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Abstract

High body mass index (BMI) has been associated with an increased risk for breast cancer among

postmenopausal women. However, the relationship between BMI and breast cancer risk in

premenopausal women has remained unclear. Data from two large prevention trials conducted by

the National Surgical Adjuvant Breast and Bowel Project (NSABP) were used to explore the

relationship between baseline BMI and breast cancer risk. The analyses included 12,243

participants with 253 invasive breast cancer events from the Breast Cancer Prevention Trial (P-1)

and 19,488 participants with 557 events from the Study of Tamoxifen and Raloxifene (STAR).

Both studies enrolled high-risk women (Gail score ≥ 1.66) with no breast cancer history. Women

in P-1 were pre- and postmenopausal, while women in STAR (P-2) were all postmenopausal at

entry. Using Cox proportional hazards regression, we found slight but nonsignificant increased

risks of invasive breast cancer among overweight and obese postmenopausal participants in STAR

and P-1. Among premenopausal participants, an increased risk of invasive breast cancer was

significantly associated with higher BMI (p=0.01). Compared to BMI < 25, adjusted hazard ratios

for premenopausal women were 1.59 for BMI 25 – 29.9 and 1.70 for BMI ≥ 30. Our investigation

among annually screened, high-risk participants in randomized, breast cancer chemoprevention

trials showed that higher levels of BMI were significantly associated with increased breast cancer

risk in premenopausal women older than age 35, but not postmenopausal women.
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Introduction

Despite efforts to promote healthy lifestyle choices and to raise awareness about the

consequences of excess body weight, overweight and obesity remain important public health

challenges in the United States. An alarming two-thirds of Americans are overweight or

obese, and more than one-third is obese (1). Excess weight has been linked to an array of

medical problems including cardiovascular disease, type 2 diabetes, osteoarthritis, and

various types of cancer (1, 2). Since body weight is a modifiable factor, understanding its

relationship with breast cancer risk among women could provide helpful insight into the

prevention of breast cancer.

In epidemiologic studies, body mass index (BMI) is often the standardized method used for

classifying excess weight. BMI is calculated as weight in kilograms divided by height in

meters squared. There is extensive evidence in the literature supporting a relationship

between increased BMI and an increased risk for breast cancer among postmenopausal

women (3-6). However, studies among premenopausal women are sparse and inconsistent.

Based on these limited results, some studies have suggested that obesity is protective among

premenopausal women (4, 7-9), while others have found no association (6, 10, 11).

The most widely accepted explanation for the BMI and breast cancer risk association among

pre- and postmenopausal women is related to estrogen production. In premenopausal

women, the ovaries are the primary source of estrogen in the body. After menopause, most

circulating estrogen derives from the conversion of adrenal androgens by means of adipose

aromatase. Therefore, women with higher amounts of body fat have higher levels of

circulating estrogen. Studies have found a stronger relationship between obesity and

estrogen receptor (ER)-positive breast cancers than between obesity and ER-negative

cancers (12). They have also shown that a history of using postmenopausal hormone therapy

(PHT) attenuates the relationship between obesity and breast cancer risk among

postmenopausal women (5). Both of these findings provide further evidence for the estrogen

availability theory among postmenopausal women. Other biologically plausible explanations

include insulin resistance, obesity-induced inflammation, and expression patterns of proteins

in mammary epithelial cells (13, 14).

Despite the above explanations, we do not yet know the exact biological mechanisms for the

development of breast cancer in obese women. Due to this uncertainty, the proposed theories

are laced with speculation (10). Inconsistent results, combined with speculative

explanations, underscore the need for more research to clarify the relationship between BMI

and breast cancer risk with respect to menopausal status among different populations of

women. In this report we use data from two large prospective chemoprevention trials [the

Breast Cancer Prevention Trial (P-1) and the Study of Tamoxifen and Raloxifene (STAR,

P-2)] conducted by the National Surgical Adjuvant Breast and Bowel Project (NSABP) to
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explore the relationship between BMI and invasive breast cancer in both pre- and

postmenopausal women who are at high risk for developing breast cancer.

