators found that any second-
hand smoke exposure during childhood was associ-
ated with an increased risk of lung cancer (OR = 2.02
[95 percent CI, 0.8-4.9]) after adjusting for age, resi-
dence, and education. The OR was 1.17 (95 percent CI,
0.2-5.6) among women exposed to secondhand smoke
as adults (defined as >3 hours per day). For women
with both childhood and adulthood exposures, the
OR was 3.68 (95 percent CI, 0.6-21.9).

Although this study attempted to obtain infor-
mation on secondhand smoke exposure at home and
outside of the home during childhood and adulthood,
the sample size of lifetime nonsmoking lung cancer
patients was limited, and the appropriateness of the
control groups was uncertain. Information on poten-
tial confounders was also lacking.

Chinese in Taiwan, Singapore, Hong Kong,
and the People’s Republic of China

Chinese women have a high incidence of lung
cancer despite a low prevalence of active smoking
(Wu-Williams et al. 1990). This elevated incidence,
particularly of adenocarcinoma of the lung, has been
noted for Chinese women residing in Singapore (Law
et al. 1976), Hong Kong (Kung et al. 1984), Shanghai
(Gao et al. 1988), and northern China (Xu et al. 1989).
A number of case-control studies have investigated
secondhand smoke and other sources of indoor air
pollution as possible explanations for the high lung
cancer rates among Chinese women. Some of the
study locations were selected specifically because of
local cooking or heating practices considered to be
possible sources of carcinogenic indoor pollutants
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(Wu-Williams et al. 1990; Liu et al. 1991; Wang et al.
2000). These locations were Hong Kong (Chan and
Fung 1982; Koo et al. 1987; Lam et al. 1987), Taiwan
(Ko et al. 1997; Lee et al. 2000), Singapore (Seow et al.
2000), and the People’s Republic of China: Guangdong
Province in the south (Liu et al. 1993; Du et al. 1996;
Lei et al. 1996), Xuanwei County in Yunnan Province
(Liu et al. 1991), urban regions including Shanghai
(Gao et al. 1987; Zhong et al. 1999), Nanjing (Shen et al.
1998), Tianjin (Geng et al. 1988), Harbin and Shenyang
in northeastern China (Wu-Williams et al. 1990; Wang
et al. 1994, 1996), and Gansu Province in northwest-
ern China (Wang et al. 2000). Study methods and data
quality were quite varied. Six of these studies had
large sample sizes (Gao et al. 1987; Wu-Williams et al.
1990; Zhong et al. 1999; Lee et al. 2000; Seow et al. 2000;
Wang et al. 2000), four were population-based (Gao et
al. 1987; Wu-Williams et al. 1990; Zhong et al. 1999;
Wang et al. 2000), and two were hospital-based (Lee
et al. 2000; Seow et al. 2000). In the four largest stud-
ies, exposure to secondhand smoke was assessed from
smoking by spouses, by other household members
during childhood and adulthood, and by others in the
workplace (Wu-Williams et al. 1990; Zhong et al. 1999;
Lee et al. 2000; Wang et al. 2000). Although these four
studies provided detailed information on secondhand
smoke exposures and potential confounders, other
studies included no information on key features such
as age range of participants (Lei et al. 1996; Shen et al.
1996), the definition of lifetime nonsmokers (Wang et
al. 1994, 1996; Lei et al. 1996; Shen et al. 1996, 1998),
and response rates (Wang et al. 1994, 1996; Shen et al.
1996, 1998). In an early study conducted in Shanghai
(Gao et al. 1987), secondhand smoke exposure was
based only on smoking habits of the husbands. The
study conducted in Singapore asked a single question
about secondhand smoke exposure at home (Seow et
al. 2000). Four studies presented crude risk estimates
associated with secondhand smoke exposure (Wang et
al. 1994; Lei et al. 1996; Shen et al. 1996, 1998). Studies
also varied in the degree of pathologic confirmation,
particularly those conducted in the People’s Repub-
lic of China, and the proportion of histologically con-
firmed participants was generally considerably lower
than in studies conducted in western countries or else-
where in Asia (Table 7.3).

