1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

> % NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATTG,

O

Published in final edited form as:
Cancer. 2014 May 15; 120(10): 1548-1556. doi:10.1002/cncr.28601.

Height, BMI, BMI change and the risk of estrogen receptor
positive, HER2 positive and triple-negative breast cancer among
women ages 20 to 44 years

Masaaki Kawai, MD, PhD, Kathleen E. Malone, PhD, Mei-Tzu C. Tang, PhD, and Christopher
I. Li, MD, PhD

Division of Public Health Sciences, Fred Hutchinson Cancer Research Center, 1100 Fairview
Ave. N., Seattle, WA 98109

Abstract

Background—The evidence regarding the relationships between various anthropometric
characteristics and breast cancer risk among young women is mixed, and few studies have
assessed these associations by its subtype.

Methods—This was a population-based case-control study of 779 estrogen receptor positive (ER
+), 182 triple-negative (TN), and 60 ER-negative/human epidermal growth factor-2-
overexpressing (HER2) invasive breast cancer cases aged 20-44 years diagnosed from 2004-2010
in the Seattle-Puget Sound metropolitan area, and 939 cancer-free controls. Associations between
height and body mass index (BMI) at different time points in relation to breast cancer risk were
assessed using polytomous logistic regression.

Results—Height, BMI at age 18, and BMI at reference date were not related to risks of ER+,
TN, or HER2-overexpressing breast cancer. BMI change from age 18 to reference date was not
related to risk of either ER+ or HER2-overexpressing breast cancer. However, compared to
women with a 0-4.9 kg/m? change over this interval in their BMI from age 18 to reference date,
those who experienced a =10 kg/m? increase had a 2.0-fold (95% confidence interval [CI]:
1.2-3.3) increased risk of TNBC. For ER+ disease there was some evidence that parity modified
the effect of BMI change (Pinteraction=0.002), as an increase of =10 kg/m? was associated with a
reduced risk of ER+ disease only among nulliparous women (odds ratio [OR]=0.3, 95% CI:
0.2-0.6).

Conclusions—The relationships between BMI change and risks of TNBC and ER+ breast

cancer appear to differ substantially.
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Introduction

The relationships between anthropometric factors and breast cancer risk have been
extensively studied among young women.! Briefly, height is positively associated? 3 and
body mass index (BMI) is negatively associated® 4 with breast cancer risk among
premenopausal women. Fewer studies have evaluated the impact of weight gain, but of those
focused on young women, four>-8 of the five*8 observed no relationship between weight
gain and breast cancer risk. However, among the studies evaluating associations between
BMI,%-19 height®: 12. 15, 16 and risk of different breast cancer subtypes defined by joint
estrogen receptor (ER)/progesterone receptor (PR) status, the majority have observed no
association between BMI and risk of either ER+/PR+%14 or ER-/PR-,%19 and no
association between height and risk of either ER+/PR+9% 12,16 or ER—/PR-9 12, 16 preast
cancer. Six studies have evaluated associations between anthropometric factors and risk of
different breast cancer subtypes defined by ER/PR and HER2-neu (HERZ2) status among
young women.29-25 These studies have yielded inconsistent results, and five of six studies
have been hindered by small sample sizes with the numbers of triple-negative (ER-/PR-/
HER2-) cases included ranging from only 19 to 119.29-24 The largest study included 187
triple-negative cases and observed no association between BMI and risk of triple-negative
breast cancer.2> Given the distinct biologies of different breast cancer subtypes they likely
have unique etiologies, 28 27 and prior studies have identified differences in magnitudes and
directions in risk associated with various reproductive and lifestyle characteristics across
molecular subtypes of breast cancer.282% Studying potentially modifiable risk factors for
these cancers in young women is particularly important given that the proportions of two of
the more aggressive subtypes, triple-negative and HER2-overexpressing (ER-/HER2+), are
inversely associated with age.?! Toward this goal, we evaluated the associations between
height, BMI, and BMI change and risk of different molecular subtypes of breast cancer in a
population-based case-control study of women 20-44 years of age.

