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Abstract

Evidence is increasing that some early life exposures affect breast cancer risk. Exposure to secondhand smoke (SHS)
during childhood may be one such exposure. As part of the WEB Study (Western New York Exposures and Breast
Cancer Study), we conducted a population-based, case-control study with 1166 women aged 35 to 79 diagnosed
with histologically confirmed, primary, incident breast cancer. Controls (n = 2105) were randomly selected from
the Department of Motor Vehicles driver’s license list (Oage 65) and the Center for Medicare & Medicaid Services
rolls (>age 65). Participants were queried regarding household and workplace SHS exposure. Person-years of
lifetime cumulative SHS exposure were computed as well as cumulative exposure up to 21 years of age. Uncon-
ditional logistic regression adjusting for potential confounders was used to calculate odds ratios (OR) and 95%
confidence intervals (95% CI). Lifetime cumulative exposure to household SHS was not associated with an increase
in breast cancer risk for premenopausal (OR = 1.17, 95% CI = 0.54–2.56) or postmenopausal (OR = 1.29; 95%
CI = 0.82–2.01) women. Neither was risk increased among women exposed to SHS before the age of 21 or at the
time of birth, menarche, or a women’s first birth. In this study, exposure to SHS either in adult or early life does not
appear to be associated with the risk of breast cancer.

Introduction

Interest that early life exposures may be related to breast
cancer risk [1–3] is increasing because of evidence that
breast epithelia may be more vulnerable to carcinogenic
insults during this period of tissue proliferation and
initial differentiation. Pregnancy and lactation result in
further differentiation after which it seems that breast
tissue is more resistant to carcinogenic insults [4–6]. It
has been hypothesized that exposures before a woman
gives birth for the first time may be particularly

important in relation to disease etiology [7, 8]. Second-
hand smoke is one such exposure that may affect the risk
of developing breast cancer.

Exposure to secondhand smoke is relatively common
among US children where an estimated 43% reside with
at least one smoker [9]. Tobacco smoke consists of
numerous compounds that are carcinogenic to several
organ sites including the lung [10–12], bladder [13], and
pancreas [14]. Among these compounds are polycyclic
aromatic hydrocarbons (PAHs) and aromatic amines.
PAHs accumulate in adipose tissue, including the breast
[15, 16], and are known skin and mammary carcinogens
in rodent models [17–19]. In addition, aromatic amines
have been shown to be mammary carcinogens in rodents
[20]. The effect of tobacco smoke on breast cancer risk,
however, is not clear. McMahon et al. [21] hypothesized
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that tobacco smoke may reduce the risk of breast cancer
because of evidence that cigarette smoke has antiestro-
genic effects. Conversely, Hiatt and Fireman [22] rea-
soned that tobacco smoke could increase breast cancer
risk because mutagens from cigarette smoke concentrate
in the breast fluid of non-lactating women. Despite
conflicting hypotheses about the effect of tobacco smoke
on breast cancer risk, an association between cigarette
smoking and breast cancer has yet to be clearly dem-
onstrated [23, 24]. Further, there is conflicting evidence
that secondhand smoke (SHS) affects breast cancer risk
[12, 25–34]. With regards to early life exposure, there
have been a few studies of SHS and risk; SHS has been
found to be associated with increased risk of breast
cancer in one [35], but not in most studies [36–38].

In this study, we explored lifetime cumulative expo-
sure to household SHS and workplace SHS with par-
ticular focus on early life exposure (up to 21 years of
age) in relation to the risk of breast cancer. Specifically,
we hypothesized that residing with one or more house-
hold smokers in early life would increase the risk of
breast cancer compared with women who did not reside
with household smokers. In addition, we examined
exposure to household smokers at the time of birth,
menarche, and a woman’s first birth in relation to the
risk of breast cancer. We hypothesized that exposure to
SHS at these time periods may increase the risk of breast
cancer because breast epithelia appear be particularly
sensitive to carcinogenic insults at these times of rapid
cellular proliferation and differentiation.

