
A prospective study of smoking and breast cancer risk among
African American women

Lynn Rosenberg1, Deborah A. Boggs1, Traci N. Bethea1, Lauren A. Wise1, Lucile L. Adams-
Campbell2, and Julie R. Palmer1

Deborah A. Boggs: dboggs@bu.edu; Traci N. Bethea: trb@bu.edu; Lauren A. Wise: lwise@bu.edu; Lucile L. Adams-
Campbell: lla9@georgetown.edu; Julie R. Palmer: jpalmer@bu.edu
1Slone Epidemiology Center at Boston University, Boston, MA
2Lombardi Comprehensive Cancer Center, Georgetown University, Washington, DC

Abstract
Purpose—Active smoking and passive smoking have been associated with increased risk of
breast cancer. The purpose of the present study was to prospectively assess associations of
smoking with breast cancer and identify subgroups at higher risk among African American
women.

Methods—Based on 1,377 incident cases identified during 14 years of follow-up in the Black
Women’s Health Study, we assessed active and passive smoking in relation to breast cancer
incidence by menopausal status, estrogen receptor status, and other factors. Incidence rate ratios
(IRR) and 95% confidence intervals (CI) for categories of smoking relative to no active or passive
smoking were calculated from Cox proportional hazards models, controlling for breast cancer risk
factors.

Results—Active smoking was associated with increased risk of premenopausal breast cancer.
The IRR was 1.21 (95% CI 0.90–1.62) for premenopausal breast cancer overall, and 1.70 (95% CI
1.05–2.75) for premenopausal breast cancer associated with beginning smoking before age 18
together with accumulation of ≥ 20 pack years. The positive association with premenopausal
breast cancer was most apparent for estrogen receptor positive cancer. Passive smoking was also
associated with increased risk of premenopausal breast cancer (IRR=1.42, 95% CI 1.09–1.85),
based on information on passive smoking at home and work. Neither active nor passive smoking
was associated with increased risk of postmenopausal breast cancer.

Conclusion—These results strengthen the evidence that both active and passive smoking
increase the incidence of premenopausal breast cancer.
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Introduction
Carcinogens are present in the smoke inhaled by cigarette smokers (active smoking) and
from the exhalation of the smoker and the lit end of the cigarette (passive smoking)[1–3].
Tobacco smoke contains fat-soluble mutagenic compounds that have been detected in
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human breast fluid[4] and can induce mammary tumors in animals[3], and higher levels of
DNA adducts and mutations in the p-53 gene have been found in the breast tissue of
smokers[1, 5].

Numerous epidemiologic studies, largely of white women, have assessed smoking in
relation to breast cancer risk[6]. Many of the earlier studies were null[1, 7, 8]. However,
evidence has accumulated that active smoking may increase risk [9–13], and follow-up
studies published in the last decade have consistently found higher breast cancer risk among
smokers with substantial exposure [14–21]. Risk may be greater for smoking at a young
ages [11] or before the first birth[22]; these exposures are of special interest because rapidly
dividing cells during breast tissue development may be more susceptible to carcinogens[23,
24]. The possibility of a differential effect of smoking by estrogen receptor status of the
tumor is also of interest because some risk factors for estrogen receptor positive (ER+) and
negative (ER−) breast cancer differ[25, 26], and constituents of smoke can bind to estrogen
receptors[27]. Results of the few studies of smoking and breast cancer by receptor status
have been conflicting[18, 21, 28–30].

Passive smoking has been associated in some studies with increased risk of premenopausal
[9, 10, 28, 31–34] and postmenopausal breast cancer[29, 35], but other studies have found
no increase for premenopausal[36], postmenopausal [36], or overall breast cancer risk [37,
38]. Some reviews find the evidence for a link with premenopausal breast cancer to be
convincing[9, 11] but others are skeptical[10, 13].

Previous findings on the association of smoking with breast cancer among African
American women are limited[39], and there are no published prospective data on the
association. With data from the Black Women’s Health Study (BWHS), we prospectively
assessed active and passive smoking in relation to the incidence of invasive breast cancer
overall and according to menopausal status, hormone receptor status, and other factors
among African American women.

Methods
The Black Women’s Health Study

The BWHS began in 1995 when 59,000 self-described black women ages 21–69 years from
across the mainland United States enrolled by completing mailed health questionnaires.
Participants have been followed biennially through mailed and web questionnaires[40].
Notifications of deaths are obtained from family members, the U.S. postal service, and the
National Death Index. Follow-up of the baseline cohort was 80% after seven completed
follow-up cycles. Informed consent is indicated by the completion of the questionnaires. The
Institutional Review Board of Boston University Medical Center approved the research.