Taiwan

A hospital-based study of lung cancer conducted
in Kaohsiung, an industrialized city in southern Tai-
wan, investigated the role of secondhand smoke, pre-
vious lung diseases, cooking practices, and the indoor
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environment (Ko et al. 1997; Lee et al. 2000). The
investigators compared secondhand smoke exposure
and other lifestyle factors of female lifetime nonsmok-
ers who had a histologically confirmed lung cancer
(n = 268), and of hospital controls who were oph-
thalmic or orthopedic patients or who were admit-
ted to the same hospital for physical check-ups
(n = 445) (Table 7.3) (Lee et al. 2000). Information on
secondhand smoke exposure during childhood (aged
<19 years) and adulthood (aged =19 years) at home
and at work was obtained from a structured inter-
view with the study participants. Secondhand smoke
exposures were classified as no exposure, absence
(secondhand smoke exposure but not in the presence
of the participant), and presence of secondhand smoke
exposure in the presence of the study participant.

In their analysis, Lee and colleagues (2000)
adjusted for demographic characteristics and other
potential confounders. These investigators found that
husbands who smoked in the presence of participants
significantly increased participants’ risk of lung can-
cer (OR = 2.2 [95 percent CI, 1.5-3.3]). The study also
noted a significant trend of an increase in risk among
wives with increasing pack-years smoked by the
husbands: the OR was 1.5 for 1 to 20 pack-years,
2.5 for 21 to 40 pack-years, and 3.3 for more than
40 pack-years.

There were nonsignificant increases in risks of
1.2 to 1.5 in association with other sources of second-
hand smoke exposure during adulthood, including
exposures from other family members at home and
from coworkers at work (Lee et al. 2000). The risk of
lung cancer increased significantly in association with
a combined index of all sources of exposure during
adulthood. For those with no reported exposure in
the reference category, the OR was 1; for those with
cumulative exposures of 1 to 20 smoker-years, the OR
was 1.2; for 21 to 40 smoker-years, the OR was 1.4; and
for 41 or more smoker-years, the OR was 2.2 (p trend
= 0.002). The risk of lung cancer increased in associa-
tion with smoking in the presence of the study partici-
pant during childhood by fathers (OR =1.7 [95 percent
CI, 1.1-2.6]) and other family members (OR = 1.4
[95 percent CI, 0.8-2.2]) but not by mothers (OR = 0.9
[95 percent CI, 0.3-3.1]). The investigators also
observed a significant trend of an increase in risk
among women with increasing secondhand smoke
exposures during childhood: the ORs were 1.5 for
exposures of 1 to 20 smoker-years and 1.8 for expo-
sures of more than 20 smoker-years (p for trend =
0.01). When exposures during childhood and adult-
hood were considered together, individuals with
childhood exposures and with the highest levels of



exposure during adulthood, defined as 40 or more
smoker-years, showed more than a fourfold increase
in risk (OR = 4.7 [95 percent CI, 2.4-9.4]) compared
with individuals with no exposures.

One strength of this study is the assessment of
smoking by family members and coworkers in the
presence of the study participants. In fact, the risks
associated with secondhand smoke exposure during
childhood, from husbands, and from coworkers were
invariably higher when the exposure was in the pres-
ence of the study participants. The risk estimates were
reduced when the comparison was between women
with no exposure and those with any exposure (com-
bining absence and presence). The ORs associated
with smoking by fathers (1.19), by other family mem-
bers during childhood (1.11), by husbands (1.72), by
other family members during adulthood (1.27), and
by coworkers (1.24) showed weaker effects. These
effects were similar to the risk estimates reported in
other studies when secondhand smoke exposure in
the presence of the study participants was not specifi-
cally distinguished.

