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Abstract

Purpose An association between smoking and breast
cancer is unresolved, although a higher risk from exposure
during windows of susceptibility has been proposed. The
objective of this prospective study was to evaluate the
association between tobacco smoke and breast cancer with
a focus on timing of exposure, especially during early life.
Methods Sister study participants (n = 50,884) aged
35-74 were enrolled from 2003 to 2009. Women in the
United States and Puerto Rico were eligible if they were
breast cancer-free but had a sister with breast cancer. Par-
ticipants completed questionnaires on smoking and envi-
ronmental tobacco smoke (ETS) exposure. Cox regression
was used to estimate adjusted hazard ratios (HRs) and 95%
confidence intervals (95% Cls) for breast cancer risk.
Results During follow-up (mean = 6.4 years), 1,843
invasive breast cancers were diagnosed. Neither active
smoking nor adult ETS was associated with breast cancer
risk. However, never smoking women exposed to ETS
throughout their childhood had a 17% higher risk of breast

Electronic supplementary material The online version of this
article (doi:10.1007/s10552-017-0903-1) contains supplementary
material, which is available to authorized users.

DX Alexandra J. White
alexandra.white @nih.gov

Epidemiology Branch, National Institute of Environmental
Health Sciences, NIH, Research Triangle Park,
NC 27709-2233, USA

2 Social & Scientific Systems, Inc., Durham, NC 27703, USA

Department of Epidemiology, University of North Carolina,
Chapel Hill, NC 27599, USA

Department of Global Public Health & Primary Care,
University of Bergen, Bergen, Norway

cancer (95% CI 1.00-1.36) relative to those with no
exposure. In utero ETS exposure was also associated with
breast cancer (HR = 1.16, 95% CI 1.01-1.32) and the HR
was most elevated for women born in earlier birth cohorts
(<1940, HR = 1.44, 95% CI 1.02-2.02; 1940-1949,
HR = 1.28, 95% CI 1.01-1.62).

Conclusion In utero ETS and ETS exposure during
childhood and adolescence were associated with increased
risk of breast cancer and associations varied by birth
cohort.

Keywords Breast cancer - Tobacco smoke - Early life -
Environmental tobacco smoke

Introduction

Active smoking and environmental tobacco smoke (ETS)
exposure can result in inhaling tobacco-related carcinogens
relevant to breast cancer risk. Tobacco smoke contains
several established carcinogenic compounds, including
polycyclic aromatic hydrocarbons (PAHs), aromatic ami-
nes, and N-nitrosamines [1, 2]. Metabolites and chemicals
from cigarette smoke have been shown to reach the breast,
as both nicotine and cotinine have been measured in breast
fluid [3]. Smoking has also been associated with DNA
adducts [3-5] and p53 mutation smoking signatures in
breast tissue [6] which promote carcinogenesis. The 2014
Surgeon General’s report stated that “the evidence is
suggestive but not sufficient to infer a causal relationship”
between breast cancer and active smoking or ETS exposure
[7]. Since the report was published, there have been a
number of cohort studies that have supported an associa-
tion between tobacco smoke and breast cancer [8-15].
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The Surgeon General’s report on tobacco smoke identified
a number of areas for improvement including more research
on the effect of early age at smoking initiation or timing of
ETS exposure on breast cancer risk, variation by tumor sub-
type and potential confounding by alcohol intake [7]. Expo-
sure to carcinogens during early life, a hypothesized
biological window of susceptibility [16], may be especially
relevant for breast cancer risk. Breast duct cells remain
undifferentiated prior to first full-term pregnancy and, thus,
may be particularly susceptible to carcinogens; any genetic
errors before first pregnancy would then be propagated by the
extensive proliferation during pregnancy [17]. Previous
studies have found initiating smoking prior to first birth to be
associated with breast cancer [8-11, 13, 15, 18].