Methods

Description of P-1 and STAR

Both P-1 and STAR were two-arm, double-blinded, randomized clinical trials investigating

the use of chemoprevention for breast cancer. P-1 opened to accrual June 1, 1992. One-

hundred-thirty-one clinical centers throughout North America enrolled 13,388 women by

September 30, 1997. Each woman was randomly assigned to receive either placebo or

tamoxifen for five years. In March of 1998, the trial was stopped and unblinded as a result of

sufficiently strong findings indicating a 49% reduction in breast cancer risk with tamoxifen

use (15). A 2005 update of the results with seven years of follow-up showed that tamoxifen

remained effective in reducing breast cancer risk for two years after stopping therapy (16).

The NSABP’s second breast cancer prevention trial, STAR, was designed to compare the

relative effects of raloxifene to tamoxifen on breast cancer risk as well as other diseases

found to be associated with tamoxifen in the P-1 trial. A total of 200 centers throughout

North America enrolled and randomized 19,747 participants to STAR between July 1, 1999,

and November 4, 2004. The trial results were reported in April 2006 and indicated that

raloxifene was as effective as tamoxifen in preventing invasive breast cancer; however, the

toxicity and side effect profiles favored raloxifene (17). A 2010 update of the findings

indicated that raloxifene maintained 76% of the effectiveness of tamoxifen in preventing

invasive breast cancer (i.e., raloxifene was 24% inferior to tamoxifen) and continued to

remain less toxic (18). For both trials, all clinical centers obtained approval from

institutional review boards, and all participants provided written informed consent.

To be eligible for enrollment into P-1 or STAR, women had to be at least 35 years of age

with no history of invasive breast cancer. Women also had to be at high risk for developing

breast cancer, which was defined as having a history of lobular carcinoma in situ (LCIS),

having a minimum projected 5-year probability of invasive breast cancer (based on the Gail

model) of at least 1.66% (19, 20), or, in P-1 only, being age 60 or older. There was no

menopausal status exclusion criterion for P-1 participation, but STAR participants were

required to be either surgically or naturally postmenopausal. Women were excluded from

P-1 and STAR if they had previously undergone a bilateral or unilateral prophylactic

mastectomy. Women were also required to have discontinued all use of estrogen or

progesterone replacement therapy, oral contraceptives, or androgens for at least three

months before random assignment. Other inclusion and exclusion criteria, including certain

medications and conditions, along with further details regarding the scientific rationale and

additional aspects of the design and recruitment of P-1 and STAR have been previously

published (15, 17).

Participants were followed every six months for the first five years and annually thereafter.

In order to capture all diagnoses of invasive breast cancer, they received a physical breast

examination at each six-month follow-up appointment and bilateral mammograms annually.

Staff members from the participating clinical centers were responsible for carrying out
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participant follow-up and were required to submit documentation for each event reported.

The documentation was reviewed centrally by trained medical professionals at the NSABP

to confirm the diagnosis of each event.

Study Design

The study included all participants of P-1 and STAR with follow-up information and known

menopausal status and BMI at entry. Because a large portion (almost 32%) of women

assigned to placebo in P-1 crossed over to active treatment with tamoxifen at the time the

findings were reported (March 31, 1998), follow-up data for all P-1 participants were

censored at that time, representing an average of 4.1 years of follow-up. Follow-up for the

STAR population is based on the data used in the most recent update of the trial (March 31,

2009), representing an average of 6.4 years of follow-up. The flow of participants included

in the current study is shown in Figures 1a and 1b. For P-1 participants, menopausal status

was inferred from questions about menstrual history at entry. A woman was considered

postmenopausal if she reported that both of her ovaries were removed or if she indicated that

her menstrual periods had stopped for at least 12 months. For those women with missing

information or who underwent a hysterectomy before entry but had at least one intact ovary

and were menstruating at the time of their hysterectomy, menopausal status was classified

based on each woman’s age at entry. Women younger than age 50 were classified as

premenopausal, and women age 60 or older were considered postmenopausal. For women

aged 50-59, we could not confidently make any assumptions based on age; consequently,

their menopausal status at entry was considered unknown and they were excluded from this

evaluation.