Data collection
At baseline in 1995, participants reported active smoking (having smoked ≥ 1 cigarette per
day for at least a year currently or in the past); age started smoking regularly (≤14, 15, 16,
17, 18, 19, 20, ≥ 21 years); number of cigarettes smoked per day (<5, 5–14, 15–24, 25–34,
35–44, ≥ 45); and years of smoking (<10, 10–14, 15–19, 20–24, 25–29, ≥ 30). The number
of cigarettes currently smoked (none, <5, 5–14, 15–24, 25–34, ≥ 35 per day) was updated on
follow-up questionnaires. The 1997 questionnaire asked about exposure to a smoker at least
an hour a day for at least 12 consecutive months at home at ages 0–10, 11–20, and 21–30
and at work at ages 21–30; we defined passive smoking as a positive response to any of
these questions. Pack years of active smoking was calculated as the product of the years of
smoking (midpoint of category) and the number of cigarettes smoked (midpoint of
category).
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Information was collected at baseline on height, weight, years of education, family history
of breast cancer, number of births, age at first birth, oral contraceptive use, menopausal
female hormone use, vigorous exercise, alcoholic beverage consumption, menopausal status,
and age at menopause. All except height were updated on follow-up questionnaires.

Breast cancer cases
Incident cases were identified through self-report on follow-up questionnaires through 2009.
More than 99% of cases for which pathology reports from hospitals and cancer registries
were obtained have been confirmed as breast cancer. The present report is based on 1,377
breast cancer cases, of which 1,097 were confirmed as invasive breast cancer by pathology
data. In view of the high confirmation rate among cases for which pathology data were
available, we also included 280 cases for which records were not yet obtained. Hormone
receptor status was available for 854 cases; breast cancer risk factors did not differ between
cases with known and unknown receptor status [41, 42].

Analysis
After exclusion of 1,462 women who reported having cancer at baseline and 5,114 women
who did not complete the active smoking questions at baseline or the passive smoking
questions in 1997, there were 52,425 women remaining, who were followed through 2009.

We used Cox proportional hazards regression to estimate incidence rate ratios (IRRs) and
95% confidence intervals (CI) for the association of smoking with breast cancer relative to
never smoked actively or passively (SAS version 9.1.3). Women contributed person-time
from baseline until breast cancer diagnosis, death, or loss to follow-up, whichever came
first. Women who developed in-situ breast cancer were censored at that point. The smoking
variables and time-varying covariates were updated each questionnaire cycle. For example, a
current smoker contributed person years to the current smoking category; if she reported
having stopped smoking, her person-years starting with that questionnaire were contributed
to the former smoking category. The Cox models were jointly stratified by age in 1-year
intervals and questionnaire cycle and included terms for body mass index (BMI, kg/m2)
(<25, 25–29, ≥ 30), years of education (≤12, 13–15, ≥ 16), family history of breast cancer
(yes, no), age at menarche (≤11, 12–13, ≥ 14), parity (0, 1, 2, ≥ 3), age at first birth (<20,
20–24, ≥ 25), years of oral contraceptive use (never used, <5, ≥ 5), hours per week of
vigorous exercise (none, <5, ≥ 5), alcoholic beverage consumption (never drank, past
drinker, current consumption of 1–6 drinks/week, current consumption of ≥ 7 drinks/week),
menopausal status (premenopausal, postmenopausal, uncertain), age at menopause (<45, 45–
49, ≥ 50), and years of menopausal female hormone use (never used, <5, ≥ 5). Women with
a hysterectomy without removal of both ovaries were classified as premenopausal if their
current age was <43 (10th percentile of age at natural menopause in the BWHS),
postmenopausal if their age was ≥ 57 (90th percentile of age at natural menopause in the
cohort), and as having unknown menopausal status for ages 43–56 years. Tests for
interaction were performed using the likelihood ratio test comparing models with and
without cross-product terms between the covariates of interest.

Results
As shown in table 1, at baseline women with greater pack years of active smoking were
more likely to be older, obese (BMI ≥ 30), have lower educational attainment, higher parity,
younger age at first birth, less participation in strenuous exercise, and greater alcohol
consumption than women who smoked less or never smoked actively or passively. The
characteristics of passive smokers were generally intermediate between those of active
smokers and women who never smoked actively or passively. Family history of breast
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cancer, oral contraceptive use, menopausal female hormone use, and menopausal status did
not vary appreciably according to active or passive smoking.

The IRRs for ever active smoking and passive smoking, relative to never active or passive
smoking, were 1.08 (95% CI 0.89–1.31) and 1.18 (95% CI 0.98–1.42), respectively (table
2). The IRR for ever active smoking was 1.21 (95% CI 0.90–1.62) for premenopausal breast
cancer and 0.92 (95% CI 0.68–1.24) for postmenopausal breast cancer. Passive smoking was
associated with increased risk of premenopausal breast cancer (IRR=1.42, 95% CI 1.09–
1.85), and the IRR for postmenopausal breast cancer was less than 1.0. The IRR for
premenopausal breast cancer for the highest exposure to passive smoking (at each of ages 0–
10 and 11–20 at home and at ages 21–30 at home and work) was 1.70, 95% CI 1.10–2.63,
based on 31 exposed cases.