In the study reported here, we aimed to evaluate the
association between active smoking and ETS exposure on
breast cancer risk with a focus on timing of exposure. We
considered intensity and duration of tobacco smoke expo-
sure, evaluated alcohol as a confounder and effect measure
modifier, and assessed variability by tumor estrogen
receptor (ER) status.

Materials and methods
Study population

The National Institute of Environmental Health Sciences
(NIEHS) Sister Study is a prospective cohort study of
50,884 women that was designed to investigate environ-
mental and lifestyle risk factors for breast cancer. During
2003-2009, women throughout the US and Puerto Rico
were recruited using a multi-media campaign as well as a
network of volunteers, breast cancer professionals, and
advocates. Women, aged 35-74, were eligible for the study
if they had no history of breast cancer themselves but they
had a sister who had been diagnosed with breast cancer. At
baseline, study participants completed an extensive com-
puter-assisted baseline telephone questionnaire on demo-
graphics, medical and family history, and lifestyle factors
including active smoking history and lifetime exposure to
environmental tobacco smoke. They also completed a
mailed questionnaire on early life exposures that included
questions on maternal and paternal smoking.

This research was approved by the Institutional Review
Boards of the NIEHS, NIH, and the Copernicus Group.
Written informed consent was obtained from all partici-
pants. We included cases diagnosed with breast cancer as
of 1 July 2014 (Sister Study Data Release 4.1).

Study participants update information on risk factors
and report any changes in health status during annual
health updates and biennial surveys. Response rates have
been high at 94% over follow-up [19].
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Outcome assessment

Medical records are requested for women who report an
incident breast cancer diagnosis to confirm diagnosis and
obtain other relevant diagnostic and treatment information.
Currently, medical records have been successfully obtained
for greater than 80% of cases. Agreement between self-
reported and medical record-abstracted data is high [20];
thus, self-reported data were used when medical record
data were unavailable. Tumor characteristics considered
included whether the tumor was [1] stage 0, I, 1I-1V, [2]
estrogen receptor-positive (ER+) or estrogen receptor-
negative (ER—), and [3] ductal or lobular histologic type.
Additionally, menopausal status at diagnosis (pre-
menopausal or postmenopausal) was evaluated.

Exposure and covariate assessment

As part of the baseline questionnaire, women were asked
about their own use of cigarettes and exposure to cigarette
smoke from other people. Active smoking was defined as
smoking at least 1 cigarette/day for at least 6 months.
Participants reported the ages that they began and stopped
smoking and the number of cigarettes per day/week/month
that they smoked. This information was used to calculate
year and decade-specific estimates of smoking duration and
intensity, as well as lifetime summary estimates. Women
were categorized by ever versus never smoking status and
ever smokers were further classified into current and past
smokers (defined as not smoking within the previous
12 months). Age started smoking (<15, 15-19, 20+ years),
total pack-years (<10, 10-19, 20-29, 30+ pack-years),
total years (<10, 10-19, 20-29, 30+ years), time since
smoking in past smokers (<10, 10-24, 25+ years) and
usual cigarettes per day in current smokers (<10, 10-19,
204 cigarettes/day) were considered relative to never
smokers. We conducted a secondary analysis restricting the
referent group, never smokers, to those also without ETS
exposure during childhood or adulthood.

Limiting to parous women, smoking status relative to
first full-term pregnancy was considered as pack-years of
smoking (<5, 5-9, 10+ pack-years) completed before and
after first full-term pregnancy (>37 weeks gestation). We
also considered pack-years by decade of young life
(<30 years, 30-39, 40—49) in all women.

ETS exposure was evaluated for three time periods: [1]
in utero, [2] childhood and adolescence (defined as expo-
sures occurring from birth to 18 years of age), and [3] adult
(>18 years of age). For both childhood and adult periods,
women were determined to be ETS exposed if someone
smoked >1 cigarettes/day in their presence for a period of
at least 6 months. Total years of ETS (none, 0-9, 10-19,
20-29, 30+), years of adult ETS (none, 0-9, 10-19, 20+),
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and years of childhood ETS (none, 0-9, 10-14, 15-17, 18)
were characterized. To assess in utero exposure to ETS,
women were asked whether their mother or anyone else in
the household smoked while she was pregnant and whether
their biological father smoked in the 3 months prior to
conception. Response options (definitely yes, probably yes,
probably no, definitely no) were collapsed into two cate-
gories [1] definitely or probably yes and [2] definitely or
probably no. All ETS exposures were evaluated in never
smoking women.

