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Abstract

Background: The purpose of this study was to examine if the smoking-related higher
breast cancer risk was similar for the five race/ethnicity groups in the Multiethnic Cohort
(MEC) study and by oestrogen (ER) and progesterone (PR) receptor status.

Methods: From 1993 to 2013, we followed 67 313 women who were enrolled in the MEC
study at 45-75 years of age. We identified breast cancer cases and tumour receptor status
via linkage to the Hawaii and California Surveillance, Epidemiology and End Results
Program cancer registries through December 2013. We used Cox proportional hazards re-
gression to estimate multivariable-adjusted hazard ratios with 95% confidence intervals (Cl).
Results: During a mean follow-up of 16.7 years, we identified 4230 incident, invasive
breast cancer cases. Compared with parous never smokers, parous ever smokers who
had smoked more than 5 years before their first live childbirth had a higher risk of breast
cancer overall of 31% (95% Cl: 1.14-1.51). This higher risk was 51% (95% CI: 1.05-2.16)
for African Americans, 66% (95% CIl: 1.10-2.50) for Native Hawaiians, 42% (95% CI: 1.13-
1.78) for Whites, 37% (95% CI: 1.17-1.61) for ER-positive (ER+) tumours and 33% (95% Cl:
1.11-1.59) for PR+ tumours. No difference was suggested by racial/ethnic groups
(Pheterogeneity = 0.15) or tumour receptor status (Pheterogeneity = 0.60 by ER status and 0.95
by PR status).

Conclusions: We find that the higher breast cancer risk related to smoking is similar
across racial/ethnic groups and by ER and PR status, indicating that breast cancer should
be considered as a smoking-related cancer.
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Key Messages

update their conclusions.

* Smoking is not an established risk factor for breast cancer.

* Our main findings suggest that the smoking-related breast cancer risk is similar across racial/ethnic groups and by
oestrogen and progesterone receptor status, indicating that breast cancer is a smoking-related cancer.

* The results of the present study, together with those from other recent cohort studies, support the notion that women
who start smoking as teenagers and continue until they get pregnant years later, have a higher risk of breast cancer.

* Public health agencies reviewing the smoking and breast cancer data should reconsider the available evidence and

* Breast cancer prevention messages should address smoking by adolescent girls.

Introduction

Smoking is not an established risk factor for breast cancer,
but increasing evidence supports an association especially
for women who initiated smoking before first childbirth.'"
In contrast to the developed world, tobacco consumption
is increasing in the developing world and more women are
initiating smoking in their teens than in previous genera-
tions.' 1% We previously reported that risk of breast cancer
in the Multiethnic Cohort (MEC) study'® was directly as-
sociated with various measures of active smoking. The
magnitude of the association among women who did not
drink alcohol was similar to that in the overall study popu-
lation, indicating that confounding by alcohol did not ex-
plain the smoking—breast cancer association.

Differences in risk by race/ethnicity have not been
addressed in detail with regard to the smoking and breast
cancer association. Most recent cohort studies reporting on
this subject included only African Americans,'* Japanese'® or
only'®?! or mostly Whites.”>” Moreover, the 2014 US
Surgeon General’s report raised the possibility of differences
in the risk associated with smoking by hormone receptor sta-
tus.* This topic has been examined in several recent cohort
studies, 18242 but the results have remained inconsistent.

The purpose of this study was to examine if the
smoking-related higher breast cancer risk was similar for
the five race/ethnicity groups in the MEC and by oestrogen
(ER) and progesterone (PR) receptor status.

Methods

Study population

The MEC study consists of more than 215000 men and
women who were aged 45-75years and living in

California and Hawaii at time of cohort entry. It comprises
mainly five racial/ethnic populations: African Americans,
Japanese Americans, Latinos, Native Hawaiians and
Whites. The cohort has been previously described in de-
tail.>®*? Briefly, between 1993 and 1996, participants en-
rolled in the study by completing a 26-page mailed
questionnaire asking detailed information about demo-
graphic factors, dietary habits, other lifestyle factors, prior
medical conditions and family history of common cancers.
We identified potential participants through driver’s li-
cense files from the state Department of Motor Vehicles,
voter registration lists and Health Care Financing
Administration (Medicare) data files. The Institutional
Review Boards of the University of Hawaii and the
University of Southern California approved the study.