Singapore

A hospital-based, case-control study in Singa-
pore included women who had pathologically con-
firmed primary lung cancer (n = 303), and controls
who were admitted to the same hospital (n = 756) but
did not have a history of malignant or chronic respira-
tory disease, heart disease, or renal failure (Seow et
al. 2000, 2002). All participants were interviewed in
person using a standardized questionnaire that asked
extensively about diet, reproductive history, and
cooking practices, but the question on secondhand
smoke exposure was crude. Persons were asked a sin-
gle question regarding secondhand smoke exposure:
whether any household members (spouse, parents,
children, or any other relative or friend) had smoked
in their presence more often than once a week.

Of the total cases and controls interviewed,
176 cases and 663 controls were lifetime nonsmokers,
defined as fewer than one cigarette a day for a year
(Table 7.3). Based on the single question on second-
hand smoke exposure during childhood and adult-
hood, an estimated 52 percent of cases and 45 percent
of controls had been exposed to secondhand smoke at
home at least weekly. The OR was 1.3 (95 percent CI,
0.9-1.8) after adjusting for dietary and nondietary fac-
tors (Table 7.3) (Seow et al. 2002). Although this study
is well-designed, information on secondhand smoke
exposure was extremely limited.

The Health Consequences of Involuntary Exposure to Tobacco Smoke

Hong Kong and Southern China

Three studies from Hong Kong (Chan and
Fung 1982; Koo et al. 1987; Lam et al. 1987) and three
from southern China (Liu et al. 1991, 1993; Lei et al.
1996) have investigated the role of spousal smoking
and lung cancer risk among women who had never
smoked. Only one study (Lei et al. 1996) had not been
previously reviewed (U.S. Environmental Protection
Agency [USEPA] 1992; NCI 1999). Two studies found
that exposure to smoking by the husbands was associ-
ated with a statistically significant increase in the risk
of lung cancer among lifetime nonsmokers (Lam et al.
1987; Liu et al. 1993).

The role of secondhand smoke exposure
in the risk of lung cancer mortality was investi-
gated in a case-control study in Guangzhou, China
(Table 7.3) (Du et al. 1996; Lei et al. 1996). The inves-
tigators reviewed death records maintained by the
local police stations in the study area. All registered
deaths from primary lung cancer (n = 831) of persons
who had resided in Guangzhou for at least 10 years
were considered eligible for the study. After exclud-
ing persons with a history of respiratory diseases or
tumors, the investigators successfully identified con-
trols for 792 of the 831 lung cancer deaths that were
then matched by gender, age, same year of death, and
block of residence. A standardized interview asked
spouses or cohabiting relatives of the decedents about
active smoking, exposure to secondhand smoke, liv-
ing conditions, cooking facilities, exposure to coal
dust, and dietary habits.

A total of 126 adults with a registered death of
lung cancer (85 women, 41 men) and 270 matched
adults who had died of causes other than lung cancer
(147 women, 123 men) were classified as nonsmok-
ers, but the analysis was based on 75 women who
had died of lung cancer and 128 women who had
died of other causes. Nonsmoking women married
to smokers had a small increase in risk of lung cancer
(OR =1.19 [95 percent CI, 0.66-2.16]) (Table 7.3) (Du et
al. 1996; Lei et al. 1996). Compared with nonsmoking
women married to nonsmokers, women exposed to
1to 19 cigarettes per day had an OR of 0.72 and women
exposed to 20 or more cigarettes per day an OR of
1.62 (p for trend = 0.20). Risk did not significantly
increase in association with duration of the husbands’
smoking. For example, the OR for an exposure of 1 to
29 years was 1.39 compared with an OR of 1.17 for an
exposure of 30 or more years (Du et al. 1996; Lei et al.
1996).
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There are noted limitations in the study methods
(see “Chinese in Taiwan, Singapore, Hong Kong, and
the People’s Republic of China” earlier in this chap-
ter). Some of the adults who died of causes other than
lung cancer may have had smoking-related diseases,
because only those with respiratory diseases or other
tumors were excluded from the analyses. In addi-
tion, the accuracy of a diagnosis of lung cancer based
on reviewed death records is not known for China,
and the quality and completeness of information on
secondhand smoke exposures obtained from next of
kin were not described.