In both P-1 and STAR, each participant’s height and weight were measured and recorded by

clinical staff members at each participating clinical center. These measurements were used

to calculate individual BMIs. For adults, BMI is usually grouped into four categories of

weight classification: underweight (<18.5), normal (18.5 – 24.9), overweight (25.0 – 29.9),

and obese (≥ 30.0). Because of the low numbers of women falling into the underweight

category in our population, it was combined with the normal group to form three categories

of BMI for this analysis.

Information about important explanatory variables was also collected at baseline. As an

eligibility assessment, participants were required to complete a risk assessment form that

gathered information about current age, race, age at menarche, age at first live birth, number

of previous breast biopsies, presence of atypical hyperplasia, and number of first-degree

relatives with a history of breast cancer. Using these responses, the 5-year predicted breast

cancer risk (Gail score) was centrally calculated by the NSABP Biostatistical Center. Other

variables, including history of estrogen use, history of oral contraceptive use, history of

diabetes, and smoking history, were assessed via questionnaires that had been administered

at the time the women entered the original studies.

Statistical Analysis

We used the STAR population to first explore the relationship between BMI and invasive

breast cancer in postmenopausal women. We then looked at postmenopausal women from
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P-1 to see if these results would be consistent. Since P-1 also enrolled women before

menopause, we were able to use this group to explore the relationship between BMI and

invasive breast cancer in premenopausal women. For each of the groups (i.e., STAR

postmenopausal, P-1 postmenopausal, and P-1 premenopausal), we used Cox proportional

hazards regression to calculate unadjusted and adjusted hazard ratios of developing invasive

breast cancer for overweight (BMI 25.0 – 29.9) and obese (BMI ≥ 30.0) participants

compared to those of normal or low weight (BMI < 25.0). Time to invasive breast cancer

was calculated as time from randomization to diagnosis of invasive breast cancer or time of

last follow-up. Time was censored for those who had undergone a bilateral mastectomy or

died during follow-up. P-values for tests for trend were obtained by including BMI as a

single ordinal term (with values 0, 1, and 2) in the models and evaluating the global p-value

for the term. We first assessed the association between BMI and the risk of breast cancer on

a univariable basis, and then we assessed the association utilizing two forms of adjustment

for important explanatory variables. The first was achieved using Cox regression modeling

that incorporated all key potential variables including treatment, Gail score, age, history of

diabetes, history of oral contraceptive use, history of estrogen use, and years of cigarette

smoking at entry. We refer to this as the full multivariable model assessment. Because the

majority of P-1 and STAR participants are white (94-97%) and race is incorporated into the

Gail score, we did not include race/ethnicity as a potential factor. As a second form of

adjustment, we used backward elimination to drop out all of the potential variables that did

not reach a statistically significant level of p<0.05. We refer to this as the final multivariable

model assessment. On the basis of results reported in the literature, we tested for an

interaction between BMI and history of estrogen use among postmenopausal women, and an

interaction between BMI and history of oral contraceptive use among premenopausal

women. Because our populations consisted of women receiving chemopreventive therapy,

we decided a priori to conduct analyses separately among treated and untreated women. To

assess whether effects of BMI differed by receptor status of the tumor, we conducted

separate analyses for ER-positive and ER-negative breast cancers among postmenopausal

and premenopausal women. For the analysis of ER-positive breast cancer, we censored the

ER-negative cancers and those with unknown ER status at the time of diagnosis. Similar

logic was followed when ER-negative breast cancer was the outcome of interest.

Assessments of the statistical significance of interactions and effects within treatment groups

and by ER status were based on the final multivariable model for the respective study

populations. P-values used to assess the statistical significance of parameters in all modeling

were determined with the likelihood ratio test. All tests were evaluated using a 2-sided p-

value of 0.05. Analyses were performed using SAS version 9.2 software (SAS Institute,

Inc).