Altogether, 96137 postmenopausal women returned
the questionnaire. Women who did not belong to one of
the five targeted racial/ethnic groups (7= 5506), who had
a prior breast cancer based on questionnaire reports or in-
formation from tumour registry linkages (7=35455) or
who had missing information on alcohol intake (7 =3588)
and smoking status (7 =1698) were excluded. As a result,
79 890 participants remained for this analysis.

Data collection

At baseline, participants reported whether they had ever
smoked at least 20 packs of cigarettes in their lifetime, the
number of years they smoked cigarettes, the average num-
ber of cigarettes smoked per day during the period when
they smoked, and the number of years since they quit
smoking. We computed age at smoking initiation as age at
questionnaire completion minus years smoking for current
smokers, or as age at questionnaire completion minus the
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sum of years smoking and years since quitting for former
smokers. We also calculated pack-years as number of ciga-
rettes smoked per day, divided by 20 and multiplied by the
duration of smoking in years. For parous smokers, we cal-
culated ‘years of smoking before first childbirth’ as age at
their first child’s birth minus age at smoking initiation.

The baseline questionnaire asked about years of educa-
tion, height and current weight for calculating body mass
index (BMI, kg/m?), age at and type of menopause, ever
use of postmenopausal hormone therapy and alcohol con-
sumption during the past year. We calculated mean alcohol
intake in g/day based on the alcohol content of different
beverages and usual portion sizes.

We identified invasive incident cancer cases by linkage to
the Surveillance, Epidemiology, and End Results Program
cancer registries covering Hawaii and California. We classi-
fied breast cancer cases according to the organ site code (C50)
in the International Classification of Diseases, Tenth Revision
and according to oestrogen and progesterone tumour receptor
status categories [ER-positive (ER+), ER-negative (ER-),
PR+, PR~] based on information from the registries. We iden-
tified deaths by linkage to death-certificate files in Hawaii and
California and to the National Death Index. Case ascertain-
ment and vital status were complete through December 31,
2013. We calculated person-years from the start of follow-up
to the date of invasive breast cancer diagnosis, death or the
end of follow-up (December 31, 2013), whichever occurred
first.

Statistical analysis

We calculated age-adjusted breast cancer incidence rates per
100000 person-years, truncated to ages 45-85years,
weighted by the age distribution of the 2000 US standard
population.’ We used Cox proportional hazards regression
to model time to breast cancer, with age as the underlying
time scale. Hazard ratios (HRs) with 95% confidence inter-
vals (ClIs) were computed for the associations with different
measures of smoking exposure [smoking status at cohort en-
try (never, former, current, ever); and among ever smokers,
age at smoking initiation (<20, 20-24, >25 years), smoking
duration (<20, 21-30, >31years), number of cigarettes
smoked per day (<10, 11-20, >21) and number of pack-
years (<10, 11-20, >21)], with never smokers as the refer-
ence group. We included as covariates race/ethnicity
(African American, Native Hawaiian, Japanese, Latina and
White, adjusted as a strata variable), age at cohort entry
(continuous), family history of breast cancer (no, yes,), edu-
cation (<12; >12years), BMI (<25; 25-<30; 23Okg/m2),
age at menarche (<12; 13-14; >15 years), age at first child-
birth (no children; <20; 21-30; >31 years), number of chil-
dren for parous women (1; 2-3; >4), age at and type of

menopause (natural: age <45, 45-<50, 50-<535, >55 years;
oophorectomy: age <43, 45-<50, >50 years; hysterectomy:
age <45, 45-<50, >50years), postmenopausal hormone
therapy (no current oestrogen use; past oestrogen use with
or without progestin; current oestrogen use without proges-
tin; current oestrogen use with past/current progestin) and
alcohol consumption (continuous as ethanol g/day). The

hazards tested using

31,32

proportional assumption was
Schoenfeld residuals and was found to hold.