Materials and methods

The Western New York Exposures and Breast Cancer
Study (WEB Study) is a population-based, case-control
study in Western New York and the details have been
previously published [39, 40]. Briefly, cases (n = 1166)
included women aged 35 to 79 years diagnosed with
histologically-confirmed, primary, incident breast cancer
currently residing in Erie or Niagara Counties in Wes-
tern New York. Nurse case finders visited the pathology
departments at regular intervals to identify cases. After
identification, the case’s physician was contacted to
verify the diagnosis of breast cancer and to obtain per-
mission to contact the case. Cases were then contacted
and asked to participate in the study. Controls
(n = 2105) were also current residents of Erie and
Niagara counties randomly selected from the New York
State Department of Motor Vehicles driver’s license list
(aged 65 and less) and the Center for Medicare &
Medicaid Services (over 65 years). Controls were fre-
quency matched by age, race, and county of residence. A

total of 1638 cases and 3396 controls met our inclusion
criteria of between 35 and 79 years of age, current res-
ident of Erie or Niagara County, no previous cancer
diagnosis other than non-melanoma skin cancer and an
ability to speak English. The response rates were 71%
(1166/1638) and 62% (2105/3396) for cases and controls,
respectively. All participants provided informed con-
sent; the protocol was approved by the University at
Buffalo School of Medicine and Biomedical Sciences’ and
participating hospitals’ Institutional Review Boards.

Extensive in-person interviews and self-administered
questionnaires were used to ascertain medical history,
diet, lifetime alcohol consumption, residential history,
occupational history, and smoking history. We evalu-
ated exposure to SHS with two methods. First, ques-
tions about exposure to secondhand smoke from other
household residents and co-workers were asked for
seven age periods: (1) <21 years, (2) 21–30, (3) 31–40,
(4) 41–50, (5) 51–60, (6) 61–70, (7) >70. The number of
people living with the participant who smoked ciga-
rettes, cigars, or pipes during the specified time period
was ascertained. In addition, participants were also
asked for the number of years that they resided with
these smokers. These two questions were used to com-
pute person-years of SHS exposure for participants for
each age period. For lifetime cumulative exposure to
household SHS, person-years for each age period were
summed. Cumulative exposure to household SHS before
21 years of age was derived from the first time period
only. Workplace SHS exposure was estimated by
inquiring about the number of hours per week partici-
pants were exposed to co-workers’ cigarette smoke. In
addition, participants were asked how many years were
you exposed to co-workers’ cigarette smoke. These two
questions were combined to compute cumulative hours
of workplace SHS exposure for each of the seven time
periods previously mentioned. Lifetime cumulative
exposure to workplace SHS was calculated by summing
the seven time periods. Cumulative exposure before
21 years of age to household SHS, lifetime cumulative
exposure to household SHS, and cumulative lifetime
exposure to workplace SHS were categorized into five
groups. Participants reporting no exposure were the
reference group and quartiles of exposure were derived
from the exposed controls for each measure of SHS
exposure.

The second evaluation of SHS exposure was part of
the residential history assessment. Participants listed
each residence for their entire life with corresponding
information on the number of other people who resided
at that residence and the number of those residents who
smoked cigarettes. The analysis was restricted to those
with complete household smoking information at both
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birth and menarche (n = 334 for cases and 609 for
controls). For exposure at the time of first birth, the
analysis was further restricted to those with residential
information for all three time periods. Household
smoking was categorized into a binary variable denoting
either the presence or absence of household smokers.

Unconditional logistic regression [41] was used to
calculate odds ratios (OR) and 95 % confidence intervals
(CI), adjusting for age, race, education, age at first birth,
age at menarche, parity, previous benign breast disease,
family history of breast cancer in a first degree relative,
body mass index (weight (kg)/height (m)2), total lifetime
alcohol consumption, and age at menopause for post-
menopausal women only. All analyses were stratified by
menopausal status and were restricted to never active
smokers. A reduced model including age, race, previous
benign breast disease, and parity was determined by
removing covariates that did not alter the OR by more
than 10%. p for trend statistics was determined by the
p-value for the coefficient of the continuous exposure
variable, while adjusting for covariates.