Urban Areas in Central and Northern China

Six studies were conducted in central and north-
ern China (Gao et al. 1987; Geng et al. 1988; USEPA
1992; Shen et al. 1996, 1998; Zhong et al. 1999).
Secondhand smoke exposure from the husbands’
smoking was implicated as a risk factor in the studies
conducted in Shanghai (Gao et al. 1987) and in Tianjin
(Geng et al. 1988; USEPA 1992). Shen and colleagues
(1996) examined lung cancer among long-term (at
least 20 years) female residents of Nanjing in a
hospital-based, case-control study. Shen and col-
leagues (1998) then investigated the role of second-
hand smoke exposure among nonsmoking women
diagnosed with adenocarcinoma of the lung (n = 70)
and among “healthy” women individually matched
for age, neighborhood of residence, and occupation
to the women with lung cancer. A standardized ques-
tionnaire administered to study participants included
questions on secondhand smoke exposures and other
lifestyle factors.

Exposure to secondhand smoke was associ-
ated with a nonsignificant increase in the risk of
adenocarcinoma of the lung (OR = 1.63 [95 percent
CI, 0.68-3.89]) (Table 7.3) (Shen et al. 1998). No sig-
nificant trends were observed in risk with increased
numbers of cigarettes per day or increased duration
(in years) of the exposure. The investigators noted
that the risk associated with any secondhand smoke
exposure was weakened after adjusting for other fac-
tors that included chronic lung diseases, conditions of
living quarters, type of fuel used for cooking and heat-
ing, and cooking practices. It was unclear whether
the study participants were specifically asked about
secondhand smoke exposure from spouses and other
household members. The investigators also matched
the study participants for occupation, which may
have led to overmatching on certain exposures includ-
ing secondhand smoke (Shen et al. 1996, 1998).

A population-based study of female lung can-
cer patients was designed to investigate the role of

494 Chapter 7

secondhand smoke exposure and other lung cancer
risk factors in Shanghai (Zhong et al. 1999). Inter-
views that asked about active smoking, exposures to
secondhand smoke, lifetime occupational history, res-
idential history, family history of lung cancer, cook-
ing activities, and dietary habits were conducted with
649 women diagnosed with lung cancer (cases) and
675 women from the general population (controls).
Exposures to secondhand smoke in the home dur-
ing childhood and adulthood were assessed by ask-
ing about all household members who smoked: the
type of tobacco product used, the average number of
cigarettes smoked per day, and the number of years of
smoking while the participant lived in the household.
Workplace exposure to secondhand smoke for jobs
that lasted at least two years were also assessed. For
each job, questions included the number of cowork-
ers who smoked, and the total number of years and
average number of hours per day spent with smoking
coworkers (Zhong et al. 1999).

The analysis on secondhand smoke and lung
cancer among lifetime nonsmokers was based on
504 women diagnosed with lung cancer (cases)
and 601 women from the general population (con-
trols); 145 cases and 74 controls reported smok-
ing at least one cigarette per day for at least six
months. The investigators adjusted demographic
variables and other relevant covariates in the analy-
ses on secondhand smoke exposure and found that
compared with nonsmoking women married to
nonsmoking husbands, nonsmoking women mar-
ried to smokers showed a small increased risk
(OR = 1.1 [95 percent CI, 0.8-1.5]). The study docu-
mented little variation in risk when the amount or
duration of the husbands’ smoking was considered:
increased risks were 1.2 (95 percent CI, 0.8-1.7) and
1.9 (95 percent CI, 0.9-3.7) in association with second-
hand smoke exposures during adulthood at home and
atwork, respectively (Table7.3) (Zhongetal. 1999). Per-
sons with secondhand smoke exposures both at home
and at work as adults showed a significant increase in
risk (OR = 1.9 [95 percent CI, 1.1-3.5]). Further inves-
tigation of workplace secondhand smoke exposures
revealed statistically significant trends of an increase
in risk with an increase in the number of hours of daily
exposure. (For example, the OR for women exposed to
secondhand smoke 1 to 2 hours per day was 1.0; 1.6 for
those exposed 3 to 4 hours per day; and 2.9 for those
exposed >4 hours per day [p trend <0.001].) A simi-
lar trend was noted with an increase in the number
of coworkers who smoked (OR = 1.0 [1 to 2 cowork-
ers who smoked], 1.7 [3 to 4 coworkers who smoked],



