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ABSTRACT

Purpose To evaluate the association between lifetime personal cigarette smoking and young-
onset breast cancer (YOBC; diagnosed <50 years of age) risk overall and by breast cancer (BC)
subtype, and whether risk varies by race or socioeconomic position (SEP).

Methods Data are from the Young Women’s Health History Study (YWHHS), a population-
based case-control study of non-Hispanic Black (NHB) and White (NHW) women, ages 20-49
years (n=1,812 cases, n=1,381 controls) in the Los Angeles County and Metropolitan Detroit
Surveillance, Epidemiology, and End Results (SEER) registry areas, 2010-2015. Lifetime
personal cigarette smoking characteristics and YOBC risk by subtype were examined using
sample-weighted, multivariable-adjusted polytomous logistic regression.

Results YOBC risk associated with ever versus never smoking differed by subtype
(Prheterogenciy=0.01) with risk significantly increased for Luminal A (adjusted odds ratio [aOR] 1.34;
95% confidence interval [CI] 1.06-1.68) and HER2-type (aOR 1.97; 95% CI 1.23-3.16), and no
association with Luminal B or Triple Negative subtypes. Additionally, > 30 years since smoking
initiation (versus never) was statistically significantly associated with an increased risk of
Luminal A (aOR 1.55; 95% CI 1.07-2.26) and HER2-type YOBC (aOR 2.77; 95% CI 1.32-
5.79), but not other subtypes. Also, among parous women, smoking initiated before first full-
term pregnancy (versus never) was significantly associated with an increased risk of Luminal A
YOBC (aOR 1.45; 95% CI 1.11-1.89). We observed little evidence for interactions by race and

SEP.



Conclusion Findings confirm prior reports of a positive association between cigarette smoking
and Luminal A YOBC and identify a novel association between smoking and HER2-type

YOBC.

Keywords.' Breast neoplasms; cigarette smoking; young-onset breast cancer; pre-menopause;

molecular subtype; health status disparities.

Abbreviations: AMBER, African American Breast Cancer Epidemiology and Risk Consortium;
aOR, adjusted odds ratio; BC, breast cancer; BMI, body mass index; BWHS, Black Women’s
Health Study; CI, confidence interval; CPD, cigarettes per day; Detroit, Metropolitan Detroit;
ER, estrogen receptor; FFTP, first full-term pregnancy; FPL, federal poverty level; HER2,
human epidermal growth factor receptor 2; het, heterogeneity; HHP, household poverty level;
HR, hormone receptor; int, interaction; IRB, institutional review board; kg/m?, kilograms per
meters squared; LA, Los Angeles County; NHB, non-Hispanic Black; NHS, Nurses’ Health
Study; NHW, non-Hispanic White; PR, progesterone receptor; SEP, socioeconomic position;
SEER, Surveillance, Epidemiology, and End Results; TNBC, triple negative breast cancer; US,
United States; UWM, University of Wisconsin—Milwaukee; YOBC, young-onset breast cancer;

YWHHS, Young Women’s Health History Study; (-), negative; (+), positive.



INTRODUCTION

Breast cancer (BC) is the most commonly diagnosed cancer among young women (<50
years) with an annual incidence in the United States (US) of 73.2 per 100,000 persons and a five-
year average annual percent increase among young women of 0.5% per year from 2011-2015
[1,2]. Breast cancer etiology differs by molecular subtypes that are categorized by estrogen
receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER?2)
status, and tumor grade [3]. Some evidence suggests lifetime personal cigarette smoking is
associated with an increased risk of both pre- and post-menopausal BC [4-8], but it is unclear
whether the association differs by tumor subtype, particularly among young women.

Racial and socioeconomic disparities in BC incidence also persist in the US [2,9-14].
Among young women (<50years of age), non-Hispanic White (NHW) women have the highest
incidence of Luminal A BC, the subtype associated with the highest survival, with an annual
incidence of 44.3 per 100,000 compared to 35.8 among non-Hispanic Black [NHB] women in
2011-2013 [15]. Conversely, young NHB women have the highest incidence of TNBC, which
has the poorest prognosis, with an annual incidence of 17.5 per 100,000 compared to 9.3 among
NHW women in 2011-2013 [15]. Research has also shown that increased socioeconomic
position (SEP) is associated with increased risk for hormone receptor positive (HR+) BC with
the inverse potentially true for the more aggressive HR- BC subtypes [16,17]. Little research has
evaluated whether associations between lifetime personal cigarette smoking and BC risk, overall
and by tumor subtypes, vary by race or SEP.

In studies of younger women, the association between personal cigarette smoking and BC
risk was not observed in several early studies [18-21], whereas several recent studies observed an

association [4,5,7,8,22]. In the Nurses’ Health Study (NHS), current (versus never) cigarette



smoking was not associated with BC risk among young women, but smoking for 20+ years was
associated with an increased risk of ER+ BC [22]. The Black Women’s Health Study (BWHS)
and African American Breast Cancer Epidemiology and Risk Consortium (AMBER) evaluated
these associations among young black women in the US [7,23]. BWHS observed a 70% increase
in premenopausal BC risk among women who initiated smoking before age 18 and smoked at
least 20 pack-years compared to those who never smoked [7]. Conversely, the AMBER study
observed a 20% decreased BC risk among premenopausal women who currently smoked with no
differences in risk by ER status [23]. These studies did not examine BC risk associated with
personal cigarette smoking by race or SEP among young women, as we are able to in the current
analysis with our racially and socioeconomically diverse study population [6,7,24,25].

Thus, in this study we investigated the hypothesis that lifetime personal cigarette
smoking is associated with an increased risk of young-onset BC (YOBC; diagnosed before age
50 years) and that tumor subtype differences may exist in a socioeconomically diverse
population-based study of young NHB and NHW women. We further examined whether

smoking-related YOBC risk is modified by race or SEP.

METHODS
Study population of cases and controls

Data are from a population-based case-control study of YOBC, the Young Women’s
Health History Study (YWHHS). A detailed description of the study was previously published
[26]. Briefly, eligible participants included US-born residents of Los Angeles County (LA) or the
tri-county (Oakland, Wayne and Macomb Counties) Metropolitan Detroit area (Detroit) who

self-identified as female, NHB or NHW and were 20-49 years of age at the reference date. The



reference date refers to the date of histologically confirmed BC diagnosis for cases and the date
four months before the screening interview for controls.