Results

A total of 525 cases and 1012 controls, all of whom were
never smokers, were included in this analysis. Demo-
graphic characteristics for these study participants by

menopausal status are shown in Table 1. As expected,
both pre- and post-menopausal cases were more likely
to have a family history of breast cancer and previous
benign breast disease. Among premenopausal women,
the mean age was statistically higher than the controls,
although the difference was only 1.6 years. All other
characteristics were similar.

Odds ratios and 95% CIs for lifetime cumulative
exposure to household secondhand smoke, stratified by
menopausal status are shown in Table 2. The ORs for
quartiles of lifetime cumulative exposure to household
SHS ranged from 1.17 to 1.57 (pre-menopausal women)
and 0.83 to 1.29 (post-menopausal women), but none
was statistically significant and there was not a trend
of increasing risk with pack-years in either pre- or
post-menopausal women. With regards to workplace
SHS, the ORs for quartiles of lifetime cumulative
exposure ranged from 0.46 to 0.83 (pre-menopausal
women) and 0.71 to 1.04 (post-menopausal women)
compared with women who were not exposed to SHS in
the workplace (Table 2).

There was no evidence of an exposure-response gra-
dient with cumulative exposure to household SHS before
the age of 21 for either pre- or post-menopausal women
(Table 3). Although for pre-menopausal women, the ORs
were non-significantly elevated in each quartile.

We examined exposure to household SHS in the par-
ticipant’s residence at the time of their birth, menarche,

Table 1. Descriptive characteristics of study participants; among never smokers: Western New York Exposures and Breast Cancer Study (WEB

Study) (1996–2001)

Pre-menopausal Post-menopausal

Mean (SD) Mean (SD)

Cases (n = 149) Controls (n = 326) Cases (n = 376) Controls (n = 686)

Age (years) 45.7 (4.5) 44.1 (4.6) 64.1 (9.2) 64.2 (8.9)

Education (years) 12.6 (1.6) 14.6 (2.3) 13.2 (2.5) 13.1 (2.3)

Age at Menarche (years) 12.6 (1.6) 12.5 (1.6) 12.7 (1.6) 12.8 (1.6)

Age at Menopause (years) – – 48.1 (5.6) 48.2 (6.0)

Age at first birth (years) 26.3 (4.8) 26.4 (4.7) 24.3 (24.8) 24.1 (4.2)

Body mass index 26.7 (6.0) 27.5 (6.5) 29.1 (5.9) 28.6 (6.0)

Total lifetime alcohol intake (oz.) 1284.1 (2008.5) 1629.1 (4693.7) 1397.8 (3182.8) 1944.8 (9723.4)

Lifetime cumulative

household SHSa exposure (person-years) 26.9 (19.8) 23.5 (20.9) 34.3 (25.7) 33.9 (26.1)

Lifetime cumulative

workplace SHS exposure (hours) 5721.9 (10,255.9) 5523 (10,0056.5) 12,195.6 (20,156.7) 10,623.2 (18,261.7)

Proportion

Parity

0 30 (20%) 50 (15%) 76 (20%) 75 (11%)

1–2 81 (54%) 168 (52%) 138 (37%) 191 (28%)

3+ 38 (26%) 108 (33%) 162 (43%) 420 (61%)

Benign breast disease (yes) 49 (33%) 64 (19%) 104 (28%) 125 (18%)