We conducted tests for linear trends by including an or-
dinal exposure variable with equally spaced scores in mod-
els and never smokers as the first category. We assessed
heterogeneity in the association of breast cancer risk with
smoking variables by race/ethnicity by testing the vector of
parameters for the pairwise product terms between smok-
ing and race against zero using a Wald test.”" For parous
women, we estimated breast cancer risk by smoking initia-
tion in relation to first childbirth (after or <1 year before
first childbirth, 1-5 years before, >3 years before), com-
pared with parous never smokers overall and stratified by
the five racial/ethnic groups, adjusting for the applicable
covariates described above. We repeated these multivari-
able analyses with three categories of smoking exposure
(never, initiation at time of /after first birth, initiation be-
fore first birth). We then performed competing risk analy-
sis using cause-specific models for time to receptor status
breast cancer outcomes, with censoring at diagnosis for
any breast cancer cases with a receptor status other than
that being considered.’”* The receptor status outcomes
considered were ER+ and ER—, PR+ and PR—, and a com-
bination of positive and negative hormone receptor sta-
tuses as the outcomes. Cases with missing information on
both ER and PR status (7 =466) were excluded from these
analyses. In order to compare the parameters by tumour
receptor status, an augmented data approach as described
in Lunn and McNeil** was implemented that computes si-
multaneous models for breast cancer of each receptor sta-
tus type. Heterogeneity by tumour receptor status
categories is assessed by a Wald test comparing the interac-
tion between tumour receptor event type and smoking ex-
posure, using robust variance estimates.

The primary analysis used a complete case approach
which excluded women with missing data on any of the
covariates (n=12 577), leaving 67 313 women for the mul-
tivariable analyses. The analyses were also rerun using
multiple imputation models and five iterations, assuming
the missing data were missing completely at random, con-
ditional on age and ethnicity.?® The results of the complete
case (excluding altogether 28 824 women) and multiple
imputation models (excluding altogether 16 247 women)
were very similar. We present the complete case analysis in
the main tables and figure and in Supplementary Tables 1


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy290#supplementary-data

504

International Journal of Epidemiology, 2019, Vol. 48, No. 2

and 2, available as Supplementary data at IJE online. The
imputation results are available in Supplementary Tables
3-5, available as Supplementary data at IJE online.

We performed the analyses using SAS version 9.4 (SAS
Institute Inc., Cary, NC).

Results

During a mean follow-up of 16.7 years, we identified 4230
incident, invasive breast cancer cases with at least one tu-
mour hormone receptor type ascertained. Table 1 shows
that the age-adjusted incidence rates for breast cancer
ranged from 403 among Native Hawaiians to 217 per
100000 person-years (truncated to ages 45-85) among
Latinas. African Americans, Native Hawaiians and Whites
were more likely to be ever smokers than Japanese
Americans and Latinas (Table 1).

Table 2 shows that compared with never smokers, ever
smokers had a 9% higher breast cancer risk (95% CI:
1.02-1.16). The results did not suggest risk differences
across the five racial/ethnic groups for ever versus never
smokers (Pheerogeneiry = 0.65). We observed direct associa-
tions with breast cancer risk overall, for smoking duration
(Pirend < 0.001), number of cigarettes smoked daily
(Pirend = 0.004) and number of pack-years (Pyeng <0.001)
and an inverse association for age at smoking initiation
(Pirend < 0.001). When we restricted the analyses to parous
women, ever smokers who had smoked more than 5 years
before their first live childbirth had a higher risk of breast
cancer overall of 31% (95% CI: 1.14-1.51) compared
with never smokers. This higher risk was 51% (95% CI:
1.05-2.16) for African Americans, 66% (95% CI: 1.10-
2.50) for Native Hawaiians and 42% (95% CI: 1.13-1.78)
for Whites. Similar results were found for all five racial/
ethnic groups (Pheterogeneity = 0.15) (Table 2).

As shown in Supplementary Table 1, available as
Supplementary data at IJE online, the distribution of
tumours by receptor status was similar for ever smokers
compared with all cases and by racial/ethnic group. Native
Hawaiians were more likely to be diagnosed with ER+
and PR+ tumours, and less likely to be diagnosed with
ER- and PR- tumours. The opposite was true for African
Americans  (Supplementary Table 1, available as
Supplementary data at IJE online).

Table 3 shows that compared with never smokers, ever
smokers had an 8 or 9% higher breast cancer risk for all
four tumour subtypes, with corresponding Cls all including
the null value. We observed positive trends for higher
breast cancer risk with duration of smoking ER+
(Perend=0.01) and PR + (Pgenq = 0.02) tumours, for num-
ber of cigarettes per day for PR + (Pyenqg = 0.04) tumours,
and for pack-years for ER+ (Pyeng=0.013) and PR+

(Pirend = 0.01) tumours. Similarly, we found an inverse as-
sociation for age at smoking initiation and both ER+
(Perend < 0.001) and PR+ (Pyyeng < 0.001) tumours.

