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Abstract

Background: The 2014 US Surgeon General’s report noted research gaps necessary to
determine a causal relationship between active cigarette smoking and invasive breast
cancer risk, including the role of alcohol consumption, timing of exposure, modification
by menopausal status and heterogeneity by oestrogen receptor (ER) status.

Methods: To address these issues, we pooled data from 14 cohort studies contributing
934 681 participants (36 060 invasive breast cancer cases). Cox proportional hazard re-
gression models were used to calculate multivariable-adjusted hazard ratios (HRs) and
95% confidence intervals (Cls).

Results: Smoking duration before first birth was positively associated with risk (P-value for
trend = 2 x 107’) with the highest HR for initiation >10 years before first birth (HR = 1.18,
Cl 1.12-1.24). Effect modification by current alcohol consumption was evident for the
association with smoking duration before first birth (P-value=2x10"*); compared with
never-smoking non-drinkers, initiation >10 years before first birth was associated with risk
in every category of alcohol intake, including non-drinkers (HR=1.15, ClI 1.04-1.28) and
those who consumed at least three drinks per day (1.85, 1.55-2.21). Associations with
smoking before first birth were limited to risk of ER+ breast cancer (P-value for homogen-
eity=3x107%). Other smoking timing and duration characteristics were associated with risk
even after controlling for alcohol, but were not associated with risk in non-drinkers. Effect
modification by menopause was not evident.

Conclusions: Smoking, particularly if initiated before first birth, was modestly associated
with ER+ breast cancer risk that was not confounded by amount of adult alcohol intake.
Possible links with breast cancer provide additional motivation for young women to not
initiate smoking.
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Key Messages

* In a pooled analysis of 14 prospective cohort studies of nearly one million women, smoking >10 years before first
birth was associated with an 18% higher risk of breast cancer, the strongest association of all the smoking character-
istics compared with never smokers.

* The association with smoking varied by alcohol consumption, but was evident in every category of alcohol intake.
Smoking >10 years before first birth was associated with an 85% higher risk of breast cancer in the heaviest smokers
and drinkers.

¢ Associations with years of smoking initiation were stronger for risk of ER+ breast cancer, estimates ranging from
1.02 to 1.21, than for risk of ER- breast cancer, estimates ranging from 0.95 to 1.08.

* The association of smoking characteristics with breast cancer risk varied little by menopausal status and age at

menopause.

Introduction detectable tobacco metabolites,** and smoking-specific
Determining whether there is a causal relationship between DNA adducts and p53 mutation in human breasts,*'* al-
active cigarette smoking and breast cancer risk has been though limitations and inconsistencies do exist.'' Despite
controversial. There are biological data linking active  the biological data and the positive associations in a large
smoking, particularly at young ages, with breast carcino- number of epidemiologic studies published before
genesis, which include the induction of mammary cancers ~ 2012,"*''7'¢ the recent US Surgeon General’s report con-

1-3

by 20 tobacco smoke compounds in rodents ™ and  cluded that ‘the evidence is suggestive but not sufficient to
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infer a causal relationship between active smoking and
breast cancer’.'! The report noted lingering epidemiolo-
gical issues concerning the assessment of this relationship,
including whether the association is due to: (i) the timing
of exposure at early ages and/or long duration of smoking,
(i) confounding or effect modification by alcohol intake,
(iii) modification by menopausal status or (iv) differences
by oestrogen receptor (ER) status.

The two prevailing concerns are residual confounding
by alcohol intake and timing of smoking initiation relative
to first birth.">''='® Alcohol consumption is an estab-
lished risk factor for breast cancer; even consumption at
low levels is associated with increased risk.'” Some have
argued that the association with active smoking can only
be evaluated in never drinkers because of the potential cor-
relation between cigarette smoking and alcohol consump-
tion."® The Collaborative Group on Hormonal Factors in
Breast Cancer concluded that there was no association of
ever smoking [relative risk (RR)=1.03, 95% confidence
interval (CI) 0.98-1.07]; however, among drinkers, the RR
with ever smoking was 1.09 (95% CI 1.05-1.13), which
was attenuated to 1.05 (95% CI 1.01-1.09) after adjust-
ment for amount of alcohol consumed.'® However, some

of the recent studies'®!

published after the Surgeon
General’s report have found associations with smoking
even among non-drinkers when these women were exam-
ined separately. Analysis of smoking initiation relative to
first birth is also an important issue because, before the
first full-term birth, the undifferentiated breast epithelium
is particularly susceptible to carcinogens.”” Whereas previ-
ous cohort studies have shown that the strongest smoking
association with breast cancer risk is among women who
initiated smoking prior to first birth,'”"*"%372¢ no studies
have examined associations of initiation relative to first
birth stratified by alcohol consumption.