Cases were identified from rapid case ascertainment protocols, which identify cases
diagnosed within 3-6 months of diagnosis via pathology report screening methods [27], as
provided by the LA and Detroit Surveillance, Epidemiology, and End Results (SEER) registries.
Women diagnosed with histologically confirmed incident, invasive, primary BC between 2010-
2015 and who met the demographic criteria were eligible. In total, 1,812 women with invasive
YOBC (n=1,130 NHW, n=682 NHB) completed an in-person interview (response rate 60%)
[26].

Area-based controls were sampled from postal addresses based on the 2010 US Census
and were frequency matched to cases on race, study region, and five-year age group; >24,000
households were identified and contacted through three-stage sampling [26]. In total, 1,381
control women (n=716 NHW, n=665 NHB) completed the study interview (response rate 53%)
[26].

Overall, response rates were higher for NHB women than NHW women and for women
in LA versus Detroit but did not differ significantly by age [26]. All analyses utilized sample
weights, which account for the sampling design and adjust for non-response; for control-only
analyses, results were weighted to their populations based on the 2010 US Census [26].

Institutional review boards (IRB) at the University of Wisconsin—Milwaukee (UWM),
Michigan State University, the University of Southern California, the California Committee for
the Protection of Human Subjects, Wayne State University, the Karmanos Cancer Center, and

the Michigan Department of Community Health approved the study. The study was also



approved by the California Cancer Registry. The Medical College of Wisconsin IRB deferred to

the UWM IRB. Informed consent was obtained from all participants.

Tumor subtyping

Tumor subtypes were derived from pathology information provided to SEER registries
on HR status (ER/PR), HER?2 status, and tumor grade. Molecular subtypes were categorized as
Luminal A (ER/PR+, HER2-, grade 1/2), Luminal B (ER/PR+, HER2+, any grade or ER/PR+,

HER2-, grade 3+), HER2-type (ER-, PR-, HER2+), and TNBC (ER-, PR-, HER2-) [3,28].

Smoking exposure variables

Exposure and covariate information was ascertained from in-person interviews. Lifetime
personal cigarette smoking histories were obtained from questions about cigarette smoking
status, average number of cigarettes smoked per day (CPD), periods of smoking cessation, and
age at initiation. Smoking exposure definitions were based on the distribution of smoking among
control participants or guided by categories used in the existing literature to allow comparison
across studies [6,7,23,29,30]. Ever smoking was defined as having ever smoked > 1 cigarette a
day for > 6 months. Personal smoking status was described as formerly smoked and currently
smoke. Participants who reported smoking cessation < 1 year before the study reference date
were designated as currently smoke (n=73). Time since quitting was defined among women who
formerly smoked as >1 but <10 years since quitting, and > 10 years before reference date. Cut
point of 10 years was chosen based on the median value among controls. We categorized the
average number of lifetime CPD as <5, 5-19, > 20 CPD. Lifetime smoking intensity in pack-

years was calculated by dividing CPD by 20 cigarettes/pack and multiplied by years of smoking



history and then categorized as <5, 5-19, > 20 pack-years. We categorized age at smoking
initiation as <18, 18-24, > 25 years and time since smoking initiated as <20, 20-29, > 30 years.
Lastly, we evaluated the timing of smoking initiation in relation to first full-term pregnancy
(FFTP) among parous women and categorized it as initiated after FFTP, initiated before FFTP.

Each smoking exposure used a reference category of “never smoked.”

Covariates

Covariates included sociodemographic characteristics and potential BC risk factors.
Sociodemographic characteristics included age at reference date (20-29, 30-39, 40-49 years),
residence in LA/Detroit, race/ethnicity (NHW, NHB), highest attained education (high school
diploma or less; vocational school, associate’s degree, or some college; bachelor’s degree or
higher), and SEP assessed by household percent poverty (HHP) in the 12 months before
reference date. HHP of the federal poverty level (FPL) was calculated from self-reported gross
income 12 months before reference date and the number of household members supported by
that income and categorized as > 200% of FPL, <200% of FPL [31,32]. Potential BC risk factors
included first-degree family history of BC (no, yes, unknown), age at menarche ( < 11, 12, 13,
> 14 years), lifetime cumulative alcohol use (0 — Abstainers, 0.1-6.9, 7-13.9, 14-27.9, > 28
grams/day), body mass index (BMI; underweight, normal, overweight, obese; calculated from
weight 12 months before reference date in kilograms/height in meters squared [kg/m?]),
menopausal status (premenopausal, peri-/post-menopausal), and combined parity and age at
FFTP (nulliparous, 1-2 children and <25 years, 1-2 children and > 25, 3+ children and <25

years, 3+ children and > 25) [28,33,34].



A summary of the demographic characteristics of the YWHHS participants by case-
control status has been previously published [26]. In evaluating potential covariates to include in
analyses, we also evaluated their potential association with BC status and the following
covariates were associated with BC status (p<0.05): HHP, BMI within 12 months of reference
date, joint parity/age at FFTP, first-degree family history of BC, and cumulative lifetime alcohol

use [26].

Statistical analysis

Distributions of participant sociodemographic characteristics and BC risk factors with
personal cigarette smoking status were reported as percentages or means with statistical
comparisons evaluated by chi-square tests for categorical variables and the Wald tests for
continuous variables [35]. The relative risk of YOBC, overall and by BC subtype, was estimated
by the odds ratio in crude and multivariable-adjusted models [36]. Multivariable logistic
regression was used to estimate adjusted odds ratios (aOR) and 95% confidence intervals (CI) for
the association between lifetime personal cigarette smoking characteristics and YOBC risk
overall and with polytomous logistic regression for associations by BC subtype.

Multivariable models were adjusted for study site, age, HHP, family history of BC, BMI,
alcohol use, joint parity/age at FFTP, and menopausal status based on assessments for
confounding (15% change in OR) with ever smoking status and overall BC status or based on
prior evidence of an association with BC. The Wald test was employed to assess heterogeneity in
the OR estimates by BC subtypes. Analyses were also stratified by race (NHB and NHW) and
SEP (HHP > 200% and <200% of FPL); cross-product interaction terms of smoking exposures

by each stratum (by race and by SEP, separately) were evaluated by the Wald test.