Results

Entry characteristics for the three groups of participants included in this analysis (i.e., STAR

postmenopausal, P-1 postmenopausal, and P-1 premenopausal) by BMI are included in the

top portion of Table 1. Among postmenopausal women in STAR and P-1, the mean ages

were 58.5 (SD, 7.4) and 60.8 (SD, 7.5) years, respectively. Among the premenopausal

women in P-1, the mean age was 46.3 (SD, 4.3) years. STAR participants had higher Gail

Cecchini et al. Page 5

Cancer Prev Res (Phila). Author manuscript; available in PMC 2014 August 13.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



scores, with a mean 5-year predicted breast cancer risk of 4.03% (SD, 2.2) compared to

3.87% (SD, 2.8) among postmenopausal women and 3.28% (SD, 2.0) among premenopausal

women in P-1. Overall, obese women were more likely to have a history of diabetes and less

likely to have smoked or to have used oral contraceptives. In addition, obese women tended

to have slightly lower Gail scores than women of normal weight. More overweight and

obese premenopausal women reported a history of estrogen use, whereas obese

postmenopausal women were less likely to have used estrogen. The distributions of tumor

characteristics of the cases by BMI are presented in the bottom portion of Table 1. Obese

women were slightly more likely to have ER-positive breast cancer than women of normal

weight.

The results of univariable and multivariable analyses of the association between BMI and

the risk of developing invasive breast cancer are shown in Table 2 for postmenopausal

women and Table 3 for premenopausal women. Of all the potential explanatory variables

assessed, only treatment, Gail score, and age were statistically significant in STAR; and only

treatment and Gail score were statistically significant in P-1. Among postmenopausal

women in STAR, there was a slight but nonsignificant increased risk of invasive breast

cancer with increasing levels of BMI (Table 2, first portion). Adjusting for all potential

explanatory variables (full multivariable model assessment) or for only those that were

statistically significant in the study population (final multivariable model assessment) had

negligible effects on the point estimates of the hazard ratios or on the conclusions regarding

the tests of trend. Compared to the lowest group (BMI <25.0), the hazard ratios for the two

increasing BMI categories from the final multivariable model were 1.04 and 1.16, and the p-

value for the trend test was 0.16.

When considering the results among P-1 postmenopausal women, the findings were similar

to those seen in STAR in that there was no statistically significant trend of breast cancer risk

across BMI categories (Table 2, second portion). Again, adjustment for possible explanatory

variables had little effect on the point estimates of the hazard ratios or the tests of trend. The

hazard ratios for the upper two categories of BMI from the final multivariable model were

1.22 and 1.09, and the p-value for the test of trend was 0.68. Because the results were

consistent for postmenopausal women from both STAR and P-1, these two populations were

combined to obtain more precise estimates of hazard ratios and confidence intervals (Table

2, last portion). There were 710 participants on the placebo arm of P-1 who were also

participants in STAR. These women were only included once in this combined analysis,

using the information obtained from their P-1 participation. The hazard ratios across BMI

categories from the final multivariable model for the combined population of

postmenopausal women were 1.07 and 1.14, and the p-value for the test of trend was 0.17.

The findings for premenopausal women were different than those found for postmenopausal

women (Table 3). For this population, all assessments indicated a statistically significant

trend of increasing breast cancer risk with increasing categories of BMI. As in the

postmenopausal populations, adjustment for explanatory variables had very little effect on

the hazard ratio estimates or the conclusions regarding the tests of trend. When considering

the final multivariable model, the hazard ratios for the upper BMI categories were 1.59 and

1.70, and the test of trend was statistically significant (p=0.01).
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There was no evidence of a significant interaction between BMI and history of estrogen use

among STAR/P-1 postmenopausal women (p=0.93), or between BMI and history of oral

contraceptive use among premenopausal women (p=0.66). Results from analyses stratified

by treatment group are shown in Table 4. When considering the untreated (placebo) group of

postmenopausal women, the hazard ratios for the overweight and obese groups were

elevated (1.77 and 1.28, respectively), but did not show a statistically significant trend

(p=0.36). Among the treated (tamoxifen or raloxifene) groups of postmenopausal women,

we found no association between BMI and invasive breast cancer. For raloxifene users,

hazard ratios for the two upper categories of BMI were 0.92 and 1.07 (p-value for trend

0.61) and for tamoxifen users, hazard ratios were 1.07 and 1.18 (p-value for trend 0.26). A

test of interaction between BMI category and treatment group (treated vs. untreated) among

the postmenopausal women was not significant (p=0.09).