Material and Methods

The design and methods used in this population-based case-control study have been
described previously.30 Briefly, eligible cases were women 20-44 years of age designed
specifically to characterize risk factors for breast cancer among young women diagnosed
with invasive breast cancer between January 2004 and June 2010 with no prior history of in
situ or invasive breast cancer living in the three county Seattle-Puget Sound metropolitan
area (King, Pierce, and Snohomish counties). Potentially eligible cases were identified
thorough the Cancer Surveillance System (CSS), the population-based tumor registry that
serves the 13 counties of Western Washington state and participates in the Surveillance,
Epidemiology, and End Results (SEER) program of the National Cancer Institute. Of the
1,359 eligible cases identified, 1,056 (78%) were interviewed. Of those not enrolled
(n=303), 82% refused to be interviewed, 10% could not be located, and 8% died before the
interview could be conducted. We obtained basic information on breast cancer diagnosis and
a variety of tumor characteristics from the cancer registry and from a centralized review of
pathology reports. This review included collection of data on tumor histology, stage, ER,
PR, and HER2-neu status. ER and PR positivity were defined as positive staining of 21% of
cells and negative staining of 0 to <1 % of positive cells. HER2 positivity was based on an
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immunohistochemistry (IHC) score of 3+ and/or a fluorescence in situ hybridization (FISH)-
positive result and negativity was defined as an IHC score of 0 or 1+ and/or a FISH-negative
result. Cases with a 2+ HER2 IHC result without a FISH result were considered to have
unknown HER? status. This information was used to group cases into three defined groups:
ER+ (approximating the luminal A and B subtypes), ER-/HER2+ (HER2-neu
overexpressing type), and ER-/PR-/HER2- [triple-negative (TN) approximating the basal-
like subtype and unclassified]. This approach has been used in our previous work.3% The 28
cases (2.7%) for whom data on ER, PR, and/or HER2 status were missing were excluded.

We used a combination of list-assisted (purchased randomly generated telephone numbers)
and Mitofsky-Waksberg (telephone numbers randomly generated ourselves using a
clustering factor of 5)31 random digit dialing methodologies to identify potential controls
from the general population of female residents of King, Pierce, and Snohomish counties.
Controls were frequency matched within 5-year age groups to the cases using one-step
recruitment. Of the 1,489 eligible controls identified, 943 (63%) were interviewed by this
method.

Data Collection

The study protocol was approved by the Fred Hutchinson Cancer Research Center
Institutional Review Board, and written informed consent was obtained from all study
subjects. Cases and controls were interviewed in their homes by a trained interviewer and
asked about their reproductive history, demographics, physical activity, alcohol drinking,
cigarette smoking, medical history, history of breast cancer screening, and family history of
breast cancer. In addition, women were queried regarding their weight at age 18 (not
counting times when women were pregnant or nursing), height, weight one year prior to
their reference date. Our questioning was limited to exposures that occurred before each
participant's reference date. The reference date/age used for each woman with breast cancer
was her diagnosis date/age. Control reference dates/ages were assigned to reflect the
expected distribution of reference dates/ages among the cases. The mean time between
reference date and interview date was 18 months for cases and 20 months for controls, and
the median times were 16 months and 19 months, respectively. This was consistent with our
goal of trying to interview women within two years of their reference date. Data on height
were missing for four controls and seven cases (five ER+ and two ER-/PR-/HER2- cases).
Therefore, our final analytic data set consisted of 939 control women, 779 ER+ cases, 60
ER-/HER2+ cases and 182 ER-/PR-/HER2- cases.