Covariates of interest, including demographics, repro-
ductive history, lifetime alcohol intake (average drinks/
year prior to baseline interview), use of postmenopausal
hormones, and oral contraceptives were obtained from the
interview. Height and weight at baseline were measured in
a home visit by a trained examiner and were used to cal-
culate body mass index (BMI, kg/mz).

Statistical analysis

Multivariable Cox proportional hazards models were used
to estimate hazard ratios (HR) and 95% confidence inter-
vals (CI) for the association between active smoking and
ETS exposure measures and breast cancer risk. Statistical
models used age as the time scale and person-time was
accrued from age at study enrollment. Follow-up extended
until study participants had an invasive breast cancer
diagnosis or were censored at the date of last follow-up or
if diagnosed with in situ disease. Outcome subgroup
analyses were performed evaluating stage (0, I, 1I-IV),
invasive hormone receptor status (ER+, ER—), histologic
type (ductal, lobular), and menopausal status at diagnosis
(premenopausal, postmenopausal). For subgroup analyses,
cases who did not have the outcome of interest (for
example: ER— tumors when estimating the association for
ER+ tumors) were censored at time of diagnosis. Simi-
larly, in analyses investigating associations with meno-
pausal status at the time of breast cancer diagnosis as an
outcome, women who became postmenopausal during the
follow-up period were censored at the time of menopause
with respect to the outcome of premenopausal breast can-
cer. Consequently, the person-time that accumulated after
menopause contributed to postmenopausal person-time at
risk. The proportional hazard assumption was visually
assessed using log—log survival plots as well as with the
inclusion of an interaction term with survival time in the
regression model, using o = 0.05 to test for deviations.
There was no suggestion of time-variant associations.
Stratified models were used to assess average lifetime
alcohol intake (defined in quartiles: <20.4, 20.5-61.2,
61.3-143.8, 143.94 average drinks/year over the lifetime)
and birth cohort (<1940, 1940-1949, 1950-1960, 1960+)
as potential effect measure modifiers. We also considered

whether there was an interaction between active smoking
and ETS exposure with breast cancer risk. Confounders
were identified using the prior literature and a directed
acyclic graph [21]. Multivariable-adjusted models included
the following confounders: age, race (non-Hispanic white,
other), education (<high school or equivalent, some col-
lege, 4-year degree or higher), age at menarche (continu-
ous), age at first birth (nulliparous, <21, 21 to <25, 25
to <29, 29 to <32, >32 years), parity (nulliparous or 1,
2-3, 44), use of oral contraceptives (ever, never), post-
menopausal hormone use (none, estrogen only, estrogen
and progesterone combined or both estrogen and estrogen
and progesterone combined), age at menopause (pre-
menopausal, <40, 40-50, 51-55, 554 years based on
enrollment information), lifetime alcohol consumption, and
body mass index (<18.5, 18.5-24.9, 25.0-29.9, 30+ kg/
m?). For early life exposures, specifically childhood and in
utero ETS, a separate adjustment set was used which
included age, race, and childhood socioeconomic variables
including household composition (two parents, single par-
ent, other) at age 13, family income (well off, middle
income, low income, poor) and highest household educa-
tion at age 13 (less than high school, high school or
equivalent, some college, 4-year degree or higher). A
sensitivity analysis was conducted with childhood and in
utero ETS exposure included in the model as potential
confounders for the association between adult ETS expo-
sure and breast cancer risk. Tests of trend used Chi-square
tests of continuous variables.

Two-sided tests were used with a p value of 0.05 to
evaluate statistical significance. All analyses were per-
formed using SAS version 9.3 software (SAS Institute,
Inc., Cary, NC).