In this study, we pooled data from 14 prospective cohorts
and undertook a unified analytical approach to overcome
the lingering epidemiological issues related to assessing the
association between smoking and breast cancer risk.

Methods
Study population

Member studies of the National Cancer Institute (NCI)
Cohort Consortium with smoking data and >500 incident
breast cancer cases were invited to participate; 14 cohorts
(Supplementary Table 1, available as Supplementary data
at IJE online) agreed. Investigators from each cohort pro-
vided individual-level data for the entire cohort after
excluding those who were male, had a personal history of
cancer at baseline (except non-melanoma skin cancer), had

missing information on smoking status at baseline or had
other cohort-specific exclusions. Data for 934 681 women
were included in this analysis. Written informed consent
was obtained from study participants at entry into each co-
hort or was implied by participants’ return of the enrol-
ment questionnaire. The present investigation was
approved by the Institutional Review Board (IRB) at each
participating institution or was considered within the

scope of the original IRB protocol.

Exposure information

De-identified data from the baseline questionnaire were
provided for active cigarette smoking, current alcohol con-
sumption (former alcohol drinkers were distinguished for
only 6 of 14 studies) and other characteristics. Smoking
status (never, former, current) is defined as at the time the
baseline questionnaire was completed. Data were harmon-
ized and variables were categorized a priori. Initiation of
smoking relative to first birth, defined among parous
women, is based on the number of years between age at
smoking initiation and age at first pregnancy.

Case definition

In our primary analyses, cases were defined as incident, in-
vasive breast cancers diagnosed after enrolment and identi-
fied through self-report, cancer registry linkage, medical
record/pathology report or death certificate. In the latter
situation, breast cancer had to be listed as a primary or con-
tributory cause of death (ICD-9: 174 or ICD-O, ICD-10:
C50). Incident in situ breast tumours were excluded from
the case definition, because risk factors for in situ breast
cancer might differ from invasive breast cancer.”” Tumours

of unknown invasiveness were assumed to be invasive.

Statistical analysis

Person-time was calculated from the date of the return of
the baseline survey until the date of the first-occurring
event: breast cancer diagnosis, death or last follow-up.
Women diagnosed with carcinoma in situ of the breast
were censored at the time of diagnosis. In pooled analyses,
Cox proportional hazard regression models were used to
calculate minimally adjusted and multivariable-adjusted
hazard ratios (HRs) and 95% CI. All models controlled for
study as a covariate and were stratified on age at enrol-
ment. Multivariable-adjusted models included breast can-
cer risk factors (categorized as listed in Table 1, including
categories for missing variables) and are shown with and
without control for alcohol consumption. Models of time
since quitting also included smoking duration. Linear trend


http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyw288/-/DC1
http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyw288/-/DC1

884 International Journal of Epidemiology, 2017, Vol. 46, No. 3

Table 1. Distribution of key factors as reported on the baseline survey, a pooled analysis of active smoking and invasive breast
cancer risk among 14 cohorts in the NCI Cohort Consortium

Never smoker (n =494 194) Former smoker (n=288 895) Current smoker (n=151 592)

Years of follow-up, mean (SD) 13.5(7.1) 12.2(7.5) 14.7 (7.4)
Age at baseline, mean (SD) 54.1(13.6) 55.5(12.6) 49.7 (11.5)
Age at menarche, mean (SD) 12.8 (1.5) 12.8 (1.4) 12.9 (1.5)
Age at first birth, mean (SD) 24.4 (4.2) 24.2 (4.2) 23.4 (4.2)
Number of births, mean (SD) 2.5(1.4) 2.4 (1.4) 2.4(1.4)
Age at menopause, mean (SD) 48.1(5.8) 47.6 (5.8) 46.7 (6)
Race (%)
White 88.6 95.3 95.8
Black 2.2 2.4 1.8
Asian 7.4 1.0 1.7
Other/missing 1.8 1.4 0.8
Ethnicity (%)
Not Hispanic 98.1 98.6 99.2
Hispanic 1.3 0.9 0.6
Missing 0.6 0.5 0.2
Education level (%)
Less than high school 16.7 12.5 22.4
High school 19.3 19.5 21.5
Some college/college graduate 62.4 66.0 53.6
Missing 1.6 2.0 2.4
Parity (%)
No 13.1 11.8 12.1
Yes 85.0 87.4 86.9
Missing 1.9 0.8 1.1
Family history of breast cancer (%)
No 78.0 75.4 84.4
Yes 9.5 11.1 7.8
Missing 12.5 13.5 7.8
Benign breast disease (%)
No 46.7 42.4 38.9
Yes 14.1 14.5 11.3
Missing 39.2 43.1 49.8
Ever oral contraceptive use (%)
Never 50.6 46.2 43.0
Ever 46.9 52.1 54.7
Missing 2.5 1.7 2.4
Menopausal status (%)
Pre-menopausal 31.5 27.5 43.2
Peri-menopausal 0.2 0.2 0.1
Post-menopausal 61.8 64.7 47.3
Missing 6.5 7.7 9.4
Ever post-menopausal hormone use (%)
Never 62.1 541 69.3
Ever 32.3 41.3 26.1
Missing 5.7 4.6 4.6
Body mass index (kg/m?, %)
<18.5 1.9 1.3 3.3
18.5-22.4 26.9 25.1 35.0
22.5-24.9 24.2 24.2 25.7
25.0-29.9 27.9 29.0 23.9
30+ 15.8 16.7 9.6
Missing 3.4 3.7 2.6

