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Abstract

Background—Greater body mass index (BMI), a measure of overall adiposity, is associated
with higher risk of postmenopausal breast cancer. The role of central adiposity, often measured by
waist circumference, is less well understood especially among premenopausal women. We aimed
to examine multiple measures of adiposity in relation to breast cancer in a prospective cohort
study.

Methods—50,884 Sister Study cohort participants ages 35-74 were enrolled from 2003-20009.
Inclusion criteria for the cohort included having a sister previously diagnosed with breast cancer.
Trained study personnel measured height, weight, waist and hip circumference during a home visit
and study participants completed a detailed questionnaire. Using Cox regression, we estimated
multivariable hazard ratios (HR) and 95% confidence intervals (Cls) for breast cancer risk
associated with adiposity measurements, considering tumor subtype and menopausal status.

Results—In total, 2,009 breast cancers were diagnosed during follow-up (mean=5.4 years).
Weight, BMI, waist circumference and waist-hip-ratio were positively associated with overall
breast cancer risk and HRs were greater among postmenopausal women, those with hormonally
responsive tumors and non-current postmenopausal hormone users. In models that adjusted for
BMI, waist circumference associations persisted among both postmenopausal women (81-88cm
vs <80cm, HR=1.16, 95%CI 1.01, 1.35; >88cm vs <80cm, HR=1.30, 95% CI 1.10, 1.54) and
premenopausal women (81-88cm vs <80cm, HR=1.56, 95%CI 1.19, 2.04; >88cm vs <80cm,
HR=1.30, 95% CI 0.91, 1.87).

Conclusions—TFindings from this large, prospective study with examiner-measured body size
indicate that waist circumference is independently and positively associated with both
premenopausal and postmenopausal breast cancer risk.
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Overall adiposity, measured using body mass index (BMI, kg/m?), is an established risk
factor for postmenopausal breast cancerl. This risk factor is particularly notable in the aging
U.S. population where obesity rates among women over the age of 60 have increased from
31.5% to 38.1% in the last decade?. Additionally, the prevalence of abdominal obesity,
measured by waist circumference, in the U.S. increased from 55.4% in 1999-2000 to 64.7%
in 2011-2012 in women?3. These trends underscore the increasing likelihood that body size,
and in particular central adiposity, may be influential in breast cancer trends in coming
years.

Previous studies have found the relationship between overall adiposity and breast cancer to
vary by menopausal status, with a recent meta-analysis reporting a 15% higher risk of
postmenopausal and a 7% non-significant lower risk of premenopausal breast cancer when
comparing women with BMI =25 vs. <254, The potential inverse association of obesity
among younger women is not well-understood, but may be the result of increased
anovulatory cycles® and lower levels of progesterone®. Greater postmenopausal adiposity is
hypothesized to be associated with breast cancer risk via increased estrogen levels due to the
peripheral conversion of androgens, which encourage cell growth and thus increase the
likelihood of mutations or proliferation of initiated cells’.

Measures of central adiposity, such as waist circumference or waist-to-hip ratio (WHR), are
associated with a host of hormonal and metabolic changes and may be a better predictor of
breast cancer risk than overall adiposity8. Waist circumference has been found to be
associated with higher levels of insulin-like growth factors or androgen levels in
premenopausal women®, and thus central adiposity may be particularly relevant to
premenopausal breast cancer risk19-12, Central adiposity has also been hypothesized to be a
better measurement than BMI of metabolically active visceral fat among postmenopausal
women®. Central and overall adiposity may be more closely related to specific tumor
subtypes, such as estrogen receptor (ER)-negative or triple negative tumors10.13,

Less is known about the relationship between adiposity and premenopausal breast cancer
and whether the associations between central adiposity measures and breast cancer vary by
menopausal status at diagnosis and tumor hormone receptor status. In this study, we aimed
to evaluate the relationship between prospectively collected adiposity measures and breast
cancer risk by central (waist circumference and WHR) versus overall (BMI) adiposity,
menopausal status at diagnosis and by tumor hormone receptor status in the prospective
Sister Study cohort.