Statistical Analysis

Our primary exposures of interest were height at reference age, BMI at age 18, BMI at
reference date, and change in BMI from age 18 to reference date. Weight at reference age
(kg) was weight one year before the reference age. Height and weight were also measured at
the time of the interview by the trained interviewer. We used measured values of height at
the time of interview and self-reported values of weight at reference age and weight at age
18 to calculate exposures. When physically measured height at the interview was not
available, self-reported height was used (n=111 for cases, n=132 for controls). When self-
reported weight at reference age was not available, physically measured weight at the
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interview was used (n=113 for cases, n=150 for controls). BMI at reference age (kg/m?) was
calculated as weight one year prior to reference date (kg) divided by squared height at
reference age (m). BMI at age 18 (kg/m?) was calculated as weight at age 18 (kg) divided by
squared height at reference (m). A high level of correlation was observed between self-
reported and physically measured anthropometric characteristics (continuous variables:
r=0.96 for height, r=0.88 for weight; quartile categorizations: r=0.91 for height, r=0.85 for
weight). For height, BMI at age 18, and BMI at reference age, our primary analysis was
based on the quartile distributions of these anthropometric characteristics among our control
population where the lowest quartile served as the reference category. Additionally, for BMI
at reference date we evaluated risk according to clinically relevant categories (<24.9,
25.0-29.9, =30.0). We did not use these same categories for BMI at age 18 because there
were few obese women (n=20 controls, 18 cases). For BMI change from age 18 to reference
date, we grouped women into four categories (change of: <0.0, 0.0-4.9, 5.0-9.9, =10.0
kg/m?2), where those in the 0.0-4.9 category served as the reference group. These evenly
spaced categories were selected for ease of interpretation. We used polytomous logistic
regression to calculate odds ratios (ORs) and their associated 95% confidence intervals (Cls)
to compare ER+, ER-/PR-/HER2-, and ER-/HER2+ breast cancer cases to controls. All
analyses were conducted using Stata/SE 13 (StataCorp LP, College Station, TX). All models
were adjusted for age (five year categories) and reference year (continuous) since controls
were matched to cases on these factors. Several potential confounders and effect modifiers
of the relationship between each anthropometric factors and breast cancer risk were assessed
including: race/ethnicity, education, first-degree family history of breast cancer, duration of
oral contraceptives, parity number, age at first live birth among parous women, age at
menarche, alcohol consumption, smoking history, physical activity, and mammography
screening history. Age at first live birth and race/ethnicity changed our risk estimates by
more than 10% when added to the model, so our final statistical models were adjusted for
age, reference year, age at first live birth, and race/ethnicity. Parity was found to be a
statistically significant effect modifier of the relationship between BMI change and risk of
ER+ breast cancer based on likelihood ratio testing (p-values for interaction were <0.05 for
ER+ breast cancer). In the stratified analysis by parity, we collapsed women with BMI
change of <0.0 and 0.0-4.9 into one category, where those in the <4.9 category served as the
reference group. P values for trend were calculated by treating each categorical variable as
an ordered continuous variable. Additionally, estimates of trend for continuous values were
calculated by treating each variable as continuous variable. For BMI change from age 18 to
reference, the trend calculated was limited to those whose BMI stayed the same or increased
over this interval. We conducted Wald tests to estimate case-case differences in risk between
our ER+ and TN case groups.

Compared to control women, cases as a whole were less likely to be non-Hispanic white and
more likely to have a first-degree family history of breast cancer, to be nulliparous, and to
ever have had a screening mammogram (Table 1). Compared to the ER+ breast cancer
cases, the TN cases were somewhat more likely to be younger, to be African American, to
have a younger age at first live birth, and less likely to have graduate or professional school
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education and to ever have had a screening mammogram. The HER2 cases were more likely
to be younger, to have a younger age at first live birth, and to never have had a screening
mammogram.

There was some suggestion that women in the upper three height quartiles had slightly
elevated risks of ER+ and slightly decreased risks of HER2+ breast cancer compared to
women in the lowest quartile, but neither trend was statistically significant (Table 2). There
was some suggestion that women in the upper three BMI at age 18 quartiles had decreased
risks of TN breast cancer compared to women in the lowest quartile, but this trend was also
not statistically significant. In contrast, a change in BMI from age 18 to reference date of
>10.0 kg/m? was associated with a 2.0-fold (95%Cl: 1.2-3.3) increased risk of TNBC
(Ptreng=0.02), but not with risk of either ER+ or ER-/HER2+ breast cancers. When analyzed
on a continuous scale, BMI change from age 18 to reference date was associated with an
increased risk of TNBC per 1.0 kg/m? unit increase in BMI (OR=1.07, 95% CI: 1.02-1.11).