Results

Study population characteristics are displayed in Table 1.
Past smokers were more often white and slightly older
compared to current or never smokers. Never smokers were
more likely to have completed a 4-year college degree
relative to smokers. Current smokers had an earlier age at
menopause and had the highest average intake of alcohol.

Little to no association was observed with current or
past smoking status, early age at initiation of smoking or
with increasing years and pack-years of smoking (Table 2).
After further adjustment for lifetime alcohol intake most
estimates were attenuated towards the null. Results for
duration and intensity of smoking for past (not shown) and
current smokers were similar, as were results when those
with any ETS exposure were removed from the referent
group (Supplemental Table I). There was no interaction
observed between smoking status (never, former, current)
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Table 1 Study population characteristics at baseline, NIEHS sister study

Never smokers

Past smokers

Current smokers

(n = 28,483) (n = 18,088) (n = 4,162)
Mean (SD) Mean (SD) Mean (SD)
Continuous measures
Age at baseline 54.9 (9.1) 57.4 (8.6) 53.1 (8.2)
Age at menarche 12.6 (1.5) 12.7 (1.5) 12.7 (1.6)
Age at first birth® 25.0 (5.2) 24.4 (5.3) 23.0 (5.1)
Parity® 24 (1.1) 24 (1.1) 2.3 (1.1)
Age at menopauseb 48.5 (6.3) 48.5 (6.4) 45.5 (7.2)
Average lifetime alcohol 82.5 (103.1) 137.0 (163.2) 172.1 (217.7)
consumption (drinks/year)®
Body mass index (kg/m?) 27.7 (6.3) 28.1 (6.3) 27.8 (6.1)
n (%) n (%) n (%)
Categorical measures
Race
Non-Hispanic white 23,167 814 15,880 87.8 3,393 81.5
Other 5,309 18.6 2,207 12.2 769 18.5
Education
High school degree/equivalent or less 3,799 13.3 2,946 16.3 1,036 24.9
Some college 8,769 30.8 6,506 36.0 1,862 44.7
4-year degree or more 15911 559 8,635 47.7 1,264 30.4
Use of oral contraceptives
Never 4,878 17.1 2,655 14.7 575 13.8
Ever 23,585 82.9 15,416 85.3 3,585 86.2
Postmenopausal hormone use®
None 6,827 40.0 4,572 35.7 1,064 43.0
Estrogen (E) only 4,825 28.3 3,598 28.1 704 28.5
Estrogen and progesterone (E+P) or E 5,398 31.7 4,646 36.3 706 28.5

and E4+P

* Limited to parous women (n = 41,530)

® Limited to those who were postmenopausal at baseline (n = 32,457)

¢ Limited to ever alcohol drinkers (n = 48,796)

and lifetime average alcohol intake, although the strongest
breast cancer effect was observed among former smoking
heavier drinkers (HR 1.44, 95% CI 1.11-1.85) (Supple-
mental Table II). In analyses adjusted for lifetime alcohol
intake, there was a suggestive positive association between
current smoking and invasive postmenopausal breast can-
cer (HR =1.15, 95% CI 091-1.44), but not pre-
menopausal breast cancer (Supplemental Table III).

When limited to parous women, 104 pack-years of
smoking prior to first pregnancy was associated with a
suggestive elevated risk of breast cancer (HR = 1.22, 95%
CI 0.94-1.59) (Fig. 1). The association with smoking
10+ pack-years before age 30 did not largely differ from
that of smoking 10+ pack-years later in life.