10



Smoking status was missing for 18 participants (14 cases and 4 controls) who were
excluded from all analyses. Tumor subtype information was missing for 130 case participants
who were excluded from subtype analyses. For each covariate in multivariable models, values
were imputed for missing data [26] except first-degree family history of BC, where values for
missing and “don’t know” were combined as “unknown” (n=38).

In sensitivity analyses, we assessed two alternative models that would evaluate the effect
of BMI on the association between ever smoking and personal smoking status with YOBC risk.
Since BMI may mediate the association between smoking and YOBC [37], we conducted
analysis with and without adjustment for BMI, and also evaluated the association between ever
smoking and YOBC risk stratified by BMI (<25 and > 25 kg/m?).

All tests for significance were two-sided. We utilized sample weights to conduct
weighted analyses in all assessments. Statistical interactions were assessed at a significance level
of P<0.10 and all other tests at P<0.05 [38]. Analyses were conducted using Stata version 15.1

(StataCorp LLC, College Station, TX).

RESULTS

The demographic characteristics of never, formerly, and current smoking among controls
(n=1,381) are presented in Table 1. Among the sociodemographic variables, study region, age at
reference year, race, HHP and education were significantly associated with smoking status
(p<0.05). Women from LA County, younger participants (20-29 years), NHB, those with higher
SEP (HHP > 200% of FPL), and women with a bachelor’s degree or higher had a higher
proportion of never smoking compared to their respective counterparts. Among potential

confounders, those who were premenopausal, abstained from alcohol use or were light drinkers
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had higher proportions of never smoking. Nulliparous participants and those with parity of 3+
and age FFTP > 25 years were more likely to have never smoked compared to others.

Table 2 presents a summary of cigarette smoking characteristics for controls (n=1,377),
all cases (n=1,798), and cases by BC subtype (n=1,670). Age at smoking initiation was
significantly associated with BC status (P=0.04); compared to controls, a higher proportion of
cases had initiated smoking at ages under 18 years or at ages > 25 years (22.5% vs. 20.2% and
4.1% vs. 2.7%, respectively). Smoking differed significantly by BC subtype for multiple
smoking characteristics: personal smoking status, age at smoking initiation, time since smoking
initiated, and smoking initiation in relation to FFTP (P < 0.01 for each). The highest proportions
of elevated (or long-term) smoking exposure were consistently observed among cases with
HER2-type YOBC.

In multivariable adjusted models, we observed a positive, significant association between
ever vs. never smoking and overall YOBC risk (aOR 1.20; 95% CI 1.00-1.44) (Table 3), and also
found significant heterogeneity in the association between ever smoking and YOBC risk by BC
subtype (Pheterogenciy=0.01). For ever smoking compared to never smoking, we observed a
significantly increased risk of Luminal A YOBC (aOR 1.34; 95% CI 1.06-1.68) and HER2-type
YOBC (aOR 1.97; 95% CI 1.23-3.16), but no associations with Luminal B (aOR 1.04; 95% CI
0.78-1.39) or TNBC subtypes (aOR 0.92; 95% CI 0.68-1.25). When ever smoking was broken
down by current and former status, current smoking remained statistically significantly
associated with Luminal A subtype (aOR 1.36; 95% CI 1.02-1.81), while former smoking did not
reach statistical significance (aOR 1.33; 95% CI 0.98-1.71). For HER2-type YOBC, the

association with former smoking remained statistically significant (aOR 2.41; 95% CI 1.45-
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4.01), while current smoking was of similar magnitude as the Luminal A subtype, however, did
not reach statistical significance (aOR 1.58; 95% CI 0.84-2.99).

Risk of HER2-type YOBC increased with each increasing category of lifetime CPD and
pack-years of smoking. Older age at smoking initiation ( > 25 years vs. never smoked) was
associated with about a two-fold increased risk for overall YOBC (aOR 1.91; 95% CI 1.24-2.96),
for Luminal A (aOR 2.25; 95% CI 1.32-3.84), and for TN YOBC (aOR 1.94; 95% CI 1.03-3.64)
(Table 3). A young age at smoking initiation (<18 years vs. never smoked) was positively
associated with risk of HER2-type YOBC (aOR 2.36; 95% CI 1.36-4.09). For time since
smoking was initiated, risk of Luminal A YOBC consistently increased with increasing time. For
HER?2 type, the increase was significant for those who initiated <20 years ago and those who
initiated > 30 years ago. Among women who initiated smoking before their FFTP, compared to
never smoking, there was a significant increase in risk for YOBC overall (aOR 1.25; 95% CI
1.02-1.54), for Luminal A subtype (aOR 1.45;95% CI 1.11-1.89) and an increased, however not
reaching statistical significance association for HER2 subtype (aOR 1.79; 95% CI 0.99-3.25).

In models stratified by race, ever (vs. never) smoking was associated with increased
overall YOBC risk in NHW women (aOR 1.39; 95% CI 1.06-1.82), but not in NHB women
(aOR 0.96; 95% CI 0.70-1.31) (Table 4). Among NHW women, a significantly increased overall
YOBC risk was observed for both, former smoking (aOR 1.40; 95% CI 1.02-1.93), and current
smoking (aOR 1.38; 95% CI 1.0-1. 90). Among NHW women, an increased risk was also
observed for initiating smoking before age 18 years (aOR 1.60; 95% CI 1.18-2.17), for time
since smoking was initiated for > 30 years (aOR 1.78; 95% CI 1.18-2.70), and for smoking
initiated before first full term pregnancy (aOR 1.47; 95% CI 1.08-2.00). There was no evidence

for statistical interactions of the above associations by race (Piyeracion>0.17 for each). On the other
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hand, we did observe a possible interaction of lifetime smoking pack-years with overall YOBC
risk by race (Pineracion=0.09). Lifetime smoking pack-years (compared to never smoking) was
associated with an increased risk of overall YOBC among NHW women, which reached
statistical significance only for the 5-19 lifetime pack years, (aOR 1.72; 95% CI 1.18-2.17). Such
pattern was not observed for NHB women — though risk was nonsignificantly increased in NHB
women who smoked > 20 pack-years (aOR 1.44; 95% CI 0.73-2.84).