As shown in table 3, the IRR for breast cancer overall for the highest category of pack years
of active smoking considered, ≥ 20, was 1.20 (95% CI 0.95–1.52). The increase was
accounted for by a positive association with premenopausal breast cancer (IRR =1.33, 95%
CI 0.86–2.05); the corresponding estimate for postmenopausal breast cancer was less than
1.0. The p-value for interaction by menopausal status was 0.34. The increase in risk of
premenopausal breast cancer was greater if smoking was initiated before age 18: the IRR for
smoking before age 18 together with ≥ 20 pack years was 1.70 (95% CI 1.05–2.75). There
were no increases in risk for smoking initiated at age 18 or older. Neither smoking before
age 18 nor smoking that began later was associated with increased risk of postmenopausal
breast cancer.

Results of analyses according to whether smoking occurred before or after the first birth are
given in table 4. The IRRs for premenopausal breast cancer for smoking for <5 years before
the first term birth, ≥ 5 years before the first birth, and after the first birth only were all
increased: 1.47 (95% CI 0.92–2.33), 1.54 (95% CI 1.03–2.30), and 1.33 (95% CI 0.81–
2.19), respectively. The corresponding IRRs for postmenopausal breast cancer were below
1.0. Among women who accumulated ≥ 20 pack-years, the IRR for premenopausal breast
cancer was 1.64 (95% CI 0.78–3.46) for <5 years of smoking before the first birth and 2.01
(95% CI 1.10–3.65) for ≥ 5 years of smoking after the first birth.

In analyses of nulliparous women (n=277), the IRR for ≥ 20 pack years of smoking
associated with breast cancer overall was 1.09 (95% CI 0.65–1.80), based on 30 exposed
cases; the corresponding estimate for premenopausal breast cancer was 0.94 (95% CI 0.37–
2.36), based on 6 exposed cases.

Table 5 shows pack years of active smoking and smoking before age 18 in relation to
premenopausal breast cancer in categories of BMI, alcohol consumption, and estrogen
receptor status. IRRs were generally increased for ≥ 20 pack years and even more so if
smoking began before age 18. The IRR associated with ≥ 20 pack years of smoking was
2.22 (95% CI 1.09–4.54) among women with BMI <25 and 1.01 (95% CI 0.58–1.77) among
women with BMI ≥ 25 (p interaction = 0.12). The association with ≥ 20 pack years was
similar among women who ever drank alcohol (IRR= 1.40, 95% CI 0.76–2.58) and those
who never drank (IRR=1.41, 95% CI 0.70–2.83). The IRR for ER+ breast cancer associated
with ≥ 20 pack years of smoking was 1.85 (95% CI 0.96–3.57), and it was 2.58 (95% CI
1.26–5.29) if the smoking began before age 18; the IRRs for ER− cancer were less than
1.00. To test the differences in the IRRs by receptor status, we confined a Cox regression
model to ER+ and ER− cases; none of the IRRs differed from 1.0 at the 0.05 level of
significance.

We also assessed passive smoking in relation to premenopausal breast cancer within strata
of the categories shown in table 5. There were no notable differences between strata.
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Specifically, for the categories BMI <25, BMI ≥ 25, alcohol drinker, never drinker, ER+
cancer, and ER− cancer, the IRRs were 1.43 (95% CI 0.91–2.27), 1.37 (95% C 0.99–1.89),
1.61 (95% CI 1.02–2.55), 1.31 (95% CI 0.94–1.81), 1.27 (95% CI 0.82–1.96) and 1.52
(0.92–2.52), respectively

There were no increases in risk of postmenopausal breast cancer associated with ≥ 20 pack
years of smoking, smoking initiation before age 18, or passive smoking, in the categories of
factors shown in table 5 (data not shown).