Relative with breast cancer (yes) 28 (19%) 32 (10%) 76 (20%) 86 (13%)

a SHS, secondhand smoke.
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and first birth and breast cancer to determine if exposure
in particular time periods was associated with breast
cancer (Table 4). For premenopausal women, exposure
to household SHS at the time of birth was associated with
a non-significant increase in the risk of breast cancer
(reduced model OR = 1.35, 95% CI: 0.79–2.30). For
post-menopausal women, exposure to household SHS at
the time of birth was not associated with risk of breast
cancer (reduced model OR = 1.07, 95% CI: 0.71–1.60)
breast cancer. Odds ratios for household SHS exposure at
the time ofmenarche and breast cancer were similar to the
ORs for exposure at birth. Exposure to SHS at the time of

a women’s first birth was not associated with pre-meno-
pausal (reduced model OR = 1.22, 95% CI: 0.68–2.17)
or post-menopausal (reduced OR = 0.78, 95% CI:
0.52–1.18). For post-menopausal women, however,
exposure to household smoke at the time of first birth was
suggestive, if anything, of a reduction in risk. We
attempted to examine each time period while adjusting
for the other two time periods to investigate whether one
time period in particular was associated with an increased
odds ratio.However, household smoking status at each of
the time periods was highly correlated and the results
were not interpretable.

Table 2. Risk of breast cancer associated with lifetime cumulative exposure to secondhand smoke from co-habitants and workers; among never

smokers: Western New York Exposures and Breast Cancer Study (WEB Study) (1996–2001)

Pre-menopausal Post-menopausal

Cases

(n = 149)

Controls

(n = 326)

Reduced Model Full Model Cases

(n = 376)

Controls

(n = 684)

Reduced Model Full Model

ORa (95% CI) ORb (95%CI) ORa (95%CI) ORb (95%CI)

Household SHSc (person-years)

0 23 70 1.00 1.00 45 89 1.00 1.00

>0 – £20 42 101 1.27 (0.69–2.34) 1.31 (0.70–2.44) 104 153 1.30 (0.83–2.03) 1.24 (0.79–1.95)

>20 – £33 30 49 1.57 (0.79–3.11) 1.56 (0.77–3.14) 52 128 0.83 (0.51–1.36) 0.82 (0.50–1.36)

>33 – £49 35 72 1.31 (0.68–2.49) 1.35 (0.69–2.63) 71 140 1.05 (0.66–1.69) 1.03 (0.64–1.66)

>49 19 34 1.17 (0.54–2.56) 1.16 (0.51–2.62) 104 174 1.29 (0.82–2.01) 1.25 (0.79–1.96)

p for trend 0.62 0.60 0.31 0.38

Workplace SHS (hours)

0 57 109 1.00 1.00 141 249 1.00 1.00

>0 – £1716 20 69 0.46 (0.25–0.86) 0.44 (0.24–0.83) 37 91 0.71 (0.45–1.10) 0.71 (0.45–1.11)

>1716–£6240 37 64 0.83 (0.48–1.43) 0.86 (0.49–1.50) 57 100 0.93 (0.63–1.39) 0.92 (0.62–1.38)

>6240–£17,615 18 47 0.54 (0.28–1.04) 0.54 (0.27–1.07) 51 100 0.75 (0.50–1.13) 0.76 (0.45–1.14)

17,615+ 17 28 0.83 (0.40–1.72) 0.79 (0.37–1.70) 87 128 1.04 (0.73–1.49) 1.09 (0.76–1.57)

p for trend 0.47 0.38 0.49 0.41

a Adjusted for age, race, previous benign breast disease,and parity.
b Adjusted for age, education, race, previous benign breast disease, parity, age at menarche, BMI, age at first birth, relative with breast cancer,

total alcohol consumption and age at menopause for post-menopausal women only.
c SHS, secondhand smoke.

Table 3. Risk of breast cancer associated with exposure to secondhand smoke before age 21; among never smokers: Western New York

Exposures and Breast Cancer Study (WEB Study) (1996–2001)

Pre-menopausal Post-menopausal

Cases

(n = 149)

Controls

(n = 326)

Reduced Model Full Model Cases

(n = 376)

Controls

(n = 684)

Reduced Model Full Model

ORa (95% CI) ORb (95%CI) ORa (95%CI) ORb (95%CI)

SHSc (person-years)

0 33 96 1.00 1.00 89 194 1.00 1.00

>0–£18 32 69 1.32 (0.73–2.40) 1.39 (0.76–2.55) 66 120 1.09 (0.73–1.64) 1.02 (0.68–1.54)