In models stratified by SEP (HHP > 200% and <200% of FPL) we observed a possible
interaction in personal smoking status (current, former vs. never) and overall YOBC risk
(Pinteraction=0.07) (Table 4). Among women with lower SEP (HHP <200% FPL), risk of overall
YOBC was increased for women that had formerly vs. never smoked (aOR 1.80; 95 % CI 1.08-
3.01). Conversely, within the group with higher SEP (HHP > 200% FPL), comparing current vs.
never smoked, we observed an increased risk of overall YOBC (aOR 1.46; 95% CI 1.01-2.12).

In our additional analyses stratified by adult BMI, the highest risk of HER2-type YOBC
was observed among women who ever (versus never) smoked with a BMI <25 kg/m? (aOR 2.20;
95% CI 1.15-4.22). In sensitivity analyses, aORs were little changed and almost all were slightly

lower in models without adjusting for BMI (data not shown).

DISCUSSION

In this large population-based study of YOBC, we found that various aspects of personal
cigarette smoking, including ever smoking, increased intensity of smoking (CPD), increased
pack-years of smoking, and longer duration since smoking initiated and before FFTP, were
associated with an increased risk for YOBC overall, Luminal A and HER2-type YOBC. Ever vs.

never smoking was associated with 34% increased odds of Luminal A BC and 97% increased

14



odds of HER2-type BC. We also observed little evidence for interactions by race and SEP,
however, ever (versus never) smoking was significantly associated with an increased risk of
overall YOBC among NHW, but not among NHB women — potentially because of the low
prevalence of smoking among NHB women. Also, some differences in the association between
smoking and YOBC risk by SEP were observed where risk associated with formerly (versus
never) smoking was significant only for poorer (HHP <200% FPL) women and risk associated
with currently smoking was significant only for wealthier (HHP > 200% FPL) women.
Previous studies have evaluated the association between smoking and BC risk by subtype
among women of all ages, and many, as we did, have identified a positive association between
smoking and risk of Luminal A or HR+ BC [6,22,23,39-44]. Risk for BC in relation to several
risk factors has been shown to vary by age or menopausal status, and given the different
hormonal milieu, may also vary for smoking status [45-47]. Few studies with information on
tumor subtypes have reported associations between personal cigarette smoking and BC risk
among younger or premenopausal women [22,23,42.43]. Our finding of a 45% increased odds
for Luminal A BC (all ER+ tumors) associated with smoking prior to FFTP was consistent with
a similar study in the Seattle area of young women (<45 years of age) that reported a 40%
increased odds of ER+ BC with smoking initiated before FFTP [42]. Similar to the Seattle study,
we did not observe a consistently increasing risk with increasing lifetime-pack-years for overall
BC risk, although we did observe increased risk for the category of 5-19 pack years for overall
and Luminal A YOBC [42]. We also observed increased risk for lifetime pack-years of <5 and
>20 for HER2 type BC. The Seattle study did not include assessment of HER2-type YOBC.
Findings in our study are also consistent with two case-control studies comparing smoking to

never smoking that observed about a 30%-170% increased odds of YOBC [42,43].
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Our observation that ever smoking was associated with a 97% higher odds of HER2-type
YOBC is novel. Three previous BC studies have evaluated personal cigarette smoking and risk
of HER2-subtype, and none reported a positive association between smoking and HER2-subtype
in any age group [48-50]. Two of these other studies, however, were case-only studies
comparing risk in HER2 type to Luminal A or ER+ BC and we observed that both groups were
at increased risk relative to our controls unaffected by BC. Also, the other study was a case-
control study of only women ages 50-69 years and risk may differ with our population of only
women <50 years of age. Inclusion of HER2-type BC in population-based epidemiologic studies
is still a relatively new and evolving field as HER2 protein expression was often underreported in
the pathology reports of cases diagnosed before 2005 and routine reporting of HER2 status was
not available in SEER cancer registries until 2010 [2,51].

Our finding of a significant positive association between former smoking and HER2-type
YOBC risk was unexpected but may be explicable through BMI’s known association with
smoking [52,53]. Smoking is associated with lower BMI and studies have shown that HER2-type
YOBC may be more common among women with normal vs. obese BMI [54]. Within our
subgroup analysis, ever smoking was associated with the highest risk for HER2-type YOBC
among women with a BMI <25 kg/m?. The association between smoking and HER2-type YOBC
risk warrants further evaluation with consideration of lower BMI as a possible explanation for
the association. As more studies have information on HER2-type BC status these hypotheses can
be investigated further.

We did not observe strong evidence of a statistical interaction for several smoking
characteristics by race or SEP. Many of the characteristics had a trend for increased risk among

NHW, but not NHB participants. Higher rates of smoking among NHW women, and its
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association with Luminal A BC may be contributing to this observation of an association of
smoking only among NHW women [15,55,56]. We also observed a suggested difference in
personal smoking status (former, current vs. never) by SEP where for most characteristics the
magnitude of the association was higher among women with a higher SEP (HHP > 200% FPL),
although a significant statistical interaction was not observed. Given sample size and the lower
prevalence of smoking, particularly among NHB women, we may have been underpowered to
detect significant associations in each subgroup of stratified analyses.

The public health significance of smoking is well established, but evidence for an
association between smoking and BC in young women is still developing [57,58]. Heavy
smoking is associated with increased androgen levels among premenopausal and postmenopausal
women and with increased estradiol levels among postmenopausal women [45,46]. One primary
proposed biologic pathway for smoking to affect BC carcinogenesis is through impaired
hormone receptor binding [57]. Since ER+ and PR+ BC subtypes are hormone dependent, there
may be factors affecting hormone levels or receptor binding at play [47,57,59]. A second
potential mechanism is via the formation of deoxyribonucleic acid (DNA) adducts, which may
contribute to unregulated cell growth or carcinogenic proliferation [57]. The increased risk of
HER2-type BC associated with personal cigarette smoking may involve the formation of
smoking-related DNA adducts that contribute to the mutation and over-expression of the HER2
protein, leading to impaired tumor suppression and carcinogenesis [57]. Previous studies, such as
the Long Island Breast Cancer Study, identified a positive association between smoking and
DNA adduct formation in normal breast tissues [60]. A Spanish follow-up study found a 60%
increased risk of BC with increasing DNA adduct concentration in white blood cells (relative

risk [RR] 1.61; 95% CI 1.29-2.01) [61]. Additionally, these investigators also detected a
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significant interaction with smoking such that the RR associated with an effect of DNA adducts
on BC risk among former and current smokers compared to never smokers were 2.89 (95% CI
1.42-5.86) and 2.19 (95% CI 1.22-3.93), respectively [61]. ER status was evaluated in this
Spanish study, but HER?2 status was not considered [61]. Except for smoking initiation after
FFTP, we observed suggestive and statistically significant positive associations between various
indicators of smoking exposure with HER2-type BC ranging from aORs of about 1.40 to 3.40.
Additional studies are needed with an evaluation of the association between DNA adduct
concentration and BC risk among populations that include women with YOBC and with
assessments by subtype, including HER2-type BC.