Among premenopausal women, there was also no evidence of an interaction between BMI

and treatment group (p=0.59), although premenopausal obese women randomly assigned to

tamoxifen had a greater risk of breast cancer than non-obese women. Among those who

received tamoxifen therapy, the hazard ratios were 1.79 and 2.33 for overweight and obese

women, respectively (p-value for trend 0.02). In the placebo group, there was not a

statistically significant association between the risk of breast cancer and BMI (p-value for

trend 0.17); but, the hazard ratios for the upper two categories of BMI remained elevated

(1.51 and 1.41, respectively).

Table 5 shows the results for ER-positive and ER-negative breast cancers separately. Among

postmenopausal women, there is a nonsignificant positive association between BMI and ER-

positive breast cancer (hazard ratios of 1.14 and 1.23 for the overweight and obese groups,

respectively; p-value for trend 0.07) and no association between BMI and ER-negative

breast cancer. Among premenopausal women, there was a statistically significant trend for

BMI and ER-positive breast cancer with hazard ratios for the two upper categories of BMI

of 1.41 and 1.78 (p-value for trend 0.04). For ER-negative breast cancers, the test of trend

was not statistically significant; but, the number of breast cancer events among

premenopausal women in each BMI category by ER status was small.

Discussion

Our results indicate a statistically significant positive association between the risk of

invasive breast cancer and BMI among premenopausal women older than 35 years that were

already at high risk for developing breast cancer. Among high risk postmenopausal women

in STAR and P-1, we found a slightly increased risk of invasive breast cancer among

overweight and obese women, but the association was not significant.

Much concern has been previously raised about the association between estrogen-only and

combined estrogen/progestin PHT and breast cancer risk. An observational study from the

Women’s Health Initiative (WHI) showed that PHT use, defined as an estrogen-containing

pill or patch, attenuated the association between BMI and breast cancer risk among

postmenopausal women (5), which is consistent with findings from other studies (4, 6).

However, results from two WHI clinical trials that compared estrogen plus progestin (21)
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and estrogen-only (22) therapy to placebo did not find an interaction between BMI and PHT.

We did not have the ability to assess combined estrogen/progestin PHT in this study; but,

over half of the P-1 and STAR postmenopausal participants reported a history of estrogen

use. This history may help to explain the increase in hazard ratio but lack of significant p-

value for obese postmenopausal women randomized to placebo in our study. However,

consistent with results from the WHI clinical trials, we did not find a significant interaction

between BMI and history of estrogen use among postmenopausal women in our study.

Similarly to PHT, oral contraceptive use has been a concern among premenopausal women.

A pooled analysis by van den Brandt and colleagues (4) found that the inverse association

between BMI and breast cancer risk was attenuated among women who had ever used oral

contraceptives. However, we found no effect of a history of oral contraceptive use among

the premenopausal women who participated in the P-1 trial. Researchers have also recently

gained interest in exploring possible links between type 2 diabetes and the obesity/breast

cancer risk relationship (23, 24). Our study had very small numbers of participants with a

history of diabetes (3-6%), and although we tested for significance of this variable in our

multivariable model, we were unable to further explore the relationship.

Prior research has suggested that high BMI is more strongly related to ER-positive than to

ER-negative breast cancer, particularly among postmenopausal women (9, 12, 25, 26). We

assessed whether the effects of BMI differed by receptor status of the tumor in both post-

and premenopausal women. We found that among postmenopausal women, although neither

reached statistical significance, BMI was more strongly associated with ER-positive breast

cancer than ER-negative breast cancer. Among premenopausal women, elevated hazard

ratios were seen for both subtypes but a significant trend was only found for ER-positive

cancers. These results are consistent and not surprising given that obesity is believed to raise

levels of circulating estrogen thereby increasing the risk of ER-positive cancer. Conversely,

a recent study found a direct association between abdominal adiposity and ER-negative

breast cancer only (27). Our findings for premenopausal women conflict with these results;

however, it should be noted that the number of cases by ER status and BMI classifications

for premenopausal women in our study were too small to conduct any meaningful

evaluations.