>18–£20 38 73 1.29 (0.72–2.30) 1.33 (0.74–2.40) 143 236 1.30 (0.93–1.82) 1.30 (0.93–1.83)

>20–£36 14 29 1.31 (0.60–2.87) 1.39 (0.62–3.09) 20 37 1.17 (0.63–2.17) 1.10 (0.59–2.05)

>36 32 59 1.26 (0.68–2.31) 1.33 (0.71–2.49) 58 97 1.33 (0.87–2.04) 1.26 (0.82–1.94)

p for trend 0.90 0.99 0.07 0.09

a Adjusted for age, race, previous benign breast disease, and parity.
b Adjusted for age, education, race, previous benign breast disease, parity, age at menarche, BMI, age at first birth, relative with breast cancer,

total alcohol consumption and age at menopause for post-menopausal women only.
c SHS, secondhand smoke.
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Discussion

Overall, this study provides little evidence that lifetime
cumulative exposure to SHS either in the workplace or
at home is associated with an increase in the risk of
breast cancer. In addition, pack-years of household SHS
exposure before 21 years of age were not clearly asso-
ciated with the risk of breast cancer. Although all the
ORs for household SHS exposure before 21 years of age
were slightly elevated, there was no evidence of a trend
with increasing household SHS exposure. The literature
on adult exposure to SHS and breast cancer has been
mixed. While several studies [27–30] have found evi-
dence of an association between SHS exposure and
breast cancer, other studies [12, 25, 31–34], including
our own, have found little evidence supporting an
association. One cohort study of Japanese women even
found that women who’s spouses smoked were at
reduced risk of breast cancer (RR = 0.58; 95 CI =
0.34–0.99) [42]. Some studies have lacked internal
consistency raising doubt about the observed associa-
tion. For instance, Gammon et al. [34] observed a two-
fold increase among women exposed to 326+ months of
spousal smoking (OR = 2.10; 95 CI = 1.47–3.02),
although there was no evidence of an exposure-response
gradient. Further, when they considered total residential
passive smoke exposure from all smoking co-habitants
including spouses, there was no association between
SHS exposure and breast cancer.

In the studies that have examined early life exposure
to SHS, the results have also been mixed. In one study,
Sandler et al. [37] found no increase in the risk of breast
cancer in women exposed to either maternal or paternal

household smoking before participants attained
10 years of age. In another study, Smith et al. [38]
assessed exposure to SHS up to age 16 and found women
exposed to SHS in childhood had an OR of 1.98 (95%
CI: 0.35–11.36) compared with those never exposed. In
addition, women exposed to 201 to 400 cigarette-years
in childhood were observed to have an OR of 2.09 (95%
CI: 1.05–4.16), however the OR was 1.51 (95% CI:
0.72–3.20) in women exposed to >400 cigarette-years in
childhood. Smith et al. concluded that there was no
association between SHS exposure in childhood and
breast cancer. Lash and Aschengrau [35] examined
women who were exposed to SHS before the age of 12
and found an OR of 4.5 (95% CI: 1.2–16). However,
these results were not replicated in a more recent case-
control study where exposure to SHS before the age of 13
was not associated with an increase in the risk of breast
cancer (OR: 1.1, 95% CI: 0.4–3.0).[36] Gammon et al.
[34] found no association between parental passive smoke
exposure prior to age 18 (OR = 0.85; 95 CI =
0.70–1.03).