Discussion
In this follow-up study, active smoking was associated with increased risk of premenopausal
breast cancer, in agreement with many previous studies. There was no increase in
postmenopausal cancer risk, but the difference in risk by menopausal status was not
statistically significant. In studies conducted before 2009, risk estimates for an association
with smoking were generally higher for premenopausal than for postmenopausal breast
cancer [11, 12]. In two recent large case-control studies, active smoking was associated with
premenopausal breast cancer but not with postmenopausal breast cancer[28, 43], and in a
third it is was associated more strongly with premenopausal cancer[44]. In recent follow-up
studies, smoking has been associated with increased risk of both premenopausal[14–16, 18,
45] and postmenopausal breast cancer[14, 15, 21]. In the largest study to date, based on data
from the Nurses’ Health Study, smoking after menopause was not associated with increased
risk but smoking before menopause was associated with increased risk of both
premenopausal and postmenopausal cancer[36]. Differences in the association of smoking
with breast cancer by menopausal status may be explained by mechanisms that have
opposing effects: carcinogens from cigarette smoke increase risk, but smoking also reduces
estrogen levels, which would lower risk [46]. The reduction of estrogen levels by smoking
might be most relevant when levels have declined, as among postmenopausal women, and
could contribute to the absence of a positive association of smoking with postmenopausal
breast cancer in some studies.

We found that the positive association of active smoking with premenopausal breast cancer
was present for ER+ cancer and not for ER− cancer. Some studies have found stronger
associations with ER+ cancer[18, 21, 28, 29] and a small study found a stronger association
with ER− cancer[30] but, as in the present study, the differences have generally not been
statistically significant. A follow-up study of the Women’s Health Initiative cohorts found ≥
40 pack years of smoking to be associated with increased risk of ER+ cancer but not of triple
negative breast cancer, a subgroup of ER− cancer; results on ER− cancer as a whole were
not presented [47]. A stronger association with ER+ cancer could involve the binding of
tobacco carcinogens to estrogen receptors [27].

Smoking initiated at a young age has been consistently associated with a greater increase in
risk of breast cancer than smoking begun later [2, 15, 18, 48]. However, early starters tend to
smoke longer [15, 36] and many studies did not control duration or amount of smoking
when assessing age started. In the present study, results from assessment of age started
within categories of pack years suggest that early initiation is an important contributor to
increased risk of premenopausal breast cancer beyond that of duration and amount smoked.
In addition, the lack of an association of early smoking with increased risk unless there had
also been appreciable pack years of smoking subsequently suggests that the association with
early initiation is not simply a latency effect.

In the present study both active smoking that occurred before the first birth and active
smoking that began after the first birth were associated with increased risk. Many studies
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have suggested higher breast cancer risk for women who smoked before the first birth [14–
16, 21, 29, 36, 48, 49], although two recent follow-up studies found no difference [22, 24].
In the Nurses’ Health Study, after control in detail for the duration of smoking at other ages,
smoking before the first birth was associated with greater risk than smoking after the first
birth[19, 36].

We found that smoking was not associated with increased breast cancer risk among
nulliparous women, in agreement with the Nurses’ Health Study[19]. The null results among
the relatively small numbers of nulliparous women may reflect lower statistical power.
Alternatively, a greater risk among parous smokers could indicate that the mammary cell
proliferation that occurs during or after pregnancy makes women more vulnerable to the
effects of tobacco carcinogens [50, 51].

The increased risk of premenopausal breast cancer associated with smoking in the present
study was apparent only among women with a BMI <25. In contrast, an association of active
smoking with premenopausal breast cancer in a case-control study was stronger in obese
women [28]. In the Women’s Health Initiative follow-up study of postmenopausal women,
active smoking was associated with increased breast cancer risk only among women with
BMI < 30 [52]. Other evidence on the possibility that weight modifies an effect of smoking
is sparse.

It has been suggested that alcohol consumption, which is a risk factor for breast cancer[53],
could account for positive associations of smoking with breast cancer. The suggestion was
based on the lack of association of ever smoking with breast cancer risk among nondrinkers
in a combined analysis that included over 58,000 breast cancer cases[54]. However,
substantial smoking rather than ever smoking has been most consistently associated with
increased breast cancer risk[11]. In addition, most studies that have found associations with
smoking controlled for alcohol consumption. In the present study, a positive association of
smoking and breast cancer risk was present after control for the timing and amount of
alcohol consumption, and there was also an association among never drinkers. Recent
follow-up studies have also found increases in breast cancer risk for smokers who were
nondrinkers [14, 15].

We found passive smoking to be associated with increased risk of premenopausal breast
cancer, in agreement with some studies [9, 10, 28, 31–34], but other studies have been null
[36–38]. Two recent follow-up studies reported positive associations with postmenopausal
breast cancer[14, 29]. The passive smoking information in many studies, including our own,
has been limited. We had data on passive smoking at several ages at home and work but not
on the duration or intensity of exposure.

Previous results on smoking and breast cancer in African American women specifically are
quite limited. The Carolina Breast Cancer Study assessed the association of smoking with
breast cancer risk in a population-based case-control study of African American women
(894 cases) and white women (1234 cases)[39]. Active and passive smoking were associated
with increased risk of breast cancer among African American women; risk increased with
increasing duration of smoking but was unrelated to the age started smoking. Smoking was
not associated with breast cancer risk among white women. Results within strata of
menopausal status, body size, or estrogen receptor status of the tumor were not presented.