and 3.0 [>4 coworkers] [p trend <0.001]). However,
the trend for risk with an increasing number of years
of secondhand smoke exposure at work was not sig-
nificant (OR =1.0 [0 years], 2.0 [1 to 12 years], 1.4 [13 to
24 years], and 1.8 [>24 years] [p trend = 0.50]). Women
with only a childhood exposure to secondhand smoke
did not show any increased risk (OR = 0.9 [95 per-
cent CI, 0.5-1.6]); the results remained similar when
the investigators considered the duration (number of
years) of exposure (Zhong et al. 1999).

Although some of the numbers became quite
sparse, Zhong and colleagues (1999) conducted sepa-
rate analyses among the 387 pathologically or cytolog-
ically confirmed lung cancer cases for adenocarcinoma
(n = 297), for nonadenocarcinoma (n = 55), and for
unknown cell types such as those diagnosed radiolog-
ically or clinically. Results associated with any work-
place secondhand smoke exposure and the husbands’
smoking were generally similar in these cell-type
specific analyses. For example, the ORs associated
with workplace secondhand smoke exposure were
1.8 (95 percent CI, 1.3-2.6) for adenocarcinoma,
1.7 (95 percent CI, 1.0-2.9) for nonadenocarcinoma,
and 1.3 (95 percent CI, 0.7-2.3) for an unknown cell
type. All three risk estimates associated with the hus-
bands’ smoking were between 1.1 and 1.2. However,
the risks associated with secondhand smoke exposure
during childhood were only substantially (but not sig-
nificantly) higher for nonadenocarcinoma (OR = 2.4
[95 percent CI, 0.9-6.4]) than for adenocarcinoma
(OR = 0.8 [95 percent CI, 0.3-1.9]), or for those with
unknown cell types (OR = 0.8). Because of this risk dif-
ference by cell type, a cumulative index of secondhand
smoke exposure during childhood and adulthood was
more strongly associated with a risk of nonadeno-
carcinoma (OR = 2.1 [95 percent CI, 0.9-4.8]) than
with adenocarcinoma (OR = 1.2 [95 percent CI,
0.7-1.8]), or with those of unknown cell types
(OR =1.0[95 percent CI, 0.5-1.8]).

Strengths of this study include the population-
based design, high response rates, high percentage
of completed interviews with self-respondents, a
comprehensive assessment of lifetime exposure to
secondhand smoke that included various measures of
intensity of exposure, and other potential confounding
factors. Although only approximately three-fourths of
the women diagnosed with lung cancer (i.e., cases)
were histologically or cytologically confirmed, the
investigators were able to conduct cell-type specific
analyses because of the large sample size (Zhong et
al. 1999).

Four case-control studies conducted in north-
ern China investigated the role of secondhand smoke
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in the etiology of lung cancer among women. The
locations included a large population-based study
in Heilongjiang Province (Wu-Williams et al. 1990)
and Gansu Province (Wang et al. 2000), and smaller
hospital-based studies in Harbin (Wang et al. 1994)
and Shenyang (Wang et al. 1996; Zhou et al. 2000). The
RR of lung cancer was below 1.0 in association with
secondhand smoke exposure in a large case-control
study conducted in northern China (Wu-Williams et
al. 1990). This observation should be considered anom-
alous as this result differs from the collective evidence
of studies conducted in other Chinese populations as
well as from the overall evidence (see “Pooled Analy-
ses” earlier in this chapter). The effects of secondhand
smoke may have been obscured in this study because
other sources of indoor air pollution, such as coal-
burning stoves and kang (brick beds that are typically
heated either directly by a stove underneath them or
by pipes connected to the cooking stove), were associ-
ated with an increased risk.