Study Design and Population

The National Institute of Environmental Health (NIEHS) Sister Study is a prospective
observational cohort study designed to identify environmental risk factors for breast cancer.
During 2003-2009, 50,884 female residents of the United States and Puerto Rico were
recruited via the media, breast cancer professionals and advocates, the Internet, a network of
recruitment volunteers, and a national advertising campaign conducted in both English and
Spanish. Eligible participants were breast cancer-free at enroliment, ages 35-74, and had a
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sister who had been diagnosed with breast cancer. The study was approved by the
Institutional Review Board of the National Institute of Environmental Health Sciences, NIH,
and the Copernicus Group Institutional Review Board. Written informed consent was
obtained from all participants. The data presented here was from Sister Study data release
3.1 (May 2014).

Study participants completed extensive phone and written questionnaires with detailed
information on medical and family cancer history, as well as lifestyle factors and
demographics, including postmenopausal hormone use. Premenopausal status was defined
as reporting one or more menstrual cycles in the prior 12-month period. For this study, we
excluded records from: (1) 128 women who were diagnosed with breast cancer prior to
completion of study enrollment activities or had a missing date of diagnosis; (2) 205 women
with incomplete information on adiposity measurements; (3) 3,385 women with unknown
menopausal status (including 3,354 women who were less than 55 at interview and who
reported that their menses stopped at the age of hysterectomy with ovarian conservation).
Therefore, information from 47,166 women contributed to this analysis.

Incident breast cancer

Participants are asked to complete annual health updates and biennial surveys to update risk
factor information. Women who reported an incident breast cancer diagnosis during the
follow-up period were asked to allow their medical records to be released as well as to
provide additional diagnostic and treatment details. Response rates have been greater than
94% over follow-up4. Medical records have been obtained for more than 80% of breast
cancer diagnoses. Agreement between self-reported and medical record-abstracted data was
high1®; therefore, self-reported data was used when medical record data was missing. Tumor
subtypes of interest were defined as ER+ and PR+ (ER+PR+) and ER- and PR- (ER-PR-).

Adiposity Measurements

Adiposity-related measures included waist circumference, hip circumference, WHR, and
BMI. At time of enrollment, current height, weight, hip and waist circumferences were
measured during home visits by trained study personnel for almost all participants. A small
proportion of height measurements (0.2%) were not available and for these, self-reported
measures were used. These measurements were used to derive current BMI and waist-to-hip
ratio. BMI was evaluated as a continuous variable (1-unit increases) and also categorized by
standard WHO definitions, underweight (<18.5 kg/m?), normal (18.5-24.9 kg/m?),
overweight (25-29.9 kg/m?), obese (30-34.9 kg/m?2), severely obese (35-39.9 kg/m?) and
morbidly obese (=40 kg/m?)16. Classification of waist circumference was based on the
criteria from the American Diabetes Association for abdominal obesity as normal (<80cm),
action level 1 (80.1-88cm), or action level 2 (>88cm)7. Height, weight and waist-to-hip
ratio were classified in quartiles based on distribution in the study population.

Statistical analysis

Multivariable Cox proportional hazards models were used to estimate hazard ratios (HR)
and 95% confidence intervals (Cl) for the association between adiposity measures and breast
cancer risk. Statistical models used age as the time scale and person-time was accrued from
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age at study enrollment. Follow-up extended until study participants had a breast cancer
diagnosis or were censored at the date of last follow-up. In analyses of breast cancer
subtypes defined by hormone receptor status, competing or undefined breast cancer subtypes
were censored at the date of diagnosis. For instance, when the outcome of interest was ER
+PR+ breast cancers, women who had ER- and/or PR- breast cancers were censored at
their date of diagnosis. Similarly, for ER—PR- outcomes of interest, women with ER+
and/or PR+ tumors were censored at date of diagnosis. ER/PR status was less frequently
reported in the medical records for in situ breast cancer, and mammographic detection of in
situ disease may be influenced by adiposity. Therefore, analysis of subtypes was limited to
invasive cancer and person-time was censored on the date of an in situ diagnosis. Data on in
situ breast cancer according to the adiposity measures addressed here are provided in the
supporting material (Supporting Table I).