(continued)
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Table 1. Continued

Never smoker (n =494 194)

Former smoker (n =288 895) Current smoker (n=151 592)

Alcohol consumption at baseline (%)

Not current drinker/non-drinker 39.6
<1 drink per day 39.7
1-2 drinks per day 4.9
>2 drinks per day 1.0
Current drinker, amount missing 14.7
Missing
Oestrogen receptor status among cases

Positive 67.6
Negative 14.7
Missing 17.7

20.0 23.2
49.9 54.9

7.8 6.7

2.5 3.9
19.8 11.3
69.0 63.7
13.9 14.2
17.2 22.1

tests were based on the P-value of the continuous smoking
variables, excluding never smokers.”® In addition to pooled
analyses, a meta-analytic approach was used assuming a
random effects model and weighting the cohorts based on
the inverse of the cohort size. Between-study heterogeneity
was assessed using the I* statistic,””*" in which I* of
0-40% was considered evidence of minimal heterogeneity,
30-60% moderate heterogeneity, 50-90% substantial het-
erogeneity and 75-100% considerable heterogeneity."
Interaction analyses were conducted using a common ref-
erence group to evaluate for effect modification on the multi-
plicative scale. A P-value for interaction was calculated
comparing the -2 log likelihood estimates of models with
and without the interaction term(s). The interaction term
was the cross-product of the two categorical variables with
missing values excluded. Interaction analyses with meno-
pausal status and age at menopause were conducted using a
joint variable considering both exposures and excluded peri-
menopausal women. Associations were evaluated for sub-
groups defined by ER status using a joint Cox proportional
hazards model.** Since data on ER status were not available
for all cases, we compared main effect associations using
cases with and without ER status to ensure those with data
were not a biased sample. In sensitivity analysis, the influ-
ence of changes in smoking patterns prior to breast cancer
diagnosis were examined by excluding cases that were diag-
nosed within the first two years of follow-up; this exclusion
did not appreciably alter associations (data not shown).
Reported P-values are two-sided. All programming was per-
formed in R version 3.2.4 (3-10-2016), including the pack-
age survival (v2.38-3) for the aforementioned statistical
models and the package forestplot (v1.4) for the forest plots.

Results

Among 934 681 study participants, 36 060 invasive breast
cancer cases were diagnosed. The average age at baseline

was 53.9 years, age at first birth was 24.0 years and num-
ber of births was 2.5. Most women were White (91.8%),
had at least some college education (62.1%) and were
post-menopausal at baseline (60.3%). Current smokers at
baseline accounted for 16.2% of participants and they
smoked an average of 15.3 cigarettes per day. Former
smokers accounted for 30.9% of the participants and they
quit smoking, on average, at 37.7 years of age. Most smok-
ers (73.9%) started smoking before their first birth. Parous
smokers who started before first birth, compared with
those who started after first birth, were more likely to have
smoked for longer (mean 23 vs 20 years, P-value <
1x107%) and to have had their first birth at an older age
(mean 24 vs 21 years of age, P-value < 1x107%). Known
breast cancer risk factors had expected associations
(Supplementary Table 2, available as Supplementary data
at IJE online).

Current smokers were more likely than never smokers
to be less educated, pre-menopausal, current alcohol
drinkers, oral contraceptive users, never users of meno-
pausal hormone therapy and have a lower body mass index
(BMI) (Table 1). Former smokers were more likely to have
used menopausal hormone therapy than never smokers.
Current and former smokers were more likely to drink al-
cohol at baseline than never smokers.