The role of secondhand smoke and the risk of
lung cancer among lifetime nonsmoking women was
investigated in a hospital-based, case-control study
conducted in Shenyang, China (Table 7.3) (Wang et
al. 1996; Zhou et al. 2000). The investigators compared
female lifetime nonsmokers diagnosed with primary
lung cancer (a total of 135) and an equal number of
age-matched lifetime nonsmoking women (controls)
selected from the general population of Shenyang. A
structured questionnaire was administered to obtain
information on demographic characteristics, exposure
to tobacco, dietary and cooking practices, the type of
fuel used, general medical conditions, history of pre-
vious lung diseases, history of cancer, menstrual and
pregnancy history, and job history.

Lung cancer risk was not associated with any
secondhand smoke exposure during childhood
(OR = 0.91 [95 percent CI, 0.55-1.49]) or in the work-
place during adulthood (OR = 0.89 [95 percent CI,
0.45-1.77]). Adult exposures to husbands’ smok-
ing were associated with a small increase in risk
(OR = 1.11 [95 percent CI, 0.65-1.88]), but there
were no significant trends of an increase in risk
with an increase in duration of exposure (OR = 1.41
[<20years], 1.08[20to29 years], 1.08 [30to 39 years], and
1.08 [>40 years]) or in the amount smoked by the hus-
bands (OR = 1.0 [0 cigarettes per day], 0.35[1 to 9 ciga-
rettes per day], 1.35 [10 to 19 cigarettes per day], and
1.40 [>20 cigarettes per day]) (Wang et al. 1996).

A second report investigated the role of
secondhand smoke exposure among persons diag-
nosed with adenocarcinoma of the lung (n = 72)
and an equal number of persons from the general
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population(controls) (Wangetal. 1996; Zhouetal.2000).
A risk of adenocarcinoma of the lung was not associ-
ated with secondhand smoke exposures from parents
during childhood (OR =0.89[95 percent CI, 0.43-1.84]),
from husbands (OR = 0.94 [95 percent CI, 0.45-1.97]),
or from the workplace (OR = 0.89 [95 percent CI,
0.25-3.16]). There was little variation in risk with years
of exposure during childhood or from husbands who
smoked (Zhou et al. 2000).

The validity of a diagnosis of adenocarcinoma
can be questioned because Wang and colleagues
(1996) stated that determining the histologic cell type
was “based on review of relevant medical records,
chest X-ray and CT films, and cytologic and histo-
logic slides” (p. S94). The cases presented in these two
reports overlap. All of the adenocarcinoma cases and
their corresponding controls from the general popu-
lation included in the study by Wang and colleagues
(1996) were also included in the study by Zhou and
colleagues (2000).

A population-based, case-control study inves-
tigated the role of secondhand smoke exposure and
other risk factors for lung cancer in Gansu Province,
a nonindustrial area in northwestern China (Wang
et al. 2000). A total of 886 lung cancer cases (656 men
and 230 women) and 1,765 general population con-
trols (1,310 men and 455 women) were interviewed.
Cases (or next of kin, n = 481) and controls all com-
pleted a structured questionnaire on demographic
characteristics; smoking habits of the participant,
spouse, and other cohabitants; diet and cooking
practices; and occupational, residential, and medi-
cal histories. The analysis was based on 233 lung
cancer cases (33 men, 200 women) and 521 con-
trols (114 men, 407 women) who had never smoked
(Table 7.3) (Wang et al. 2000).