This study had many strengths. Bias in assessing cancer diagnoses was minimized by
using the population-based SEER registry for case ascertainment and for BC subtyping.
Additionally, the area-based sampling approach utilized to identify and recruit a population-
based sample of controls reduces risk of selection bias, particularly given that sample weights
were applied to account for sampling and nonresponse bias. The study included a large
population-based sample of NHB women who were underrepresented in previous studies and
was able to evaluate risk by SEP. Also, only one other study has explored the association
between smoking and HER2-type BC subtype in young women — and the study was a case-only
analysis [49].

Limitations include concerns about differential misclassification of exposures that may
occur in a case-control study based on self-reported recall. However, in-home interviews
conducted with life history calendar memory prompts and interviewer quality control measures

were applied equally to cases and controls to prompt memory and minimize recall bias [26].
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Also, participants who had quit smoking < 1 year of the reference date were captured as
currently smoking to minimize differential misclassification of smoking potentially associated
with health concerns related to a subsequent diagnosis of YOBC. Another limitation is a lack of
information on other combustible tobacco products and e-cigarette use, which could
underestimate the true association. We do not expect this to have meaningfully impacted our
results, however, because of the low prevalence of other combustible tobacco products and e-
cigarette use reported in national surveys conducted in similar time periods; in 2009-2010, 3.1%
of women ages 18+ years used cigar, cigarillo, or small cigars [62], and in 2013-2014, only 1.5%
of women ages 18-44 years used e-cigarettes exclusively and 6.1% used both e-cigarette and
cigarettes [63]. Last, as in all observational studies, unmeasured confounding may contribute to
observed findings, but all known BC risk factors were adjusted for in analyses [64].

Another potential limitation could be that multiple models were used to examine
associations of interest based on a priori hypotheses related to risk of BC by subtype, race, and
SEP, which contributed to small cell counts; this stratification, particularly given a lower
prevalence of smoking exposures, may have reduced the power to detect an association [65]. For
example, despite the large sample of NHB women included in this study, given the prevalence of
smoking is lower among NHB, in models stratified by race we had reduced power to observe a
significant effect. Still the consistency of the results is suggestive of an association that warrants
further evaluation in larger studies or in populations with a higher prevalence of lifetime
cigarette smoking. These findings may also not be generalizable to women living outside of LA
County and Metropolitan Detroit (Oakland, Wayne and Macomb counties), however both

regions include populations residing in urban, suburban and rural areas that are likely to be
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representative of other regions in the US [66]. Last, as in all observational studies, unmeasured
confounding may contribute to some bias in the results [64].

Our results indicate several characteristics of personal cigarette smoking were associated
with an increased risk for YOBC. Further research to confirm these findings and to understand
potential biological mechanisms for an increased risk of smoking and Luminal A and HER2-type
YOBC s is warranted. Our results suggest that as new combustible tobacco products are
developed, particularly targeted to younger populations, future studies are strongly needed to
investigate associations between the use of these tobacco products and YOBC risk. In sum, based
on these findings and consistent with other studies, efforts to prevent smoking initiation and
encourage smoking cessation early in life are necessary to reduce the risk of adverse health

outcomes, including YOBC.
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Table 1. Characteristics of the control participants in the Young Women’s Health History Study

by personal cigarette smoking status (n=1,381), 2010-2015*

Total Population Never Smoked Formerly Smoked Currently Smoke | P-value®
N (W%) N (W%) N (W%) N (W%)

Total 1377 (100%)° 898 (67.8%) 171 (11.5%) 308 (20.8%)

Study Site <0.001
Metropolitan Detroit 715 (59.4) 432 (61.9) 94 (12.6) 189 (25.5)

Los Angeles County 662 (40.6) 466 (76.4) 77 (9.8) 119 (13.8)

Age at reference year, years

(weighted mean (weighted 95% CI)) 34.3 (33.2-35.4) 33.5(32.1-34.8) 37.6 (35.3-39.9) 35.3 (34.0-36.6) 0.002

Age at reference year, years 0.01
20-29 246 (36.6) 184 (76.3) 8(5.2) 54 (18.5)

30-39 481 (30.1) 309 (63.5) 63 (14.2) 109 (22.3)
40-49 650 (33.3) 405 (62.2) 100 (16.0) 145 (21.8)

Race <0.001
Non-Hispanic White 714 (65.5) 436 (65.2) 131 (15.0) 147 (19.8)

Non-Hispanic Black 663 (34.5) 462 (72.5) 40 (4.9) 161 (22.6)

Household poverty level <0.001
> 200% of federal poverty level 719 (54.3) 507 (73.7) 119 (13.9) 93 (12.4)
<200% of federal poverty level 616 (42.8) 367 (60.0) 49 (8.9) 200 (31.1)

Missing 42 (2.9) 24 (70.2) 3(4.9) 15 (24.9)

Education <0.001
High school diploma or less 291 (17.9) 167 (57.6) 25(9.5) 99 (32.9)

Vocational school, associate
degree, or some college 559 (42.9) 335 (62.6) 72 (12.0) 152 (25.4)
Bachelor's degree or higher 527 (39.2) 396 (78.0) 74 (11.8) 57 (10.2)

Body mass index, kg/m? 0.59
Underweight: <18.5 38 (4.5) 22 (69.7) 3(3.0) 13(27.2)