There was little confounding of the association between
smoking status and invasive breast cancer (Table 2): con-
trolling for alcohol intake at baseline changed the HR for
current smoking from 1.09 to 1.07 (95% CI 1.04-1.10),
compared with never smokers. There was only minimal
evidence of between-study heterogeneity (Table 2 and
Supplementary Figure 1, available as Supplementary data
at IJE online). Associations of cigarettes per day and dur-
ation in current smokers and years since quitting and
duration in former smokers showed linear trends (P-value
< 0.02; Table 2); however, categorical HRs were within a
narrow range of values (e.g. HRs for duration in current
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Table 2. Multivariate-adjusted* hazard ratios (HRs) and 95% confidence intervals (Cls) for the association of smoking character-

istics with invasive breast cancer risk, a pooled analysis among 14 cohorts in the NCI Cohort Consortium

Cases Rates Age- and cohort- Multivariable- Multivariable- r
adjusted adjusted* excluding adjusted* including
alcohol intake alcohol intake
HR 95% CI HR 95% CI HR 95% CI

Smoking status
Never 18 647 254 1.00 1.00 1.00
Former 11585 296 1.11 (1.08,1.13) 1.08 (1.06, 1.11) 1.06 (1.04, 1.09) <1%
Current 5828 266 1.05 (1.02, 1.08) 1.09 (1.06, 1.13) 1.07 (1.04, 1.10) 39%

Cigarettes per day in current smokers
Never smoker 18 647 254 1.00 1.00 1.00
<10 1238 247 1.05 (0.99,1.11) 1.10 (1.03, 1.16) 1.08 (1.01, 1.14) 47%
10-19 2033 260 1.04 (1.00, 1.09) 1.10 (1.04, 1.15) 1.07 (1.02, 1.13) 9%
20-29 1570 274 1.03 (0.97,1.08) 1.06 (1.01, 1.12) 1.04 (0.98, 1.09) 15%
30-39 592 295 1.10 (1.02, 1.20) 1.13 (1.04,1.22) 1.09 (1.00, 1.18) 27%
>40 315 314 1.19 (1.07,1.33) 1.22 (1.09,1.37) 1.17 (1.05,1.31) <1%
P-value for linear trend” 2x1073 4x1073

Years of smoking in current smokers
Never smokers 18 647 254 1.00 1.00 1.00
<10 94 248 0.93 (0.76,1.15) 1.02 (0.83,1.25) 1.01 (0.82,1.23) 55%
10-19 794 250 1.10 (1.02,1.19) 1.13 (1.05,1.22) 1.11 (1.03, 1.20) <1%
20-39 3632 274 1.04 (1.00, 1.08) 1.09 (1.05, 1.13) 1.06 (1.02, 1.10) 5%
>40 1231 242 1.08 (1.02,1.15) 1.12 (1.05,1.19) 1.09 (1.03,1.16) 10%
P-value for linear trend® 9%1073 0.02

Years of smoking in former smokers
Never smoker 18 647 254 1.00 1.00 1.00
<5 1588 264 1.04 (0.99, 1.09) 1.04 (0.99,1.10) 1.03 (0.98,1.09) <1%
5-10 1541 290 1.08 (1.03,1.14) 1.05 (1.00, 1.11) 1.04 (0.98,1.09) <1%
10-20 3263 305 1.14 (1.10,1.19) 1.11 (1.07,1.15) 1.09 (1.05,1.13) <1%
20-30 2314 323 1.11 (1.06, 1.16) 1.08 (1.04, 1.13) 1.06 (1.02, 1.11) <1%
30-40 1592 348 1.15 (1.09, 1.21) 1.12 (1.06,1.18) 1.09 (1.04,1.15) <1%
>40 541 231 1.18 (1.08, 1.29) 1.17 (1.08,1.28) 1.14 (1.05, 1.24) <1%
P-value for linear trend® 1x107 8x107

Years since quitting in former smokers
Never smoker 18 647 254 1.00 1.00 1.00
>31 2251 318 1.08 (1.03, 1.13) 1.05 (1.00, 1.09) 1.03 (0.98, 1.07) 35%
21-30 3357 300 1.11 (1.07,1.15) 1.09 (1.05, 1.13) 1.07 (1.03, 1.11) 26%
11-20 3815 290 1.14 (1.10, 1.18) 113 (1.09,1.17) 1.11 (1.07,1.15) <1%
1-10 5828 266 1.05 (1.02, 1.09) 1.10 (1.06, 1.13) 1.07 (1.04, 1.11) 42%
P-value for linear trend® 3x107* 1x1073