In analyses investigating associations by menopausal status at the time of breast cancer
diagnosis, women who became postmenopausal during the follow-up period were censored
at month of menopause with respect to the outcome of premenopausal breast cancer.
Consequently, the person-time that accumulated after menopause contributed to
postmenopausal person-time at risk. The proportional hazard assumption was visually
assessed using In-In survival plots as well as with the inclusion of an interaction term with
survival time in the regression model, using an alpha of 0.05. There was no suggestion of
time-variant associations.

Stratified models were used to assess postmenopausal hormone use (using three definitions:
(1) ever, never; and (2) by type: estrogen, progesterone, or both and (3) current, not current),
smoking history (ever smoker, never smoker) and race (white, black) as potential effect
measure modifiers. Additionally, we evaluated a potential interaction between waist
circumference (<80cm, 81-88cm, >88cm) and BMI (<25 kg/m?, =25 kg/m?). Confounders
were identified using the prior literature and a directed acyclic graph’8. Multivariable-
adjusted models included the following confounders: age, race (non-Hispanic white, black,
Hispanic, other), education (less than high school, high school equivalent, some college, 4-
year degree or higher), age at menarche, age at first birth (<21, 21-<25, 25-<29, 29-<32,
>32), parity (nulliparous or 1, 2-3, 4+), breastfeeding history (total weeks), oral
contraceptives (ever, never), postmenopausal hormone use (premenopausal, none, estrogen
only, estrogen and progesterone, estrogen and estrogen and progesterone), age at menopause
(premenopausal, <40, 40-50, 51-55, 55+), smoking history (total pack years), current
alcohol consumption (never drinker, former drinker, current <1 drink/day, current 1 drink/
day, current 1.1-1.9 drinks/day, current 2+ drinks day) and physical activity (current
metabolic equivalent hours/week). Models estimating the independent association between
waist circumference and WHR with breast cancer risk were further adjusted for BMI as a
continuous variable. Missing data on adiposity measurements was less than 1%, thus study
participants with missing data were excluded from the analysis. Two-sided tests were used
with a p value of 0.05 to evaluate statistical significance. All analyses were performed using
SAS version 9.3 software (SAS Institute, Inc., Cary, NC).
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Among 47,116 women, 2,009 breast cancer cases were diagnosed during a total of 252,117
person-years. Average follow-up time was approximately 5.4 years. Study participant
characteristics are stratified by BMI categories at baseline (Table 1). Women were most
likely to fall into the BMI ranges of 18.5-24.9 (37.7%) and 25.0-29.9 (31.8%), respectively,
rather than being classified as having a BMI<18.5 or BMI =30.

The association between adiposity measurements and overall breast cancer risk and by select
subgroups is displayed in Table Il. Increasing weight category was associated with an higher
overall breast cancer risk (>184 Ibs. vs. <136 Ibs., HR=1.32, 95% CI 1.15, 1.51). Estimates
were greater among women with ER+PR+ tumors; women >157 Ibs. had an over 60%
increase in risk for ER+PR+ breast cancer compared to women <136 Ibs. However, given
the small numbers of hormone-receptor negative tumors in our study, HRs were more
imprecise for women with ER-PR- tumors. Consistent trends were not observed for height.

A non-linear increase in overall breast cancer risk was observed for increased categories of
BMI. Estimates were stronger and monotonic for women with ER+PR+ invasive tumors
(25-29 kg/m?, HR=1.45, 95% CI 1.23, 1.71; 30-34.9 kg/m?, HR=1.42, 95% Cl 1.16, 1.75;
>35 kg/m2, HR=1.49, 95% CI 1.18, 1.88, vs. 18.5-24.9 kg/m?2). In contrast, this association
was not apparent among women with invasive ER-PR- tumors. For women with ER-PR-
tumors, the highest risk was observed for underweight women (HR=2.65, 95% CI 1.06,
6.58) compared to the normal weight category.