Parity modified the association between BMI change and ER+ breast cancer risk
(Pinteraction=0.002) (Table 3). Nulliparous women those whose BMI increased by 5.0-9.9
kg/m? or by =10 kg/m? had decreased risks of ER+ breast cancer (OR=0.5, 95%Cl: 0.3-0.9
and OR=0.3, 95%CIl: 0.2-0.6, respectively) compared to those women whose BMI changed
<5.0 kg/m? (Pyreng <0.001). BMI change was not related to risk of ER+ breast cancer among
parous women. Parity did not statistically significantly modify the relationship between BMI
change and TN breast cancer (Pinteraction=0-11), though there was some suggestion that the
observed increase in risk was primarily limited to parous women.

Discussion

In this population-based case-control study of women 20-44 years of age we observed that
height, BMI at reference, and BMI at age 18 were not associated with risk of any of the
three breast cancer subtypes evaluated. However, an increase in BMI since age 18 was
associated with an increased risk of TNBC, primarily among parous women, as well as a
reduced risk of ER+ breast cancer limited to nulliparous women. This study adds to the
limited literature20-25 addressing these relationships. Comparing our results to them is
challenging, particularly given that only one study have specifically evaluated change in
BMI.20

Among studies characterizing risk by ER/PR status, some have observed that BMI at
diagnosis!®-12 and BMI at age 181° are inversely associated with risk of ER+/PR+ breast
cancer, but similar to our results the majority of these studies have observed no association
between BMI and risk of either ER+/PR+%-14 or ER-/PR-9"19 preast cancer. Five case-
control studies?-23: 25 and one cohort study?4 have assessed risk according to joint ER/PR/
HER2 status. The results across these studies have been generally null for each breast cancer
subtype as three20-22 of the four20-23 studies that evaluated luminal A cancer risk, two20: 23
of the three20: 22, 23 stydies that evaluated luminal B cancer risk, all four2%: 22-24 of the
studies that evaluated HER2-overexpressing breast cancer risk, and five20: 21, 23-25 of the
six20-25 studies that evaluated TN/basal-like cancer risk found no associations between
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different aspects of BMI and cancer risk. Thus, there are no consistently observed positive
or negative associations between BMI and different breast cancer subtypes.

Given the paucity of available evidence on the relationships between anthropometric factors
and different breast cancer subtypes, our results need to be interpreted cautiously. The
inverse association between BMI and premenopausal breast cancer risk overall is thought to
be primarily hormonally driven. The greater frequency of anovulatory and irregular
menstrual cycles in women with higher BMIs result in reduced endogenous estrogen
production.32 The inverse association between BMI change and risk of ER+ breast cancer
among only nulliparous women may reflect that the profound changes in breast tissue
induced by pregnancy outweigh the effects of BMI on breast cancer risk.33 As described
above, while there is some evidence that BMI is inversely related to hormone receptor
positive breast cancer, studies evaluating the relationship between BMI and hormone
receptor negative disease are largely null. The biological mechanisms underlying the
relationships observed between BMI change and TN breast cancer are largely unknown.
Obesity does exert a range of biological effects beyond its influence on hormones that could
potentially explain this finding. For example, BMI is positively related to IGF-1 levels,34 and
IGF-1 has been shown to enhance breast cancer cell growth irrespective of hormone receptor
status.3® So if our observation is confirmed, further exploration of the biological
underpinnings of this association is needed.

It is important to acknowledge the limitations of this study. Given our case-control design,
recall bias is a potential concern. However, beyond finding case-control differences we also
observed significant case-case differences. Given that recall across case groups should not
differ appreciably, the impact of recall bias on our results is likely minimal. With respect to
exposure assessment we utilized both self-reported and measured height and weight, and
there was high correlation between these measures. We also conducted sensitivity analyses
of our BMI data restricted to those women with measured weights and then restricted to
those with self-reported weights and our results did not change appreciably with either
restriction (data not shown). However, our BMI change variable required recall of body
weight at age 18 and is thus potentially subject to recall bias. Our analyses did again though
show both case-control and case-case differences suggesting that any differences in recall
are likely to be non-differential with only the potential to bias risk estimates toward the
null.36

In conclusion, this population-based case-control study of young women adds to recent
evidence indicating that height, current BMI, and BMI at age 18 are not associated with risk
of breast cancer subtypes defined by ER/PR/HER2 status. BMI change from age 18 was
observed to be positively related to risk of TNBC and inversely related to risk of ER+ breast
cancer among only nulliparous women. These results require confirmation and the
underlying biological mechanisms are largely unknown.
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