Age of smoking initiation in ever smokers
Never smoker 18 647 254 1.00 1.00 1.00
<16 1523 283 1.10 (1.04, 1.16) 1.03 (0.98,1.09) 1.01 (0.96, 1.07) <1%
16-20 10251 290 1.10 (1.07,1.12) 1.10 (1.07,1.12) 1.07 (1.04, 1.10) 31%
21-25 3956 293 1.12 (1.08, 1.16) 113 (1.09, 1.17) 1.11 (1.07,1.15) <1%
>28§ years 1373 256 0.99 (0.94, 1.04) 1.02 (0.97,1.08) 1.01 (0.95, 1.06) <1%
P-value for linear trend® 0.02 0.07

Smoking initiation relative to first birth in ever parous smokers
Never smoker 16 025 250 1.00 1.00 1.00
After first birth 1767 246 0.99 (0.95, 1.04) 1.07 (1.02, 1.12) 1.05 (1.00, 1.11) <1%
<5 years before birth 5913 270 1.03 (1.00, 1.07) 1.08 (1.04,1.11) 1.06 (1.02,1.09) 34%
6-10 years before birth 5201 302 1.16 (1.12,1.20) 1.12 (1.09, 1.16) 1.10 (1.06, 1.14) 55%
>10 years before birth 2065 328 1.35 (1.29, 1.41) 1.20 (1.15,1.26) 1.18 (1.12, 1.24) 36%
P-value for linear trend® 1x1078 2x1077

*Multivariable-adjusted models included age, cohort, race/ethnicity, education, birth year, family history of breast cancer, history of benign breast disease,

ever use of oral contraceptives, menopausal status and age at menopause, age at menarche, ever use of menopausal hormone therapy, age at first birth and number

of live births, body mass index, and amount and frequency of alcohol use.

“Linear trend was evaluated using a continuous version of the variable excluding never smokers.
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smokers ranged from 1.01 to 1.11). There was minimal
heterogeneity between studies for most of the categories of
these aforementioned smoking characteristics (I* < 40%)
with the exception of the lowest exposure categories of cig-
arettes per day (I°=47%) and duration in current smokers
(I*=55%). Smoking 40 or more cigarettes per day at base-
line had the strongest association with risk of breast cancer
(HR=1.17,95% CI 1.05-1.31; P for trend=4x1073).

Age of smoking initiation in ever smokers was not asso-
ciated with breast cancer risk (Table 2). However, in
parous women, those who initiated smoking more than 10
years before their first birth had the highest risk of breast
cancer compared with never smokers (HR=1.18, 95% CI
1.12-1.24; Table 2). These results had only minimal evi-
dence of between-study heterogeneity (Table 2 and
Supplementary Figure 2, available as Supplementary data
at IJE online). To evaluate whether this association was
driven by residual confounding from later age at first birth
or longer smoking duration, we conducted stratified ana-
lyses by these factors and found similar effects for smoking
initiation in each strata (P-values for interaction=0.51 and
0.74, respectively; Supplementary Table 3a and b, avail-
able as Supplementary data at IJE online).

Smoking patterns differed by current alcohol consump-
tion (results not otherwise shown): among non-drinkers,
68% of women were never smokers, 12% were current
smokers and 20% were former smokers. Among people
who drank more than two drinks per day, 28% were never
smokers, 33% were current smokers and 39% were former
smokers. Smoking for >40 years was more prevalent
among women who reported drinking more than two
drinks per day than not currently drinking: 11.5% vs
4.1%, respectively.

The associations of smoking characteristics of timing
and duration with breast cancer risk were modified by cur-
rent alcohol intake (P-values for interaction < 0.05;
Table 3). Using a common reference group of never smok-
ers, non-drinkers, former and current smoking was not
associated with breast cancer risk among non-drinkers;
however, current drinkers consuming two or more drinks
per day who were former (HR=1.33, 95% CI 1.19-1.49)
or current smokers (HR=1.32, 95% CI 1.16-1.49) were at
slightly greater risk than expected under a multiplicative
(expected HRs=1.22 and 1.22, respectively).
Smoking more than 10 years before first birth was associ-
ated with breast cancer risk among non-drinkers
(HR=1.15, 95% CI 1.04-1.28) and in every stratum of al-
cohol intake (Table 3). Current drinkers consuming at least

model

three drinks per day who smoked >10 years prior to first
birth (HR=1.85, 95% CI 1.55-2.21; Table 3) were at no-
ticeably greater risk than expected under a multiplicative
model (expected HR=1.43).

Interactions with menopausal status and age at meno-
pause were also examined (Supplementary Table 4, avail-
IJE online). The
associations with smoking status and smoking initiation

able as Supplementary data at
relative to first birth did not meaningfully vary by meno-
pause status and age at menopause.