When we restricted the analyses to parous women,
women who initiated smoking >5 years before their first
childbirth had a higher risk for all four hormone receptor
categories: for ER+ tumours 37% (95% CI: 1.17, 1.61),
for ER-44% (95% CI: 1.02-2.04, Ppeterogeneity = 0.60), for
PR+ 33 % (95% CI: 1.11-1.59) and for PR= 60% (95%
CI: 1.23-2.08, Phecerogenciy = 0-95) (Table 3).

Supplementary Table 2, available as Supplementary
data at IJE online, shows that when we stratified according
to race/ethnicity and hormone receptor status, Whites who
had smoked >3 years before their first birth, had a higher
risk of similar magnitude for ER+ 51% (95% CI: 1.18-
1.94) and PR+ 52% (95% CI: 1.15-2.01) (Supplementary
Table 2, available as Supplementary data at IJE online).
The results did not suggest differences in the smoking and
breast cancer risk associations across the five race/ethnic
subgroups (Pheterogeneiry =0.27 for ER+, 0.32 for PR+,
0.33 for ER+/PR+ and 0.09 for ER+/PR~ tumours) for
smoking initiation before first childbirth among parous
ever smokers.

Figure 1 displays the association for ever compared
with never parous smokers by two categories of smoking
initiation (after or at the time of, and before first child-
birth), for all invasive cases and according to six (ER+,
ER-, PR+, PR—, ER+/PR+, ER—/PR-) hormone receptor
tumour categories overall and stratified by race/ethnic
groups. The figure shows that for those who started before
first live birth the association with breast cancer risk shows
similar patterns for both positive and negative hormone re-
ceptor tumours overall and when stratified by race/ethnic-
ity (Figure 1).

Discussion

In this prospective study with three additional years of inci-
dent breast cancer cases, we confirm our previous'® find-
ings showing that various measures of smoking exposure,
i.e. age at smoking initiation, smoking duration, number of
cigarettes/day, pack-years and smoking before first child-
birth, are associated with an elevated breast cancer risk for
all five racial/ethnic groups. Among parous women, the
magnitude of the higher breast cancer risk for those who
initiated smoking before first birth was very consistent
across racial/ethnic groups, except for Latinas for whom
no association was observed. Furthermore, we show that
these associations seem to be of similar magnitude by ER
and PR status.

Past cohort studies that included only Whites all found

17,20,21

a positive association with either active, or active
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Table 2. Continued

b

Pheremgenei(y

White

Latina (n=14371)

Japanese American
(n=19043)

Native Hawaiian

African American
(n=12776)

All women

Smoking exposure

(n=16837)

(n=4286)

(n=67313)

HR (95% CI) Cases HR (95% CI) Cases HR (95% CI) Cases HR (95% CI) Cases HR (95% CI) Cases HR (95% CI)

Cases

1.16 (0.91-1.47)
1.42 (1.13-1.78)

0.002

0.80 (0.46-1.39) 84
0.63 (0.33-1.19)

0.45

13
10

0.98 (0.73-1.31)
1.22 (0.93-1.60)
0.52

50
59

0.99 (0.65-1.51)
1.66 (1.10-2.50)

26
0.08

0.97 (0.66-1.42)
1.51 (1.05-2.16)

0.18

30
37

1.03 (0.89-1.19)
1.31 (1.14-1.51)

0.002

203

<S years before

105

31

242

>35 years before

0.15

Prrcnd

*Adjusted for age at cohort entry, race/ethnicity where applicable, body mass index, family history of breast cancer, age at first birth, number of children, age at menarche, age at and type of menopause, hormone replace-

ment therapy, alcohol intake and education.

PP for heterogeneity across race/ethnicity.

“Parous never smokers as reference group.

161819 ¢moking and breast cancer risk. A past

and passive
study in African Americans'® found a higher breast cancer
risk for both active and passive smoking, while a study in
Japanese'’ reported a higher risk for passive, but not for
active smoking. Also, the Sister cohort study conducted in
the USA and Puerto Rico reported a higher risk for passive,
but not active smoking.?”