No elevated risk was observed for overall ETS or total
years of ETS in never smokers (Table 3). Rather, an
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inverse association was observed with adult ETS and breast
cancer incidence (HR = 0.86, 95% CI 0.74-1.00). This
association remained unchanged with the addition of
childhood and in utero ETS included in the model (data not
shown). In contrast, having any childhood or adolescent
ETS was associated with a higher breast cancer risk
(HR = 1.12, 95% CI 0.98-1.29) after adjustment for early
life SES factors, age, and race. Being exposed to ETS
throughout childhood and adolescence (18 years) was also
associated with an elevated risk (HR = 1.17, 95% CI
1.00-1.36) relative to those with no childhood ETS expo-
sure (p for trend = 0.04). Study participant’s mother’s
household ETS exposure while pregnant was associated
with a higher breast cancer risk of similar magnitude
(HR = 1.16, 95% CI 1.01-1.32) as was paternal smoking
in the 3 months prior to the mother’s pregnancy
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Table 2 Cigarette smoking history and invasive breast cancer, NIEHS sister study

Cigarette Person-years

smoking status (326,242)

Invasive breast cancer
(n = 1843)

Age adjusted HR
(95% CI)*

Fully adjusted HR

(95% CI)®

Fully adjusted plus alcohol HR
(95% CI)°

Cigarette smoking status
Never smoked 183,487
Ever smoked 142,655

Past smoker 116,535
Current 26,120
smokers

Age started smoking
Never smoked 183,487

<15 years 17,971
15-19 years 91,471
20+ years 33,192

Current smokers, usual cigarettes/day

Never smoked 183,487

<10 cig/day 8,088
10-19 cigs/day 8,536
20+ cigs/day 9,463

Current smokers, total pack-years

Never smoked 183,487
<20 pack-years 11,304
204 pack-years 13,834
Current smokers, total years
Never smoked 183,487
<30 years 11,623
30+ years 13,847
Total pack-years
Never smoked 183,487
<10 pack-years 71,233

10-19 pack- 29,545
years

20-29 pack- 19,183
years

30+ pack-years 20,910
Total years smoked cigarettes
Never smoked 183,487

<10 years 45,446
10-19 years 39,139
20-29 years 30,351
30+ years 26,996

Past smokers, time since last smoked

Never smoked 183,487

<10 years 18,026
10-24 years 47,002
254 years 51,455

985
858
721
137

985

98
572
187

985
46
40
51

985
48
82

985
47
87

985
391
185

123

146

985
255
231
185
183

985
109
284
328

1

1.07 (0.98, 1.17)
1.08 (0.98, 1.19)
1.03 (0.86, 1.24)

1
1.05 (0.85, 1.29)
1.11 (1.00, 1.23)
0.96 (0.82, 1.12)

1

1.14 (0.85, 1.53)
0.93 (0.68, 1.28)
1.04 (0.79, 1.38)

1
0.91 (0.68, 1.21)
1.10 (0.88, 1.38)

1
0.90 (0.67, 1.21)
1.13 (0.91, 1.41)

1
1.00 (0.89, 1.12)
1.13 (0.97, 1.33)

1.13 (0.93, 1.36)

1.14 (0.96, 1.36)

1

1.04 (0.90, 1.19)
1.07 (0.93, 1.24)
1.08 (0.92, 1.26)
1.11 (0.94, 1.30)

1
1.17 (0.96, 1.42)
1.10 (0.96, 1.26)
1.04 (0.91, 1.18)

1
1.08 (0.98, 1.18)
1.08 (0.98, 1.19)
1.09 (0.91, 1.31)

1
1.07 (0.87, 1.32)
1.13 (1.02, 1.25)
0.95 (0.81, 1.11)

1

1.15 (0.85, 1.55)
1.00 (0.73, 1.38)
1.14 (0.86, 1.52)

1
0.95 (0.71, 1.27)
1.17 (0.93, 1.48)

1
0.95 (0.70, 1.28)
1.21 (0.96, 1.51)

1
1.00 (0.89, 1.13)
1.14 (0.97, 1.33)

1.15 (0.95, 1.39)

1.18 (0.99, 1.41)

1
1.04 (0.90, 1.19)
1.06 (0.91, 1.22)
1.10 (0.94, 1.29)
1.16 (0.99, 1.37)

1
1.20 (0.98, 1.46)
1.09 (0.95, 1.25)
1.04 (0.91, 1.18)