We also examined whether the association with smok-
ing status was different for subtypes defined by ER status
(Table 4). Most breast cancers were ER + (67.4%); the as-
sociation of smoking characteristics of timing and duration
with breast cancer risk overall was similar for those with
and without hormone receptor data (results not shown).
The association with smoking before first birth differed by
ER status, in which the association was stronger for risk of
ER+ breast cancer than risk of ER- breast cancer (P-value
for tumour heterogeneity=3x107%). Modification of the
associations of smoking initiation relative to first birth
with breast cancer risk by alcohol intake also was stronger
for risk of ER+ breast cancer (data not in tables). Current
drinkers consuming two or more drinks per day who
smoked >10 years prior to first birth (HR=2.02, 95% CI
1.64-2.49) were also at greater risk than expected under a
multiplicative model (expected HR=1.50).

Discussion

In this large pooled analysis, we addressed the key linger-
ing epidemiologic issues raised in the 2014 US Surgeon
General’s report,'! including the importance of duration
and timing of smoking initiation, the role of alcohol intake,
modification by menopausal status and differences in risk
by ER status. We confirmed modest associations of current
and former smoking with invasive breast cancer risk. We
also showed that the timing of smoking initiation was the
smoking characteristic most strongly associated with risk,
with initiation more than 10 years before first birth associ-
ated with an 18% increased risk of breast cancer among
parous ever smokers, and was evident in non-drinkers and
in every stratum of alcohol intake. Those who both initi-
ated smoking more than 10 years before first birth and
who were the heaviest drinkers (two or more drinks per
day) were at greatest risk from early smoking initiation
(85% higher risk of breast cancer) compared with never-
smoking non-drinkers. Furthermore, this association was
stronger for risk of ER+ breast cancer.

Based on their meta-analysis of 22 case—control and
prospective studies,'' the Surgeon General’s report con-
cluded that the association for smoking before and after
first birth did not differ. In our pooled analysis, we found a
dose response with the number of years parous women
smoked before their first birth. The association was evident
in all strata of age at first birth and of duration of smoking,
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Table 3. Continued

P-values for

per day

>3 drinks

1-2 drinks per day

<1 drink per day

Non-current drinker

interaction

95% CI Cases HR 95% CI Cases HR 95% CI Cases HR 95% CI

HR

Cases

1.34 (1.06, 1.69)

84

28 1.13 (0.95, 1.35)

1

(0.94, 1.09)

1.01
1.08
1.2

1.04
0.75

(0.93,1.16) 817

04

1.

327

<16

(1.21, 1.50)
(1.11, 1.57)
(0.83, 1.48)

1.35
1.32

1.

639
155
48

(1.22,1.39)

1.3
1.2

1.
0.04

1243
388

(1.04, 1.12)

5576
2294
687

(0.98,1.08)

1.03
0.

2046
776
399

16-20
21-25
>25

(1.08, 1.33)

(1.14, 1.26)
(0.96, 1.12)

(0.90, 1.04)

96
03

5x107°

11

(0.93, 1.34)

12

120

1.
0.79

Smoking initiation relative to first birth in parous ever smokers

(0.93,1.14)

0.13

P-value for linear trend®

(1.08, 1.43

24
18
35
33
85

1.

258

(0.97, 1.14)

1.05
1.

(0.94,1.35) 61 1. (0.91, 1.53

13

(1.18, 1.54
(1.16, 1.52

1.

314
301
148

(1.14, 1.36)

1.24
1.

1.

(1.23, 1.46)

34

(1.55,2.21
5x107*

1.

(1.12, 1.50)

0.02

1.03
1.

7024
907

1

6697
497

Never smoker

12

(0.92,1.10)

1

1.0
1

After first birth

(1.05,1.14

1.09

3195
2977
1163

(0.94, 1.07)

1275
963
386

<5 years before birth

(1.09,1.19

1.14
1.19

1.05 (0.98,1.12)

1.15

6-10 years before birth
>10 years before birth

(1.04, 1.28)

0.06

6x107*

P-value for linear trend®

*Multivariable-adjusted models included age, cohort, race/ethnicity, education, birth year, family history of breast cancer, history of benign breast disease, ever use of oral contraceptives, menopausal status and age at

menopause, age at menarche, ever use of menopausal hormone therapy, age at first birth and number of live births, body mass index and amount of alcohol use.