Results from case-control studies have been less consistent than those from cohort studies,
possibly reflecting reporting bias or selective enrollment according to smoking status in
some studies. Prospective data collection in the present study obviates concern about
reporting bias, and completeness of follow-up was satisfactory. The information on smoking
was updated throughout follow-up, and we controlled for important potential confounding

Rosenberg et al. Page 6

Cancer Causes Control. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



variables. We used a reference category of never active or passive smoking because, if
passive smoking increases risk of breast cancer, inclusion of passive smoking in the
reference category will have diluted associations with active smoking[31, 44]. Analyses in
subgroups were limited by small numbers.

Racial differences have been found in the association of smoking with risk of lung cancer.
Specifically, in the Multiethnic Cohort Study, African American and Native Hawaiian
smokers appeared more susceptible to developing lung cancer than whites, Japanese
Americans, and Latinos[55]. This finding raises the possibility that the influence of smoking
on breast cancer risk could differ by race. The present results on smoking and breast cancer,
and those of the Carolina Breast Cancer Study specifically in African American women[39],
are consistent with those of many previous studies in white women and do not support a
difference by race. Confounding factors differ across populations. Among the African
American women in the present study, active smoking was strongly positively associated
with body mass index and early age at first birth. In contrast, among the white women in the
Nurses’ Health Study[36] and Nurses’ Health Study II[18], smoking was inversely
associated with body mass index and weakly associated with age at first birth. The fact that
studies of different ethnic groups with varying patterns of confounding factors have found
associations of prolonged smoking with increased breast cancer risk adds credibility that the
associations are real.

Conclusion
The present results strengthen the evidence that active and passive smoking increase the risk
of premenopausal cancer. Very large studies, or combined analyses, are needed to clearly
determine when during the lifespan smoking is most hazardous in terms of breast cancer risk
and which subgroups of women are most affected.
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Table 1

Smoking status by baseline characteristics (age standardized)a

Characteristic Smoking status

Never active or passive Passive only <5 pack-yrs ≥5 pack-yrs

N 8025 24,172 7,612 11,657

Age, mean 33.9 37.6 39.3 44.7

BMI, %

 <25 44.6 37.1 35.5 33.5

 25–29 29.5 31.0 32.2 32.0

 ≥30 25.0 30.5 30.9 33.3

Years of education, %

 ≤12 11.5 16.9 22.1 27.5

 13–15 27.9 34.8 39.0 41.6

 ≥16 60.5 48.2 38.7 30.6

Family history of breast cancer, % 6.4 6.3 6.7 6.7

Age at menarche, %

 ≤11 25.7 28.9 27.7 29.3

 12–13 54.4 52.2 52.1 51.5

 ≥14 19.3 18.4 19.7 18.7

Parity, %

 Nulliparous 41.9 36.5 30.3 28.7

 1–2 41.4 43.9 48.2 48.6

 ≥3 16.6 19.4 21.2 22.4

Age at first birth among parous,%

 <20 24.6 31.4 36.1 42.5

 20–24 37.2 37.1 35.4 33.1

 ≥25 37.5 30.8 27.2 23.4

Premenopausal,% 78.2 77.1 76.4 75.0

Postmenopausal, % 15.5 16.5 17.1 18.6

Years of female hormone use, postmenopausal women

  Never used 41.1 40.0 42.9 39.6

  <5 30.6 30.9 30.4 31.9

  ≥5 21.4 23.1 20.3 23.3

Age at menopause, %

  <40 27.2 28.3 27.7 30.6

  40–44 19.0 19.5 18.5 20.1

  45–49 23.3 22.8 24.5 25.1

  ≥50 26.9 26.6 26.6 22.1

Yrs of oral contraceptive use, %

 Never used 26.9 23.5 21.7 23.2

 <5 42.4 44.4 48.5 46.8

 ≥5 30.6 32.1 29.8 30.0
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Characteristic Smoking status

Never active or passive Passive only <5 pack-yrs ≥5 pack-yrs

Hr/wk of strenuous exercise, %

 None 28.4 31.4 30.0 38.8

 <5 53.4 51.8 52.4 46.7

 ≥5 14.2 13.0 13.5 11.4

Drinks/wk of alcohol, %

 <1 85.7 81.7 58.6 58.0

 1–3 8.5 10.2 20.2 18.2

 ≥4 5.2 7.7 20.8 23.4

a
Percentages may not add to 100% because of missing data

Cancer Causes Control. Author manuscript; available in PMC 2014 December 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rosenberg et al. Page 13

Ta
bl

e 
2

A
ct

iv
e 

an
d 

pa
ss

iv
e 

sm
ok

in
g 

in
 r

el
at

io
n 

to
 b

re
as

t c
an

ce
r 

in
ci

de
nc

e 
ov

er
al

l a
nd

 b
y 

m
en

op
au

sa
l s

ta
tu

sa

Sm
ok

in
g 

st
at

us
A

ll 
w

om
en

P
re

m
en

op
au

sa
l

P
os

tm
en

op
au

sa
l

C
as

es
P

-y
rs

b
IR

R
 (

95
%

 C
I)

C
as

es
IR

R
 (

95
 %

 C
I)

C
as

es
IR

R
 (

95
 %

 C
I)

N
ev

er
 a

ct
iv

e 
or

 p
as

si
ve

14
1

10
0,

18
4

1.
00

70
1.