Normal: 18.5-24.9 491 (39.2) 319 (71.0) 69 (11.0) 103 (18.0)
Overweight: 25-29.9 380 (28.0) 251 (65.0) 39 (12.5) 90 (22.5)
Obese: > 30 468 (28.3) 306 (65.7) 60 (12.4) 102 (21.8)

Age at menarche 0.11

<11 400 (30.6) 266 (68.9) 42 (7.3) 92 (23.8)
12 424 (31.8) 263 (64.9) 57 (14.6) 104 (20.6)
13 303 (21.6) 196 (67.2) 39 (11.0) 68 (21.8)

> 14 250 (16.0) 173 (72.0) 33 (14.2) 44 (13.9)

Menopausal status 0.001
Premenopausal 1,222 (92.2) 815 (69.0) 154 (11.4) 253 (19.6)
Peri-/Post-menopausal 155 (7.8) 83 (53.6) 17 (12.4) 55 (34.0)

Joint parity & age (in years) at first

full-term pregnancy status <0.001

Nulliparous 402 (39.2) 277 (75.4) 46 (9.5) 79 (15.1)
1-2, <25 298 (19.4) 181 (61.4) 28 (7.6) 89 (31.0)
1-2, 225 320 (21.3) 224 (67.0) 52 (17.5) 44 (15.5)
3+, <25 272 (15.1) 151 (53.6) 29 (11.2) 92 (35.3)
3+, 225 85 (4.9) 65 (78.5) 16 (18.1) 4 (3.3)

History of breast cancer among first-

degree relative 0.18
No 1,195 (88.3) 788 (69.0) 150 (11.5) 257 (19.5)

Yes 116 (7.5) 74 (60.0) 12 (11.8) 30 (28.3)
Unknown 66 (4.2) 36 (55.9) 9(11.3) 21 (32.8)

Lifetime alcohol use status, g/day <0.001
0 (Abstainers) 429 (29.3) 344 (81.6) 28 (4.6) 57 (13.9)
0.1-6.9 414 (31.5) 290 (71.1) 56 (11.4) 68 (17.5)

7-13.9 221 (15.7) 133 (65.9) 31 (13.1) 57 (21.0)
14-27.9 190 (14.6) 97 (58.7) 37 (16.1) 56 (25.2)
> 28 123 (8.9) 34 (28.6) 19 (24.5) 70 (47.0)

Abbreviations: CI, confidence interval; g, grams; kg, kilograms; m, meter; W, sample-weighted.




* n=4 participants missing smoking status are not included. All values are absolute frequencies and sample-weighted row
percentages unless otherwise specified.

" Estimated for 3-category personal smoking status (never, formerly, currently smoke). Missing categories are not included in chi-
square p-value estimates.

¢ Absolute frequencies and sample-weighted column percentages are presented for the total population.
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Table 2. Cigarette smoking characteristics of women in the Young Women’s Health History Study by breast cancer status and subtype

(n=3,193)*
Breast Cancer Status P-value Breast Cancer Subtype® P-value
Control Case Luminal A Luminal B HER2-type TNBC
N (W%) N (W%) N (W%) N (W%) N (W%) N (W%)
Total 1,377 (50.1%) | 1,798 (49.9%) 691 (21.1%) 564 (15.3%) 104 (2.6%) 311 (7.5%)
Ever smoking status 0.56 0.01
Never smoked 898 (63.4) 1,149 (62.2) 429 (60.4) 379 (65.8) 52 (46.4) 210 (65.9)
Ever smoked 479 (36.6) 649 (37.8) 262 (39.6) 185 (34.2) 52 (53.6) 101 (34.1)
Personal smoking status 0.14¢ 0.01¢
Never smoked 898 (63.4) 1,149 (62.2) 429 (60.4) 379 (65.8) 52 (46.4) 210 (65.9)
Formerly smoked 171 (15.3) 299 (18.3) 118 (19.1) 93 (17.4) 27 (27.4) 37 (13.4)
> 10 years since quitting® 95 (10.2) 181 (11.7) 79 (13.1) 52 (10.6) 13 (14.7) 21 (7.7)
<10 years since quitting® 76 (5.0) 116 (6.5) 39 (6.0) 40 (6.7) 14 (12.7) 15(5.3)
Currently smoke 308 (21.3) 350 (19.6) 144 (20.5) 92 (16.8) 25 (26.2) 64 (20.7)
Average number of cigarettes per day 0.90 0.06
Never smoked 898 (63.4) 1,149 (62.2) 429 (60.4) 379 (65.8) 52 (46.4) 210 (65.9)
<5 125 (8.1) 161 (9.0) 58 (8.7) 53(9.3) 9(9.3) 26 (8.1)
5-19 236 (17.4) 301 (17.4) 128 (19.4) 87 (16.2) 24 (21.8) 39 (13.2)
>20 118 (11.1) 184 (11.3) 76 (11.5) 44 (8.5) 18 (21.3) 35(12.4)
Missing 0 (0) 3(0.2) 0 (0) 1(0.1) 1(1.2) 1(0.4)
Lifetime smoking pack-years 0.60 0.07
Never smoked 898 (63.4) 1,149 (62.2) 429 (60.4) 379 (65.8) 52 (46.4) 210 (65.9)
<5 226 (13.8) 250 (14.3) 92 (14.2) 81 (15.0) 18 (18.0) 37 (11.5)
5-19 186 (14.7) 286 (16.2) 123 (17.9) 80 (13.9) 21(20.4) 40 (13.5)
>20 67 (8.1) 107 (7.0) 47 (7.5) 21 (4.8) 12 (14.0) 22 (8.4)
Missing 0(0) 6 (0.3) 0 (0) 3(04) 1(1.2) 2 (0.7)
Age smoking initiated, years 0.04 0.009
Never smoked 898 (63.4) 1,149 (62.2) 429 (60.4) 379 (65.8) 52 (46.4) 210 (65.9)
<18 233 (20.2) 370 (22.5) 154 (24.0) 102 (19.9) 33 (34.9) 56 (19.4)
18-24 207 (13.7) 204 (11.1) 81 (11.2) 62 (10.9) 14 (14.7) 29 (9.7)
>25 39 (2.7) 74 (4.1) 27 (4.4) 20(3.2) 5(4.0) 16 (5.0)
Missing 0 (0) 1 (0.05) 0 (0) 1(0.2) 0 (0) 0 (0)
Time since smoking initiated, years 0.58 0.003
Never smoked 898 (63.4) 1,149 (62.2) 429 (60.4) 379 (65.8) 52 (46.4) 210 (65.9)
<20 201 (6.9) 152 (7.1) 47(5.3) 47(7.2) 12 (10.3) 33 (10.1)
20-29 187 (18.2) 328 (17.4) 139 (19.0) 101 (16.9) 21(20.4) 43 (13.4)
>30 91 (11.5) 168 (13.3) 76 (15.3) 36 (9.9) 19 (23.0) 25 (10.6)
Missing 0 (0) 1 (0.05) 0 (0) 1(0.2) 0 (0) 0 (0)
Smoking initiation timing - FFTP* 0.05 0.008
Never smoked 621 (63.9) 837 (62.5) 315 (60.0) 258 (65.4) 42 (49.5) 158 (68.8)
After FFTP 94 (7.0) 73 (4.8) 26 (4.1) 21(5.1) 4(5.1) 14 (5.6)
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Before FFTP
Missing