All of these studies, including ours, relied on ques-
tionnaires to assess exposure to SHS. Questionnaire-
based exposure assessments of SHS have been criticized
because they may not precisely measure SHS exposure
[43, 44] and biomarkers of exposure have been offered as
potentially superior alternatives to questionnaire-based
exposure assessment of SHS. Cotinine, the major
metabolite of nicotine, has been used as a biomarker of
tobacco exposure; although its biologic half-life is 16.5 h
and may be a valid only for recent exposure to tobacco
smoke [45]. While biomarkers of SHS exposure have the
potential to greatly increase the accuracy of exposure

Table 4. Risk of breast cancer associated with exposure to secondhand smoke exposure at the time of birth, menarche, and first birth; among

never smokers: Western New York Exposures and Breast Cancer Study (WEB Study) (1996–2001)

SHSa exposure Pre-menopausal Post-menopausal

Cases

(n = 106)

Controls

(n = 238)

Reduced Model Full Model Cases

(n = 228)

Controls

(n = 371)

Reduced Model Full Model

ORb (95% CI) ORc (95% CI) ORb (95% CI) ORc (95% CI)

Birth

No 27 84 1.00 1.00 52 89 1.00 1.00

Yes 79 154 1.35 (0.79–2.30) 1.34 (0.77, 2.32) 176 282 1.07 (0.71–1.60) 1.07 (0.72–1.59)

Menarche

No 29 92 1.00 1.00 50 89 1.00 1.00

Yes 77 146 1.47 (0.87–2.50) 1.49 (0.87, 2.57) 178 282 1.11 (0.74–1.67) 1.15 (0.77–1.71)

First birthd

No 52 140 1.00 1.00 66 108 1.00 1.00

Yes 31 56 1.22 (0.68–2.17) 1.11 (0.59, 2.11) 93 188 0.78 (0.52–1.18) 0.80 (0.54–1.20)

a SHS, secondhand smoke.
b Adjusted for age, race, previous benign breast disease, and parity.
c Adjusted for age, race, education, previous benign breast disease, parity, age at menarche, BMI, age at first birth, family history of breast

cancer, total alcohol consumption, and age at menopause for post-menopausal women only.
d Restricted to cases and controls with known addresses at the time of birth, menarche and first birth.
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assessments, they are currently limited to only recent
exposure and are not yet able to estimate long-term
exposure. Given these circumstances, questionnaire-based
exposure assessment to SHS may be superior to
biomarkers because they are able to estimate historical or
long-term exposure; although questionnaires may contain
considerable exposure misclassification.

There are several limitations of this study that should
be considered when interpreting the results. Among
these is recall bias. While such a bias is possible, it would
seem less likely, given the request for information per-
tained to SHS exposure and that there is no well-known
hypothesis linking SHS exposure and breast cancer risk.
This is particularly true for childhood exposure. As
previously noted, misclassification of exposure is likely
given that we used questionnaires to measure SHS.
Further, we did not take into account other sources of
SHS, although we did examine workplace exposure
separately and found no relationship. In addition, mis-
classification of SHS exposure could have occurred
because some smokers may not have smoked in the
presence of that participant. In particular, we could not
distinguish smokers who restricted their smoking activ-
ities around the participant, thereby decreasing expo-
sure, from those who did not. In addition, we assumed
that early life exposure to SHS would predominantly
occur in the household. This is particularly likely for the
time period between birth and menarche.

In addition to exposure misclassification and recall
bias, the possibility of selection bias cannot be ruled out.
Comparisons between respondents and non-respondents
indicated that smokers were less likely to participate in
this study. Since smokers are more likely to have parents
who smoked [46], a selection bias may have altered the
distribution of SHS exposure in the controls from that
of the source population from which the cases arose
resulting in magnified risk estimates. Selection bias of
this type, however, seems unlikely because we restricted
the analysis to never active smokers.

In summary, our study examined lifetime cumulative
exposure to household and workplace SHS. We also
examined cumulative exposure up to 21 years of age, as
well as household SHS exposure at the time of birth,
menarche, and first birth in relation to the risk of breast
cancer. We had hypothesized that the chemical carcin-
ogens present in tobacco smoke such as PAHs would
affect breast cancer risk and that exposure to tobacco
smoke in early life would have particular importance.
We did not find evidence that either lifetime cumulative
exposure to SHS or early life exposure was associated
with the risk of breast cancer. However, the recent
trends toward limiting SHS exposure particularly for
children remains appropriate, given our knowledge of

other effects of SHS on health [47] and the relatively
high prevalence of SHS exposure in the US population
[9].
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