00
52

1.
00

Pa
ss

iv
e 

on
ly

63
0

29
8,

82
2

1.
18

 (
0.

98
–1

.4
2)

29
6

1.
42

 (
1.

09
–1

.8
5)

25
1

0.
92

 (
0.

68
–1

.2
4)

E
ve

r 
sm

ok
er

60
6

25
1,

17
1

1.
08

(0
.8

9–
1.

31
)

19
2

1.
21

(0
.9

0–
1.

62
)

32
7

0.
86

(0
.6

3–
1.

16
)

 
Fo

rm
er

 s
m

ok
er

40
5

15
1,

75
1

1.
10

 (
0.

90
–1

.3
5)

11
6

1.
25

 (
0.

92
–1

.7
1)

22
9

0.
84

 (
0.

61
–1

.1
5)

 
C

ur
re

nt
 s

m
ok

er
20

1
99

,4
20

1.
05

 (
0.

83
–1

.3
1)

76
1.

14
 (

0.
81

–1
.6

1)
98

0.
90

 (
0.

63
–1

.2
8)

a IR
R

s 
ad

ju
st

ed
 f

or
 a

ge
, q

ue
st

io
nn

ai
re

 c
yc

le
, B

M
I,

 y
ea

rs
 o

f 
ed

uc
at

io
n,

 f
am

ily
 h

is
to

ry
 o

f 
br

ea
st

 c
an

ce
r,

 a
ge

 a
t m

en
ar

ch
e,

 p
ar

ity
, a

ge
 a

t f
ir

st
 b

ir
th

, o
ra

l c
on

tr
ac

ep
tiv

e 
us

e,
 v

ig
or

ou
s 

ex
er

ci
se

, a
lc

oh
ol

ic
 b

ev
er

ag
e

co
ns

um
pt

io
n,

 m
en

op
au

sa
l s

ta
tu

s,
 a

ge
 a

t m
en

op
au

se
, a

nd
 m

en
op

au
sa

l f
em

al
e 

ho
rm

on
e 

us
e

b Pe
rs

on
-y

ea
rs

Cancer Causes Control. Author manuscript; available in PMC 2014 December 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rosenberg et al. Page 14

Ta
bl

e 
3

T
ot

al
 p

ac
k 

ye
ar

s 
an

d 
ag

e 
st

ar
te

d 
ac

tiv
e 

sm
ok

in
g 

in
 r

el
at

io
n 

to
 b

re
as

t c
an

ce
r 

in
ci

de
nc

e 
ov

er
al

l a
nd

 b
y 

m
en

op
au

sa
l s

ta
tu

sa

P
ac

k 
yr

s 
- 

A
ge

 s
ta

rt
ed

A
ll 

w
om

en
P

re
m

en
op

au
sa

l
P

os
tm

en
op

au
sa

l

C
as

es
P

-y
rs

b
IR

R
 (

95
%

 C
I)

C
as

es
IR

R
 (

95
 %

 C
I)

C
as

es
IR

R
 (

95
 %

 C
I)

N
ev

er
 a

ct
iv

e 
or

 p
as

si
ve

14
1

10
0,

18
4

1.
00

70
1.

00
52

1.
00

<
10

 p
k-

yr
25

6
12

6,
70

3
1.

05
 (

0.
85

–1
.3

0)
98

1.
11

 (
0.

81
–1

.5
4)

11
5

0.
86

 (
0.

61
–1

.2
0)

10
–1

9 
pk

-y
r

15
0

61
,0

09
1.

03
 (

0.
81

–1
.3

1)
53

1.
37

 (
0.

94
–2

.0
0)

83
0.

81
 (

0.
57

–1
.5

6)

≥2
0 

pk
-y

r
17

3
52

,2
14

1.
20

 (
0.

95
–1

.5
2)

33
1.

33
 (

0.
86

–2
.0

5)
11

5
0.

92
 (

0.
66

–1
.3

0)

St
ar

te
d 

ag
e 

<
18

21
9

96
,6

80
1.

13
 (

0.
90

–1
.4

1)
87

1.
35

 (
0.

97
–1

.8
8)

98
0.