?Linear trend was evaluated using a continuous version of the variable excluding never smokers.

indicating that the association was independent of these
factors, as previously suggested.'' The inconsistencies
among prior studies in the Surgeon General’s report might
be due to the small number of cases, especially if examin-
ing the number of years of smoking prior to first birth in
individual studies and the recent maturity of prospective
studies that included birth cohorts who initiated smoking
at a young age. For example, recent publications from
other cohorts (not included in our analysis) also support
stronger associations among parous women who smoke

before first birth in highly screened women,*’ in racial/eth-

2126 and a comparatively large analysis of

nic subgroups
Europeans.'” Our pooled analysis included at least a por-
tion of the data from six of the prospective studies included
in the Surgeon General’s report.'! Our results for initiation
years before first birth are also consistent with models of
carcinogenesis of the breast.**

We further addressed the concern of residual confound-
ing effects by alcohol intake on the association of smoking
with breast cancer risk"*''"~'® by using statistical control
in multivariable models and by stratifying the association
into categories of alcohol intake with additional statistical
control for amount of alcohol within categories. Statistical
control for alcohol intake at baseline only slightly attenu-
ated the RRs for smoking characteristics in our study.
Consistently with the Collaborative Group on Hormonal
Factors in Breast Cancer,'® we observed no association be-
tween smoking status at baseline and breast cancer risk
among non-drinkers. However, we did observe associ-
ations with initiating smoking more than 10 years prior to
first birth in non-drinkers and in every stratum of alcohol
intake at baseline. We cannot, however, eliminate the pos-
sibility that this association is further confounded by alco-
hol consumption during early adult life, which was not
captured by the majority of the studies in our analysis. In
the Nurses” Health Study II, women who had higher alco-
hol intake between menarche and first birth also reported
higher intakes at baseline and after first pregnancy com-
pared with women who abstained between menarche and
first birth. In their multivariable analyses, alcohol intake
before first birth, compared with those abstaining before
first birth, was associated with breast cancer risk (per 10-g
increase: HR=1.11, 95% CI 1.00-1.23), independently of
cumulative alcohol intake after first pregnancy.*?

Stronger associations between smoking and breast can-
cer in pre-menopausal women has been hypothesized be-
cause the morphology of the breast and endogenous
hormone levels undergo significant changes during the
menopausal transition and other breast cancer risk factors
are modified by menopausal status.'' However, we found
no modification by menopausal status, which is consistent
with prior studies.***5 In our analysis, smoking initiation
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Table 4. Multivariate-adjusted* hazard ratios (HRs) and 95% confidence intervals (Cls) for the association of smoking character-

istics with invasive breast cancer risk by oestrogen receptor (ER) status, a pooled analysis among 14 cohorts in the NCI Cohort

Consortium
ER + ER- P-value for
homogeneity
Cases HR 95% CI Cases HR 95% CI
Smoking status
Never smoker 11616 1 2563 1 0.05
Former 7297 1.08 (1.05,1.11) 1455 0.99 (0.93, 1.06)
Current 3466 1.05 (1.01, 1.10) 766 1 (0.92,1.08)
Cigarettes per day in current smokers
Never smoker 11616 1 2563 1 0.55
<10 708 1.07 (0.99, 1.16) 151 0.94 (0.80, 1.10)
10-19 1121 1.03 (0.97,1.09) 266 1.04 (0.92,1.17)
20-29 998 1.05 (0.98,1.12) 215 0.98 (0.86, 1.13)
30-39 388 1.11 (1.01, 1.23) 82 0.98 (0.78,1.22)
>40 204 115 (1.00, 1.32) 49 1.18 (0.89, 1.56)
P-value for linear trend® 0.03 0.11
Years of smoking in current smokers
Never smoker 11616 1 2563 1 0.68
<10 51 1.08 (0.81, 1.36) 14 0.95 (0.56, 1.60)
10-19 466 1.12 (1.01, 1.23) 113 1.02 (0.84, 1.24)
20-39 2167 1.05 (1.00, 1.10) 509 1.01 (0.92,1.11)
>40 742 1.06 (0.99,1.14) 121 0.96 (0.81,1.14)
P-value for linear trend® 0.1 0.2
Years of smoking in former smokers
Never smoker 12 608 1 2740 1
<5 1007 1.02 (0.95,1.09) 235 1.02 (0.89, 1.16)
5-10 1077 1.09 (1.02, 1.16) 206 0.91 (0.79, 1.04)
10-20 2273 1.13 (1.08, 1.18) 445 0.98 (0.89, 1.09)
20-30 1626 1.08 (1.02, 1.14) 317 1 (0.89,1.13)
30-40 1102 1.08 (1.01, 1.15) 227 1.14 (0.99, 1.30)
>40 375 1.14 (1.02, 1.26) 75 1.27 (1.01, 1.60) 0.04
P-value for linear trend® 0.07 4x107*
Years since quitting smoker in former smokers
Never smoker 11.616 1 2563 1 0.07
>31 1441 1.06 (1.00, 1.12) 264 0.91 (0.81, 1.03)
21-30 2147 1.1 (1.05, 1.15) 427 0.99 (0.90, 1.09)
11-20 2345 1.1 (1.05, 1.15) 542 1.11 (1.02,1.22)
1-10 3466 1.05 (1.01, 1.09) 766 1 (0.92,1.08)
P-value for linear trend® 0.12 3x107*
Age of smoking initiation in ever smokers
Never smoker 12 608 1 2740 1
<16 1018 1.01 (0.95,1.08) 224 0.94 (0.82,1.08)
16-20 6927 1.08 (1.05,1.12) 1425 0.99 (0.93, 1.06)
21-25 2634 1.11 (1.06, 1.15) 569 1.08 (0.99,1.19)
>25 923 1 (0.93,1.07) 182 0.96 (0.82,1.11) 0.16
P-value for linear trend® 0.07 0.28
Smoking initiation relative to first birth in parous ever smokers
Never smoker 9936 1 2239 1 3x107
After first birth 1030 1.02 (0.96, 1.09) 226 1.06 (0.93, 1.20)
<§ years before birth 3548 1.05 (1.01, 1.09) 798 1.03 (0.95,1.11)
6-10 years before birth 3389 1.13 (1.09, 1.18) 644 0.95 (0.87, 1.04)
>10 years before birth 1248 1.21 (1.14, 1.28) 271 1.08 (0.95,1.22)
P-value for linear trend® 5x1077 0.29