Higher overall breast cancer risk was observed with greater waist circumference and were
more pronounced for ER+PR+ invasive tumors (81-88 cm vs. <80 cm, HR=1.63, 95% CI
1.36, 1.96; >88 cm vs. <80 cm 1.53, 95% CI 1.29, 1.81). More modest estimates, although
with wide confidence intervals, were also observed for ER—PR- invasive tumors (81-88 cm
vs. <80 cm, HR=1.28, 95% C1 0.87, 1.89; >88 cm vs. <80 cm, HR=1.18, 95% CI 0.83,
1.67). Women in the highest category of WHR, when compared to women in the lowest
category, had a higher risk for overall breast cancer (HR=1.35, 95%CI 1.19, 1.54), and for
ER+PR+ and ER-PR- tumors.

When analyses were limited to postmenopausal breast cancer (Figure I, Supporting Table
I), the trends of adiposity measures with breast cancer risk were very similar to those
observed in all women. Women in the highest category of weight did not have an elevated
premenopausal breast cancer risk compared to those with weights <136 Ibs. (HR=0.95, 95%
Cl 0.69, 1.31), although higher HRs were noted for women between 137-184 Ibs. (Figure 2,
Supporting Table 11). A trend towards lower HRs was observed with increasing BMI for
premenopausal breast cancer. For example, an inverse association was observed between
BMI =35 kg/m? and premenopausal ER+PR+ tumors (HR=0.35, 95% CI1 0.17, 0.74) relative
to those with a BMI 18.5-24.9 kg/m2. There was no clear association with waist
circumference and premenopausal breast cancer. While an elevated HR was noted for
premenopausal women with waist circumference between 81-88 cm, this trend did not
continue for women with waist circumference >88 cm. Due to small sample sizes (n=33),
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we were unable to examine the adiposity measurements in association with premenopausal
ER-PR- tumors.

Estimates for central adiposity after adjustment for overall adiposity are displayed in Table
I11. Adjustment for BMI did not attenuate the positive association between waist
circumference or WHR and overall breast cancer. Interestingly, in premenopausal women,
positive associations between breast cancer risk and higher categories of waist
circumference (81-88 cm vs. <80 cm, HR=1.56, 95%CI 1.19, 2.04; >88 cm vs. <80 cm
1.30, 95%CI 0.91, 1.87) and WHR (=0.86 vs. <0.75, HR=1.26, 95% CI 0.91, 1.73) remained
as strong or became even more pronounced after adjustment for BMI.

Associations were generally not evident among current postmenopausal hormone users,
whereas results among non-current hormone users were similar to overall results
(Supporting Table 1V). We did not observe evidence of additional effect measure
modification between adiposity measurements and breast cancer by other postmenopausal
hormone use definitions, smoking, race or between BMI and waist circumference (data not
shown).

Discussion

This study is notable because of the large, prospective study design and the use of examiner-
collected adiposity measurements. We observed higher breast cancer risk in association with
measurements of body size and adiposity. The magnitude of these associations were often
strongest among women with ER+PR+ tumors, as seen in other studies!3-19-23: and less
consistent or not evident among women with ER-PR~-. We report differential associations
of overall adiposity by menopausal status, consistent with previous studies. In
postmenopausal women, we found evidence of even more pronounced associations for
measures of both overall and central adiposity. In premenopausal women, we observed a
significant inverse association between the highest category of overall obesity and breast
cancer.

Waist circumference was found to be an important predictor of breast cancer risk,
independent of overall adiposity. In statistical models of waist circumference and breast
cancer risk among postmenopausal women, additional adjustment for BMI (to determine if
associations with central adiposity were independent of overall adiposity) did not result in an
attenuation of observed associations. This suggests that waist circumference is an important,
independent predictor of postmenopausal breast cancer risk. Few studies have considered
whether central obesity is associated with postmenopausal breast cancer beyond its
correlation with overall obesity. Those that have done so have been inconsistent, although
most studies reported that waist circumference estimates were attenuated with consideration
of BMI8:13.19.24-26 However, our finding that the association between waist circumference
and premenopausal obesity is apparent only after adjusting for BMI is consistent with some
studies®25-27, but not all?8, and merits replication.