1

1.00 (0.90, 1.12)
1.00 (0.89, 1.12)
1.03 (0.85, 1.26)

1

0.95 (0.76, 1.20)
1.05 (0.93, 1.18)
0.91 (0.77, 1.08)

1

1.05 (0.76, 1.47)
1.00 (0.71, 1.40)
1.13 (0.83, 1.54)

1
0.82 (0.59, 1.14)
1.19 (0.93, 1.53)

1
0.91 (0.66, 1.25)
1.18 (0.92, 1.51)

1
0.93 (0.82, 1.06)
1.06 (0.89, 1.26)

1.10 (0.90, 1.35)

1.07 (0.88, 1.30)

1
0.95 (0.82, 1.11)
0.98 (0.84, 1.15)
1.05 (0.88, 1.25)
1.08 (0.90, 1.30)

1

1.12 (0.90, 1.39)
1.00 (0.86, 1.16)
0.97 (0.84, 1.11)

* Adjusted for age

b Adjusted for age, race, education, age at menarche, age at first birth, parity, use of hormonal birth control, use of postmenopausal hormones,

age at menopause and menopausal status and BMI

¢ Adjusted for covariates in model 2 plus alcohol
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Pack-years of Cigarette Smoking

Among parous women, by age at first birth
Never smoked ‘

|
Smoked prior to pregnancy }
<5 pack-years -

5-10 pack years —o—
10+ pack-years ——
|
Smoked after pregnancy }
<5 pack-years ——
5-10 pack years ———@———
10+ pack-years ——
I o B s
0.4 1.0 1.5 25

Hazard Ratio & 95% CI

Among all women by decades of life
<30 years of age

Never smoked before age 30

<5 pack-years

5-10 pack years

10+ pack-years

30-40 years of age

Never smoked before age 40
<5 pack-years

5-10 pack years

10+ pack-years

40-50 years of age

Never smoked before age 50
<5 pack-years

5-10 pack years

10+ pack-years

e fge gt

| IS I I S B A B |
0.4 10 15 25

Hazard Ratio & 95% CI

Fig. 1 Invasive breast cancer risk in association with pack-years of
cigarette smoking among parous women by age at first birth and in all
women by decades of life, NIEHS sister study

(HR = 1.11, 95% CI 0.97-1.28). There was evidence of
variability in the association between household ETS and
breast cancer risk by birth cohort (p for interaction = 0.04)
with elevated estimates observed for those who were born
prior to 1940 (HR = 1.44, 95% CI 1.02-2.02) or between
1940 and 1949 (HR = 1.28, 95% CI 1.28, 1.01-1.62) but
did not persist in women born between 1950 and 1959 or
after 1960 (Fig. 2).

The association of any ETS exposure and invasive
breast cancer was limited to women who were post-
menopausal at diagnosis (postmenopausal HR = 1.14,
95% CI 0.89-1.46, versus premenopausal HR = 0.79, 95%
CI 0.58-1.46) (Supplemental Table IV). We did not
observe evidence of an interaction between active smoking
and ETS exposure (data not shown).

Discussion
In this prospective cohort study, we found that early life

exposure to ETS, defined by in utero or childhood tobacco
smoke exposure, was modestly associated with the risk of
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invasive breast cancer. We found little evidence to support
previously reported associations with active smoking.

Early life events, such as birth weight [22] and in utero
exposure to diethylstilbestrol [23], have previously been
found to be associated with later development of breast
cancer. Maternal smoking during pregnancy may result in
altered hormone levels and thus may impact the fetus [24].
Administration of carcinogens to the adult animal during
pregnancy can result in mammary tumors in the mature
offspring [25]. Previous case—control studies have largely
suggested modest positive associations with measures of in
utero ETS exposure from either maternal or paternal
sources, although results have not been statistically sig-
nificant [26-32]. However, interpretation of these studies is
complicated by the potential for recall bias and these
findings do conflict with prospective studies which have
demonstrated inverse associations between maternal
smoking during pregnancy and breast cancer risk [33] and
breast cancer mortality [34]. In this prospective study, we
found that household ETS exposure while in utero, but not
maternal smoking during pregnancy, was positively asso-
ciated with breast cancer incidence, consistent with the
findings from prior case—control studies. These associa-
tions were stronger in women who were born prior to 1950,
which was likely due to increased intensity of smoking
during that time. Paternal smoking prior to pregnancy was
also associated with an increased risk, although this
exposure may be, at least in part, conflated with the
increase in risk observed for household ETS.