83
 (

0.
58

–1
.1

7)

St
ar

te
d 

ag
e 

≥1
8

37
9

15
0,

53
7

1.
06

 (
0.

86
–1

.3
0)

10
2

1.
11

(0
.8

1–
1.

53
)

22
6

0.
88

 (
0.

64
–1

.2
0)

<
10

 p
k-

yr

 
St

ar
te

d 
ag

e 
<

18
59

39
,7

57
0.

93
 (

0.
68

–1
.2

7)
28

0.
97

 (
0.

62
–1

.5
2)

18
0.

69
 (

0.
40

–1
.1

9)

 
St

ar
te

d 
ag

e 
≥1

8
19

5
85

,6
63

1.
11

 (
0.

88
–1

.3
8)

69
1.

19
 (

0.
84

–1
.6

7)
96

0.
90

 (
0.

64
–1

.2
8)

10
–1

9 
pk

-y
r

 
St

ar
te

d 
ag

e 
<

18
67

27
,4

85
1.

17
 (

0.
86

–1
.5

7)
31

1.
64

 (
1.

05
–2

.5
4)

29
0.

81
 (

0.
51

–1
.2

9)

 
St

ar
te

d 
ag

e 
≥1

8
83

33
,1

71
0.

96
 (

0.
72

–1
.2

7)
22

1.
13

 (
0.

69
–1

.8
5)

54
0.

81
 (

0.
55

–1
.2

0)

≥2
0 

pk
-y

r

 
St

ar
te

d 
ag

e 
<

18
83

26
,1

40
1.

28
 (

0.
96

–1
.7

0)
24

1.
70

 (
1.

05
–2

.7
5)

45
0.

87
 (

0.
58

–1
.3

1)

 
St

ar
te

d 
ag

e 
≥1

8
89

25
,7

25
1.

14
 (

0.
87

–1
.6

1)
9

0.
85

 (
0.

42
–1

.7
2)

69
0.

95
 (

0.
66

–1
.3

8)

a IR
R

s 
ad

ju
st

ed
 f

or
 a

ge
, q

ue
st

io
nn

ai
re

 c
yc

le
, B

M
I,

 y
ea

rs
 o

f 
ed

uc
at

io
n,

 f
am

ily
 h

is
to

ry
 o

f 
br

ea
st

 c
an

ce
r,

 a
ge

 a
t m

en
ar

ch
e,

 p
ar

ity
, a

ge
 a

t f
ir

st
 b

ir
th

, o
ra

l c
on

tr
ac

ep
tiv

e 
us

e,
 v

ig
or

ou
s 

ex
er

ci
se

, a
lc

oh
ol

ic
 b

ev
er

ag
e

co
ns

um
pt

io
n,

 m
en

op
au

sa
l s

ta
tu

s,
 a

ge
 a

t m
en

op
au

se
, a

nd
 m

en
op

au
sa

l f
em

al
e 

ho
rm

on
e 

us
e

b Pe
rs

on
-y

ea
rs

Cancer Causes Control. Author manuscript; available in PMC 2014 December 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rosenberg et al. Page 15

Ta
bl

e 
4

T
ot

al
 p

ac
k-

ye
ar

s 
an

d 
du

ra
tio

n 
of

 a
ct

iv
e 

sm
ok

in
g 

be
fo

re
 th

e 
fi

rs
t t

er
m

 b
ir

th
 (

FT
B

) 
in

 r
el

at
io

n 
to

 b
re

as
t c

an
ce

r 
in

ci
de

nc
e 

ov
er

al
l a

nd
 b

y 
m

en
op

au
sa

l s
ta

tu
s

am
on

g 
pa

ro
us

 w
om

en
a

P
ac

k 
ye

ar
s 

an
d 

ye
ar

s 
of

 s
m

ok
in

g 
be

fo
re

 F
T

B
A

ll 
w

om
en

P
re

m
en

op
au

sa
l

P
os

tm
en

op
au

sa
l

C
as

es
P

-y
rs

b
IR

R
 (

95
%

 C
I)

C
as

es
IR

R
 (

95
 %

 C
I)

C
as

es
IR

R
 (

95
 %

 C
I)

N
ev

er
 a

ct
iv

e 
or

 p
as

si
ve

98
57

,0
22

1.
00

40
1.

00
43

1.
00

Pa
ck

 y
rs

Y
rs

 s
m

ok
ed

 b
ef

or
e 

FT
B

A
ll

<
5 

yr
13

7
59

,1
14

1.
03

 (
0.

78
–1

.3
5)

41
1.

47
 (

0.
92

–2
.3

3)
75

0.
71

 (
0.

48
–1

.0
5)

≥5
 y

r
20

9
73

,6
51

1.
21

 (
0.