Waist circumference is an accurate measure of central adiposity, particularly among older
women®. A challenge in most studies of waist circumference is the use of self-reported waist
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circumference measures which may not be accurate. Biological mechanisms of central
adiposity likely differ by menopausal status. Adjustment for overall adiposity did not
attenuate waist circumference findings for postmenopausal women. In contrast, the observed
point estimates remained similar or became more pronounced after BMI adjustment in
premenopausal women. In postmenopausal women, central adiposity may be a better
estimate of overall adiposity and a more accurate predictor of estrogen-producing visceral
fat®. In contrast, centrally obese premenopausal women may have lower estradiol levels
compared to women with lower waist circumference?®. This suggests that the biologic
mechanism for the higher premenopausal breast cancer risk in association with central
adiposity measures may not solely be related to estrogen. This is consistent with estrogen
responsive tumors being less common in premenopausal compared to postmenopausal
women30, Rather, metabolic conditions may be mechanistically important. Central adiposity
is an independent predictor of both hyperinsulinemia and levels of IGF-1, which have been
previously found to be related to premenopausal breast cancer risk12:31.

Despite a current overall plateau in the previously increasing rates of BMI among most
demographic groups, waist circumference is increasing in the U.S.3. The reason for this re-
distribution of body weight is unknown, but is has been hypothesized that sleep deprivation,
exposure to endocrine disrupting chemicals or medication use32 and even intake of diet
soda33 may be driving this increase in central adiposity. Therefore, our finding that waist
circumference was independently important for both pre- and postmenopausal women may
be of great consequence from a public health standpoint.

We observed an interaction of current postmenopausal hormone use and the adiposity
metrics with breast cancer risk. Findings were consistent with previous studies in which
associations tend to be more pronounced among non-users of postmenopausal hormones34.
However, no statistically significant interaction was observed based on type of hormone use
or by smoking or race.

This study has many strengths; importantly, adiposity measurements were collected by
trained study personnel. Additionally, these measurements were taken prior to diagnosis and
therefore any fluctuations in body size in response to the onset of breast cancer would not
have impacted these measurements. We were also able to consider a number of adiposity
measurements, which may help to elucidate the biologic mechanism. The large sample size
of the Sister Study permitted us to consider the breast cancer associations with
anthropometric measures according to hormone receptor and menopausal status.

This study has some limitations. Despite the large sample size, confidence intervals for all
ER-PR- tumors combined were wide—making it difficult to draw conclusions. Similarly,
fewer women were diagnosed with premenopausal breast cancer which may have
contributed to some instability in measures of association. Although we had examiner-
provided measurements of adiposity that were collected using a standard protocol, there is
still the possibility of non-differential misclassification across multiple examiners which
may have resulted in a bias towards the null. The women in the Sister Study, by enrollment
criteria, have a family history of breast cancer and therefore have a two-fold increased risk
of breast cancer compared to women without a family history. Women in the Sister Study
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have a very similar distribution of breast cancer risk factors compared to women in the
general population suggesting these results may still be generalizable to women without a
family history3®.

In conclusion, this study confirms previous reports that have found a positive association of
postmenopausal breast cancer with overall adiposity as well as inverse associations between
overall adiposity and premenopausal breast cancer. Adiposity associations were most
apparent among women who were not currently using postmenopausal hormones. Central
adiposity was an independent predictor of postmenopausal, and possibly premenopausal,
breast cancer risk in this study population, and is an important risk factor to consider as
waist circumferences continues to expand in the United States.
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This prospective study with examiner-measured body size found that waist circumference
is independently and positively associated with both premenopausal and postmenopausal
breast cancer risk after accounting for overall adiposity. This finding is potentially
important for future breast cancer trends as average waist circumferences continue to
increase in the United States.
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Figure I.
Hazard Ratios (HR) and 95% Confidence Intervals (ClIs) for the association between

adiposity measurements and postmenopausal breast cancer risk, The Sister Study.
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Figure 11.
Hazard Ratios (HR) and 95% Confidence Intervals (ClIs) for the association between

adiposity measurements and premenopausal breast cancer risk, The Sister Study.
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