Exposure to ETS during childhood and adolescence was
associated with an elevated risk of breast cancer, particu-
larly with 18 years of ETS exposure. Previous studies on
childhood ETS exposure and breast cancer risk overall are
inconsistent [7]. Lin et al. [35] and Luo et al. [36] both
reported positive, but nonsignificant association with
childhood ETS in prospective cohort studies. Lin et al. [35]
relied on an ever/never childhood ETS assessment in a
Japanese cohort. In the Women’s Health Initiative, Luo
et al. did include duration of childhood ETS; results were
positive for postmenopausal women, but not statistically
significant [36]. In contrast, other studies have found null
associations [37, 38] despite incorporating duration [38].
The positive findings for both in utero and childhood ETS
reported here require replication in other study populations.

In order to indirectly validate the assessment of the early
life exposures, approximately 1,000 participant’s mothers
were asked the same questions as their daughters. In a
preliminary analysis, agreement for in utero ETS exposures
was high (k > 0.8 for maternal and paternal smoking and
k = 0.7 for household ETS) but was lower for childhood
ETS exposure (x = 0.5) (A. D’Aloisio, personal commu-
nication). The lower kappa levels for childhood ETS were
driven by mothers reporting ETS exposure whereas
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Table 3 Environmental tobacco smoke (ETS) exposure in never smokers, NIEHS sister study
Environmental tobacco smoke Person-years Invasive breast Age adjusted HR Fully adjusted HR
(ETS) in never smokers (183,487) cancer (n = 985) (95% CI)* (95% CI)
Ever ETS®

None 36,047 177 1 1

Yes 143,982 791 1.06 (0.90, 1.25) 0.98 (0.81, 1.18)
Total years of ETS"

None 36,047 177 1 1

0-9 25,741 125 0.99 (0.79, 1.25) 0.94 (0.73, 1.22)

10-19 56,864 313 1.11 (0.92, 1.33) 1.03 (0.84, 1.27)

20-29 30,030 172 1.11 (0.89, 1.37) 0.95 (0.75, 1.22)

30+ 31,347 181 1.01 (0.81, 1.25) 0.93 (0.73, 1.20)
Adult ETS®

No 85,383 462 1 1

Yes 97,074 517 0.89 (0.79, 1.02) 0.86 (0.74, 1.00)
Years of adult ETS"

None 85,383 462 1 1

0-9 45,381 227 0.90 (0.77, 1.06) 0.86 (0.72, 1.03)

10-19 22,706 137 1.00 (0.83, 1.22) 0.95 (0.76, 1.19)

20+ 28,986 153 0.80 (0.66, 0.97) 0.77 (0.62, 0.97)
Childhood ETS®

No 63,042 314 1 1

Yes 117,909 658 1.12 (0.98, 1.29) 1.12 (0.98, 1.29)
Years of childhood ETS®

None 63,042 314 1 1

<10 20,465 98 0.99 (0.79, 1.24) 1.00 (0.79, 1.25)

10-14 17,477 95 1.13 (0.89, 1.42) 1.10 (0.87, 1.40)

15-17 15,034 84 1.13 (0.88, 1.43) 1.12 (0.88, 1.43)

18 64,933 381 1.17 (1.00, 1.35) 1.17 (1.00, 1.36)
Maternal smoking during pregnancy®

Definitely no/probably no 125,496 669 1 1

Definitely yes/probably yes 47,972 258 1.07 (0.92, 1.23) 1.06 (0.92, 1.23)
Paternal smoking 3 months prior to pregnancy®