94
–1

.5
6)

76
1.

54
 (

1.
03

–2
.3

0)
10

0
0.

89
 (

0.
61

–1
.2

9)

Sm
ok

ed
 a

ft
er

 o
nl

y
14

5
56

,3
09

1.
17

 (
0.

89
–1

.5
5)

33
1.

33
 (

0.
81

–2
.1

9)
94

0.
93

 (
0.

63
–1

.3
7)

<
20

<
5 

yr
81

41
,5

36
0.

93
 (

0.
69

–1
.2

7)
32

1.
51

 (
0.

93
–2

.4
7)

38
0.

61
 (

0.
39

–0
.9

5)

≥5
 y

r
14

6
55

,3
34

1.
20

 (
0.

92
–1

.5
6)

57
1.

43
 (

0.
83

–2
.1

7)
62

0.
89

 (
0.

59
–1

.3
3)

Sm
ok

ed
 a

ft
er

 o
nl

y
10

6
42

,8
88

1.
20

 (
0.

89
–1

.6
1)

30
1.

48
 (

0.
89

–2
.4

6)
65

0.
98

 (
0.

65
–1

.4
8)

≥2
0

<
5 

yr
52

15
,1

75
1.

31
 (

0.
92

–1
.8

6)
9

1.
64

 (
0.

78
–3

.4
6)

35
0.

94
 (

0.
59

–1
.5

0)

≥5
 y

r
56

15
,9

13
1.

25
 (

0.
89

–1
.7

6)
16

2.
01

 (
1.

10
–3

.6
5)

34
0.

88
 (

0.
55

–1
.3

9)

Sm
ok

ed
 a

ft
er

 o
nl

y
31

10
,9

84
1.

09
 (

0.
71

–1
.6

6)
1

—
24

0.
82

 (
0.

49
–1

.3
9)

a IR
R

s 
ad

ju
st

ed
 f

or
 a

ge
, q

ue
st

io
nn

ai
re

 c
yc

le
, B

M
I,

 y
ea

rs
 o

f 
ed

uc
at

io
n,

 f
am

ily
 h

is
to

ry
 o

f 
br

ea
st

 c
an

ce
r,

 a
ge

 a
t m

en
ar

ch
e,

 p
ar

ity
, o

ra
l c

on
tr

ac
ep

tiv
e 

us
e,

 v
ig

or
ou

s 
ex

er
ci

se
, a

lc
oh

ol
ic

 b
ev

er
ag

e 
co

ns
um

pt
io

n,
m

en
op

au
sa

l s
ta

tu
s,

 a
ge

 a
t m

en
op

au
se

, a
nd

 m
en

op
au

sa
l f

em
al

e 
ho

rm
on

e 
us

e

b Pe
rs

on
-y

ea
rs

Cancer Causes Control. Author manuscript; available in PMC 2014 December 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rosenberg et al. Page 16

Table 5

Total pack years of active smoking and started smoking before age 18 in relation to premenopausal breast

cancer incidence by body mass index, alcohol consumption, and estrogen receptor status of the tumora,b

Subgroup Pack yrs and age started Cases IRR (95% CI)

BMI <25 Never active or passive 24 1.00

<20 total 41 1.26 (0.73–2.17)

≥20 total 14 2.22 (1.09–4.54)

≥20, started before age 18 12 3.34(1.58–7.05)

BMI ≥25 Never active or passive 46 1.00

<20 total 110 1.16 (0.81–1.67)

≥20 total 19 1.01 (0.58–1.77)

≥20, started at age < 18 12 1.14 (0.59–2.19)

Alcohol drinker Never active or passive 22 1.00

<20 total 106 1.29 (0.80–2.06)

≥20 total 23 1.40 (0.76–2.58)

≥20, started at age < 18 18 1.85(0.97–3.53)

Nondrinker Never active or passive 48 1.00

<20 total 45 1.20 (0.79–1.83)

≥20 total 10 1.41 (0.70–2.83)

≥20, started at age < 18 6 1.63 (0.68–3.83)

ER+ cancer Never active or passive 26 1.00

<20 total 60 1.37 (0.84–2.23)

≥20 total 16 1.85 (0.96–3.57)

≥20, started at age < 18 12 2.58 (1.26–5.29)

ER− cancer Never active or passive 19 1.00

<20 total 29 0.96(0.52–1.77)

≥20 total 4 0.69( 0.23–2.09)

≥20, started at age <18 2 0.59 (0.13–2.58)

a
IRRs adjusted for age, questionnaire cycle, BMI, years of education, family history of breast cancer, age at menarche, parity, age at first birth, oral

contraceptive use, vigorous exercise, alcoholic beverage consumption, menopausal status, age at menopause, and menopausal female hormone use

b
ER status was obtained for 854 of the 1,377 cases
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