259 (29.0) 394 (32.6) 170 (35.8) 108 (29.6) 33 (45.4) 52 (25.1)
1(0.1) 2 (0.1) 0 (0) 0 (0) 0(0) 1(0.4)

Abbreviations: FFTP, first full-term pregnancy; HER2, human epidermal growth factor receptor 2; TNBC, triple negative breast cancer; W, sample-weighted.

* n=18 participants (14 cases and 4 controls) missing smoking status are not included. All values are absolute frequencies and sample-weighted column percentages.
" n=128 cases missing breast cancer subtype not included in analyses by breast cancer subtype:

¢ Among n=543 participants who formerly smoked; time since smoking cessation missing for n=2.

4 Estimated for 3-category personal smoking status (never, former, current).

¢ Among n=2,213 parous women.
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Table 3. Multivariable-adjusted odds ratios and 95% CI* for the association of personal cigarette smoking history and risk of breast
cancer overall and by tumor subtype

Overall
(N controls=1,377;
N cases=1,798)

Luminal A
(N controls=1,377;
N cases = 691)

Luminal B
(N controls=1,377;
N cases = 564)

HER2-type
(N controls=1,377;
N cases = 104)

TNBC
(N controls=1,377;
N cases = 311)

Adjusted OR (95% CI) | Adjusted OR (95% CI) | Adjusted OR (95% CI) | Adjusted OR (95% CI) | Adjusted OR (95% CI) | Py
Ever smoking status 0.01
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Ever smoked 1.20 (1.00-1.44) 1.34 (1.06-1.68) 1.04 (0.78-1.39) 1.97 (1.23-3.16) 0.92 (0.68-1.25)
Personal smoking status 0.03¢
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Formerly smoked 1.27 (0.98-1.64) 1.33 (0.98-1.79) 1.15 (0.78-1.70) 2.41 (1.45-4.01) 0.90 (0.61-1.34)
> 10 years since quitting” 1.17 (0.84-1.63) 1.28 (0.86-1.89) 1.05 (0.67-1.65) 1.95 (1.05-3.61) 0.77 (0.42-1.42)
<10 years since quitting® 1.45 (0.99-2.11) 1.42 (0.89-2.27) 1.40 (0.84-2.33) 3.40 (1.52-7.62) 0.98 (0.53-1.78)
Currently smoke 1.13 (0.92-1.40) 1.36 (1.02-1.81) 0.93 (0.69-1.25) 1.58 (0.84-2.99) 0.94 (0.63-1.40)
Average number of cigarettes per day 0.09
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
<5 1.22 (0.90-1.65) 1.25 (0.83-1.88) 1.16 (0.74-1.82) 1.60 (0.80-3.22) 1.01 (0.58-1.74)
5-19 1.16 (0.91-1.48) 1.37 (1.03-1.83) 1.04 (0.71-1.51) 1.69 (0.94-3.04) 0.74 (0.49-1.12)
>20 1.23 (0.93-1.63) 1.35 (0.92-1.98) 0.91 (0.57-1.46) 2.64 (1.38-5.02) 1.12 (0.73-1.72)
Lifetime smoking pack-years 0.07
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
<5 1.12 (0.88-1.44) 1.17 (0.86-1.60) 1.08 (0.75-1.55) 1.81 (1.09-3.01) 0.82 (0.53-1.28)
5-19 1.32 (1.00-1.73) 1.59 (1.14-2.22) 1.09 (0.75-1.60) 1.93 (0.93-4.02) 0.88 (0.57-1.37)
>20 1.08 (0.76-1.53) 1.23 (0.77-1.96) 0.76 (0.41-1.42) 2.28 (1.05-4.93) 1.11 (0.61-2.02)
Age smoking initiated, years 0.24
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
<18 1.33 (1.05-1.67) 1.51 (1.14-2.00) 1.14 (0.80-1.63) 2.36 (1.36-4.09) 0.94 (0.65-1.37)
18-24 0.90 (0.70-1.17) 0.95 (0.69-1.31) 0.83 (0.57-1.20) 1.40 (0.69-2.82) 0.71 (0.45-1.12)
>25 1.91 (1.24-2.96) 2.25(1.32-3.84) 1.44 (0.74-2.79) 2.25 (0.75-6.76) 1.94 (1.03-3.64)
Time since smoking initiated, years 0.09
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
<20 1.23 (0.93-1.64) 1.20 (0.82-1.75) 1.01 (0.66-1.53) 2.02 (1.06-3.84) 1.23 (0.80-1.92)
20-29 1.09 (0.86-1.38) 1.26 (0.95-1.66) 1.01 (0.72-1.40) 1.55(0.87-2.77) 0.77 (0.52-1.14)
>30 1.38 (1.00-1.90) 1.55 (1.07-2.26) 1.12 (0.66-1.90) 2.77 (1.32-5.79) 0.95 (0.54-1.67)
Smoking initiation timing - first full- 0.15

term pregnancy®
Never smoked
After FFTP
Before FFTP

1.00 (ref)
0.90 (0.59-1.37)
1.25 (1.02-1.54)

1.00 (ref)
0.90 (0.51-1.60)
1.45 (1.11-1.89)

1.00 (ref)
0.96 (0.50-1.85)
1.13 (0.82-1.58)