In the MEC, four out of five tumours were hormone re-
ceptor positive, and the associations with smoking for this
type of tumour were more consistent than for those with
hormone receptor negative tumours, possibly because of the
smaller number of cases for the latter. In European
Prospective Investigation into Cancer and Nutrition
Cohort,'® we found the strongest association with smoking
for ER+/PR- breast tumours, as was reported in the USA**
and in Denmark.?’ In all of these three cohorts, the vast ma-
jority of breast cancer cases were also either ER or PR posi-
tive tumours.'®2%** In the present study, we used the same
categories of smoking exposure as in our recent report from
the Norwegian Woman and Cancer study.'® In that study,
we found associations between smoking before first birth,
and a higher breast cancer risk for both ER and PR positive
and negative tumours. Also, a Dutch study reported similar
associations for the smoking and breast cancer associations
for the different hormone receptor subtypes.”!

The two US studies,'*** as well as the previously men-
tioned pooled analysis,”® reported a smoking-related higher
breast cancer risk with ER+, but not with ER—, tumours. In
423,26 580% of the tumours were ER+,
like in the present study. The pooled analysis, including data

all three studies,

from 14 cohort studies, had over 36 000 invasive breast can-
cer cases, of which 5000 were ER-. Such a sample size
would have been sufficient to detect a modest higher risk
with smoking in ER-tumours. We may have lacked power
to detect a difference in association by ER status.

Our study has several major strengths. It focuses on the
smoking-related risk of breast cancer in a multi-ethnic pop-
ulation, in which close to 90% of tumours were classified
according to ER and PR status. In addition, all women
were postmenopausal, the majority was non-drinkers of al-
cohol and we were able to adjust for most established
breast cancer risk factors.

The main limitation of this study is that despite more
than 4000 incident postmenopausal breast cancer cases,
the numbers of cases were relatively small for important
subset analyses. The low proportion of ever smokers
among Latinas and Japanese Americans, the late age of
smoking initiation for African Americans, Japanese
Americans and Latinas, and the low proportion of women
who started to smoke before their first childbirth, particu-
larly among African Americans and Latinas, reduced the
power to examine these associations in more detail.
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Figure 1. Multivariable adjusted hazard ratios (HR) and 95% confidence intervals (Cl) for breast cancer among parous women according to timing of
smoking initiation in relation to first childbirth (never, at time of/after and before) by tumour receptor status and race/ethnicity, the Multiethnic

Cohort study, 1993-2013%"<.

2Adjusted for race/ethnicity where applicable, age at cohort entry, body mass index, family history of breast cancer, age at first childbirth, number of
children, age at menarche, age at and type of menopause, postmenopausal hormone therapy, alcohol intake, and education.
PParous women (n=58 119) and 5 racial/ethnic groups for all invasive breast cancer cases (n= 3 592), with at least one tumour receptor status.

°Parous never smokers as reference group.

Nevertheless, our study also displays strong positive associ-
ations for several of these subgroup analyses.

In a report from the Norwegian Women and Cancer
Study, with a similar follow-up time as in the present study,
we found that one in three deaths among middle-aged
Norwegian women was smoking related.>” Smokers in the
present study may have died from different smoking-related
causes, before they were diagnosed with breast cancer. The
reduction in life expectancy associated with smoking may
conceal or obscure the association between the different
measures of smoking exposure and breast cancer risk.

The association between active smoking and breast can-
cer risk became stronger when women exposed to passive
smoking were excluded from the reference group in six co-
hort studies.!*"¢'%1%2” Thus, our risk estimates may have
been attenuated since women exposed to passive smoking
could not be excluded from our reference group due to the
lack of information on this potential risk factor. Our main
findings suggest that the higher breast cancer risk related to
smoking is similar across racial/ethnic groups and for oestro-
gen and progesterone receptor status, indicating that breast
cancer is a smoking-related cancer. The previously cited

expert reports' have described the biological mechanisms
by which smoking may be a cause of breast cancer. All four
conclude that these mechanisms provide plausibility to the
causal nature of a smoking-breast cancer association.'™
The results of the present study, together with those from
other recent cohort studies, support the notion that women
who start smoking as teenagers and continue until they get
pregnant years later, are at a higher risk of breast cancer.
Public health agencies reviewing the smoking and breast
cancer data should reconsider the available evidence and up-
date their conclusions. Breast cancer prevention messages
should address smoking by adolescent and young women.

Supplementary data

Supplementary data are available at IJE online.
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