Wang and colleagues (2000) found that second-
hand smoke exposure in adulthood, defined as ever
having an exposure (OR = 0.90), or the number of
pack-years of exposure (OR = 0.81 [1 to 9 pack-years],
0.90 [10 to 19 pack-years], and 0.86 [>20 pack-years])
was not associated with risk. For men and women
combined, there was a statistically significant increase
in risk (OR = 1.52 [95 percent CI, 1.1- 2.2]) associated
with any childhood exposure to secondhand smoke;
the ORs increased with increasing pack-years of expo-
sure (OR =1.43 [1 to 9 pack-years], 1.81 [10 to 19 pack-
years], and 2.95 [>20 pack-years]; p for trend = 0.02).
Overall, there was a nonsignificant increase in risk
(OR = 1.19 [95 percent CI, 0.7-2.0]) from a lifetime
exposure to secondhand smoke with some suggestion
of increased risks with more pack-years of exposure
(OR=1.04[1to9 pack-years], 1.13[10 to 19 pack-years],
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and 1.51 [>20 pack-years]). The patterns of association
were generally similar among men and women and
in the analyses restricted to self-respondents or those
with histologically confirmed tumors. For example,
among the 115 adults with lung cancer (cases) com-
pared with the 501 adult controls from the general
population who were self-respondents and who had
never smoked, the ORs for ever having an exposure to
secondhand smoke were 1.75 (95 percent CI, 1.1-2.8)
in childhood and 0.76 (95 percent CI, 0.4-1.3) in adult-
hood. Among the histologically confirmed lung can-
cer cases, the risks associated with secondhand smoke
were 1.55 (95 percent CI, 0.9-2.8) in childhood and
0.99 (95 percent CI, 0.5-2.0) in adulthood.

Other Asian Populations

Japan

In addition to the case-control studies conducted
in various Chinese populations, case-control stud-
ies conducted in Japan (Akiba et al. 1986; Inoue and
Hirayama 1988; Shimizu et al. 1988; Sobue 1990) gen-
erally support the finding that exposure to second-
hand smoke is associated with an increased risk of
lung cancer in nonsmokers. These studies have been
included and discussed in previous reviews.

India

A small hospital-based, case-control study of
lifetime nonsmokers in Chandigarh, India, compared
58 nonsmoking adults (17 men and 41 women) diag-
nosed with lung cancer (histologically confirmed
cases) and 123 nonsmoking controls (56 men and
67 women). Controls were either other adult patients
admitted to the hospital or visitors in the hospital.
Although the conditions of the patients who were
admitted to the hospital were not described, the
investigators excluded patients with diseases related
to smoking, alcohol, or diet. No attempt was made to
match cases and controls by gender, age, or other vari-
ables (Table 7.3) (Rapiti et al. 1999).

Participants were interviewed in the hospi-
tal and responded to a questionnaire designed to
assess demographic factors, active smoking, and
lifetime secondhand smoke exposure. Questions on
secondhand smoke were modeled after those used
in a European multicenter case-control study (Bof-
fetta et al. 1998). Among all participants combined,
Rapiti and colleagues (1999) found a significantly
increased risk associated with secondhand smoke
exposure during childhood (OR = 3.9 [95 percent CI,
1.9-8.2]) after adjusting for gender, age, residence, and



religion. A significantly increased risk was not
observed in association with secondhand smoke from
spouses (OR = 1.1 [95 percent CI, 0.5-2.6]) when all
sources of tobacco products were considered. Indian
smokers use not only cigarettes but bidis, tobacco
wrapped in a leaf, and chilum, similar to a pipe. How-
ever, the risk of lung cancer increased significantly in
association with cigarette smoking by spouses
(OR = 5.1 [95 percent CI, 1.5-17]) but was reduced in
association with bidi smoking (OR = 0.1 [95 percent
CI, 0.01-1.2]). These results among men and women
combined were also observed in the analyses that
were restricted to women only (Rapiti et al. 1999).

The Health Consequences of Involuntary Exposure to Tobacco Smoke

The study was small and the appropriateness
of the control groups is uncertain. Information on
potential confounders was also lacking. The very
high estimate of risk associated with secondhand
smoke exposure in childhood may be a chance find-
ing because results from most published studies show
either no risk or a much weaker effect on risk. The
results observed in association with cigarettes ver-
sus bidis smoked by the spouses were also divergent.
Although the investigators explained that a bidi is
smaller in size and may emit less smoke than a ciga-
rette, they found no basis for anticipating a protective
effect from bidis.
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