1.00 (ref)
0.91 (0.26-3.18)
1.79 (0.99-3.25)

1.00 (ref)
0.67 (0.33-1.36)
0.82 (0.55-1.22)

Abbreviations: BC, breast cancer; BMI, body mass index; CI, confidence interval; ref, reference; FFTP, first full-term pregnancy; FPL, federal poverty level; HER2, human

epidermal growth factor receptor 2; het, heterogeneity; HHP, household poverty; N, no; OR, odds ratio; ref, reference; TNBC, triple negative breast cancer; Y, yes.
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* Estimation of BC risk overall or by cancer subtype was relative to controls for all analyses. Adjusted for study site (Detroit, Los Angeles); age at diagnosis (continuous); HHP
(2200%, <200% of FPL); first-degree family history of BC (Y, N, unknown); BMI 12 months before reference date (underweight, normal, overweight, obese); lifetime alcohol
use (0, 0.1-6.9, 7-13.9, 14-27.9 and > 28 grams/day); parity/age at FFTP (nulliparous, 1-2 children and <25 years, 1-2 children and > 25, 3+ children and <25 years, 3+ children
and 2 25); menopausal status (premenopausal, peri-/post-menopausal).

® Among participants who formerly smoked.

¢ Estimated for 3-category personal smoking status (never, former, current).

¢ Among parous women.
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Table 4. Multivariable-adjusted odds ratios and 95% CI* for the association of personal cigarette smoking history and risk of breast
cancer by race and SEP

Non-Hispanic White Non-Hispanic Black HHP > 200%" HHP <200%"
(N controls=716; (N controls=665; (N controls=721; (N controls=617;
N cases = 1,130) N cases = 682) N cases = 1,222) N cases = 517)
Adjusted OR (95% CI) Adjusted OR (95% CI) Py Adjusted OR (95% CI) Adjusted OR (95% CI) Py
Ever smoking status 0.17 0.76
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Ever smoked 1.39 (1.06-1.82) 0.96 (0.70-1.31) 1.28 (0.97-1.68) 1.08 (0.79-1.47)
Personal smoking status 0.31¢ 0.07¢
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Formerly smoked 1.40 (1.02-1.93) 1.13 (0.68-1.88) 1.18 (0.86-1.62) 1.80 (1.08-3.01)
> 10 years since quitting® 1.29 (0.87-1.92) 0.94 (0.49-1.82) 1.10 (0.72-1.66) 1.47 (0.72-3.04)
<10 years since quitting® 1.60 (1.00-2.55) 1.31 (0.62-2.80) 1.32 (0.82-2.12) 2.04 (1.02-4.08)
Currently smoke 1.38 (1.00-1.90) 0.89 (0.63-1.27) 1.46 (1.01-2.12) 0.88 (0.63-1.23)
Average number of cigarettes per day 0.36 0.27
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
<5 1.47 (0.95-2.28) 0.80 (0.51-1.24) 1.51 (0.99-2.31) 0.87 (0.51-1.49)
5-19 1.32 (0.93-1.86) 1.00 (0.66-1.54) 1.12 (0.78-1.61) 1.21 (0.84-1.74)
> 20 1.43 (0.98-2.07) 1.07 (0.60-1.92) 1.36 (0.86-2.15) 1.01 (0.64-1.59)
Lifetime smoking pack-years 0.09 0.98
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
<5 1.20 (0.88-1.65) 0.97 (0.64-1.48) 1.17 (0.85-1.60) 1.04 (0.66-1.63)
5-19 1.72 (1.18-2.51) 0.81 (0.54-1.22) 1.42 (0.98-2.07) 1.24 (0.85-1.82)
> 20 1.20 (0.77-1.88) 1.44 (0.73-2.84) 1.21 (0.67-2.18) 0.86 (0.48-1.55)
Age smoking initiated, years 0.61 0.43
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
<18 1.60 (1.18-2.17) 1.03 (0.69-1.53) 1.46 (1.03-2.07) 1.14 (0.77-1.68)
18-24 1.00 (0.69-1.45) 0.75 (0.50-1.11) 0.90 (0.62-1.30) 0.91 (0.60-1.38)
> 25 2.23 (0.99-5.04) 1.44 (0.78-2.63) 2.69 (1.22-5.93) 1.25 (0.64-2.45)
Time since smoking initiated, years 0.36 0.91
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
<20 1.35 (0.90-2.04) 0.99 (0.64-1.54) 1.39 (0.89-2.18) 1.08 (0.68-1.71)
20-29 1.21 (0.88-1.67) 0.99 (0.69-1.43) 1.16 (0.81-1.65) 0.95 (0.67-1.36)
> 30 1.78 (1.18-2.70) 0.83 (0.47-1.48) 1.44 (0.92-2.27) 1.29 (0.74-2.25)
Smoking initiation timing — FFTP* 0.41 0.62
Never smoked 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
After FFTP 1.16 (0.44-3.07) 0.72 (0.46-1.11) 1.15 (0.54-2.47) 0.78 (0.45-1.34)
Before FFTP 1.47 (1.08-2.00) 1.06 (0.71-1.58) 1.26 (0.92-1.72) 1.22 (0.84-1.76)

Abbreviations: BC, breast cancer; BMI, body mass index; CI, confidence interval; FFTP, first full-term pregnancy; FPL, federal poverty level; HHP, household poverty; int,
interaction; N, no; OR, odds ratio; ref, reference; Y, yes.



* Estimation of BC risk was relative to controls for all analyses. Adjusted for study site (Detroit, Los Angeles); age at diagnosis (continuous); HHP ( > 200%, <200% of FPL); first-
degree family history of BC (Y, N, unknown); BMI 12 months before reference date (underweight, normal, overweight, obese); lifetime alcohol use (0, 0.1-6.9, 7-13.9, 14-27.9
and > 28 grams/day); parity/age at FFTP (nulliparous, 1-2 children and <25 years, 1-2 children and > 25, 3+ children and <25 years, 3+ children and > 25); menopausal status
(premenopausal, peri-/post-menopausal).

® n=116 participants (73 cases 43 controls) were missing information on HHP and did not contribute to analyses stratified by HHP.

¢ Among participants who formerly smoked.

4 Interaction term by 3-category personal smoking status (never, former, current).

¢ Among parous women.
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