Definitely no/probably no 64,758 324 1 1

Definitely yes/probably yes 104,923 586 1.11 (0.97, 1.27) 1.11 (0.97, 1.28)
Household smoking during pregnancy®

Definitely no/probably no 76,849 383 1 1

Definitely yes/probably yes 92,153 530 1.15 (1.00, 1.31) 1.16 (1.01, 1.32)

* Adjusted for age

° Adult level fully adjusted models adjusted for age, race, education, age at menarche, age at first birth, parity, use of hormonal birth control,
alcohol intake, use of postmenopausal hormones, age at menopause and menopausal status and BMI

¢ Early life level fully adjusted models adjusted for age, race, household composition at age 13, family income during childhood, and highest

education in household at age 13

daughters reported no childhood ETS. This suggests that
our results underestimate the proportion of women exposed
to ETS during childhood and, thus, may be attenuating the
observed association towards the null.

Smoking prior to first pregnancy was not strongly
associated with breast cancer risk although the observed
HR for women with 104 years of smoking prior to first

pregnancy, though not statistically significant, was con-
sistent with results from a recent meta-analysis that found a
20% increased risk of breast cancer for initiating smoking
prior to first pregnancy [8], when breast tissue may be most
susceptible to genotoxic exposures [39]. It is possible our
study was underpowered to statistically test this
association.
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Fig. 2 Household smoking during mother’s pregnancy and invasive
breast cancer risk in never smokers, NIEHS sister study

Overall, we found only limited evidence for associations
between active smoking and breast cancer risk regardless
of duration or intensity of exposure. Observed associations
were not more pronounced after limiting the referent group
to women who were also non-ETS exposed. However, the
point estimates reported here are similar in magnitude to a
recent meta-analysis [8] although our confidence intervals
included the null value. Similarly, we found little to no
association with adult ETS. The Surgeon General’s report
found a summary RR = 1.04 (95% CI 0.99-1.09) for adult
ETS exposure [7].

A remaining concern in studies of smoking and breast
cancer risk is the potential for residual confounding by
alcohol intake [40]. Alcohol is consistently associated with
breast cancer incidence and is correlated with cigarette
smoking status [40]. This possibility of residual con-
founding is exacerbated by the fact that most studies do not
have information on lifetime alcohol intake. In this study
population, we observed modest positive associations with
active smoking prior to adjustment for lifetime alcohol
intake. After adjustment, estimates were attenuated
towards the null. We also considered that alcohol intake
may be a potential effect measure modifier of this rela-
tionship. However, no statistically significant interaction
was observed which is consistent with two prior cohort
studies [41, 42], although other studies have noted an
elevated risk for cigarette smoking in non-drinkers
[11, 13, 14].

This study has limitations. We were unable to specifi-
cally consider spousal ETS exposure, which may lead to
higher and more direct exposure. We also did not have
information to evaluate intensity of ETS exposure.
Although the cohort is large, the number of current
smokers was small and at this point of time in follow-up,
we could consider ER hormone receptor status, but not
other potentially relevant tumor subtypes. Similarly, we
had limited power to consider interactions. Women in this
study population, by enrollment criteria, have a family
history of breast cancer. Thus, we cannot rule out that
possibility that this study population may not be general-
izable to all women particularly those without a family

@ Springer

history. However, to address this, we also carried out
analyses stratified by degree of family history and found
little evidence of variation by degree of family history
(data not shown). Strengths of this study include its
prospective study design with detailed exposure assessment
that permitted us to evaluate multiple windows of biologic
susceptibility. We were able to jointly consider the impact
of active smoking and ETS. Additionally, the evaluation of
alcohol consumption across the life course was an impor-
tant strength of this study and permitted a more sophisti-
cated adjustment of confounding by alcohol.

The findings in this prospective cohort support modest
associations between tobacco smoke and breast cancer risk
for both childhood and in utero ETS exposure.
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