*Multivariable-adjusted models included age, cohort, race/ethnicity, education, birth year, family history of breast cancer, history of benign breast disease,

ever use of oral contraceptives, menopausal status and age at menopause, age at menarche, ever use of menopausal hormone therapy, age at first birth and number

of live births, body mass index and amount of alcohol use.

“Linear trend was evaluated using a continuous version of the variable excluding never smokers.
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prior to first birth and smoking status were not modified
by menopausal status, which is consistent with the large
cohort of European women.'” Although the interaction
was statistically significant for duration of smoking in cur-
rent smokers, the lower risk estimated for the women who
had smoked for >40 years and who had not gone through
menopause was based on very few cases (n=26) and the
adjacent exposure category of women who had smoked for
20-39 years did not differ across strata of menopause.

Despite initial published hypotheses and early evidence
from small studies supporting a stronger association of
smoking with ER— breast cancer,'" the findings from our
pooled analysis suggest smoking, particularly initiation
>10 years prior to first birth, suggest a positive association
with risk of ER+, but not ER—, breast cancer. Results from
the large cohort study of European women'” also sug-
gested stronger positive associations with smoking for risk
of hormone-receptor-positive disease. Although more re-
cent data summarized in the Surgeon General’s report
found stronger associations for ER+ breast cancer, they
listed a number of limitations among the published studies,
including use of case—control data, incomplete control for
confounders and bias due to incomplete assessment of ER
status."! Our pooled analysis was based on prospective co-
hort data, we controlled for a large number of known
breast cancer risk factors and we found no bias in the asso-
ciation with smoking among the cases who had ER status
compared with those who did not.

Although data pooling provided a large number of
study participants, it also presented limitations. Variables
were harmonized to be inclusive of all participating co-
horts, and we were not able to harmonize all variables. We
were not able to define a reference group that excluded
passive smokers or lifelong never drinkers, which likely
biased our results toward the null. Despite this limitation,
we did not find evidence of between-study heterogeneity in
the associations (Supplementary Figures 1 and 2, available
as Supplementary data at IJE online). We only collected
baseline data on smoking status and covariate information.
Although current smokers at baseline may have quit during
follow-up, one of the studies included here did not find dif-
ferences in results of baseline or updated smoking status.**

Consistently with previous studies published after the

19,23,25,26,36 ur estimate of the

Surgeon General’s report,
magnitude of association between smoking status and
breast cancer risk is modest. However, this association did
not appear to be confounded by alcohol intake; rather, our
results support a synergistic relationship between smoking
initiation and adult alcohol drinking. Furthermore, we
found that longer duration of smoking prior to first birth
was associated with risk, and this association persisted in
both drinkers and non-drinkers. The associations with

smoking were more consistently associated with risk of
ER+ breast cancer. Other lingering epidemiologic issues
mentioned in the recent US Surgeon General’s report that
we addressed in this manuscript do not appear to have a
major influence. Whereas the association with breast can-
cer might be modest relative to the more profound health
effects of smoking on lung and other cancers, the number
of breast cancer cases attributable to smoking might in-
crease over time, as the prevalence of adolescent smoking
in the USA has remained stable since the 1930s®”** and
globally smoking initiation at young ages is increasing®’
and a greater proportion of women are delaying child-
birth.** Continued research in this area is warranted to fur-
ther support public health campaigns aimed at preventing
smoking and encouraging early cessation.

Supplementary Data

Supplementary data are available at IJE online.
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