According to existing literature, high BMI has been associated with a significantly increased

breast cancer risk in postmenopausal women (3, 5, 6) and is believed to be protective in

premenopausal women (3, 7, 9, 28). There are some possible explanations for why our

results are inconsistent with these findings. One of the most striking differences is that most

of the participants in our study were being treated with tamoxifen or raloxifene, which are

selective estrogen receptor modulators (SERMs). SERMs reduce the risk of breast cancer by

inhibiting estrogen-like activity in the breast. Because of this anti-estrogenic activity, it

could be that the use of SERMs alters the biological pathway by which obesity leads to

increased breast cancer risk. Although the trend remained nonsignificant, the hazard ratios

among postmenopausal women were higher for those taking placebo than for those taking

SERMs. The elevated hazard ratios in the placebo group likely concur with prior studies and

with the estrogen availability theory. The interaction between BMI and treatment with

SERMs was not significant, so we cannot make any definitive conclusions regarding
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differences by treatment groups. However, the results are suggestive of a possible treatment

effect among postmenopausal women and perhaps warrant more investigation in future

studies. In premenopausal women, it is unlikely that chemoprevention was the primary

reason for our contradictory results since we saw hazard ratios greater than 1.0 for

overweight and obese women in both the placebo and treated populations.

Another important difference between the current study and those prior is that our

population consisted of women with a high risk for developing breast cancer. Studies have

shown that having a family history of breast cancer attenuates the inverse association

between obesity and premenopausal breast cancer (4, 12). Thus, there may be some

underlying difference in high risk women that influences the effect of BMI on breast cancer

risk. In addition, most studies have either censored premenopausal women at the time of

menopause or assigned menopausal status at the time of diagnosis of breast cancer. We did

not update menopausal status throughout our study, and thus premenopausal women at entry

may have been postmenopausal by the time of diagnosis. Another difference is the age of

our premenopausal women. A study by Peacock et al. found that the inverse effect of obesity

on premenopausal breast cancer risk was present only among women age 35 and younger

(29). It is believed that this is likely due to anovulatory cycles and the subsequent decrease

in progesterone and estradiol levels (30). In P-1, all women were older than 35 years, and so

may have already been experiencing anovulatory cycles thereby washing out the protective

effect of obesity. However, a study conducted among premenopausal participants of the

Nurses Health Study II (NHS II) found that the inverse association between BMI and breast

cancer risk was not explained by menstrual cycle characteristics, infertility due to ovulatory

disorders, or probable polycystic ovary syndrome (9).

Finally, we cannot rule out detection bias in other studies. It is more difficult to palpate

lumps in obese women with larger breasts than in other women (31). Unless heavier women

undergo regular mammographic screening, they may be more likely to have a delayed

diagnosis compared to women of normal weight. This delay could push the detection of

breast cancer to the postmenopausal stage of life instead of before menopause, causing the

association to look stronger among postmenopausal women (9). Invasive breast cancer was

the primary endpoint in STAR and P-1 and was therefore clearly defined and accurately

documented. Furthermore, all participants were required to undergo regular physical breast

examinations and mammographic screenings, making the current study less likely to be

influenced by detection bias.

There are several limitations affecting our study. Although STAR and P-1 were large

randomized clinical trials with more than 19,000 and 13,000 participants, respectively, the

numbers of cases of breast cancer in each population were limited. It would be advantageous

to have even larger populations with more cases to adequately explore the relationship

between BMI and breast cancer risk by menopausal status, treatment, and ER status.

Because most of our participants were treated with tamoxifen or raloxifene, another possible

concern is a difference in treatment adherence according to BMI. However, a prior

investigation of the P-1 data found no association between BMI and adherence to SERMs

(32). Another limitation may be that we did not require blood tests to verify menopausal

status in P-1; therefore, we did not know definitively the menopausal status for everyone,
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and perimenopausal women could have been classified as premenopausal. Because of this

limitation, we excluded 964 (7.3%) P-1 participants for whom menopausal status could not

be determined (i.e., 50-59 year olds with a prior hysterectomy). Because these women were

not missing at random, we compared their BMI and Gail scores to those of the same age

group from P-1. The distribution of BMI shifted only slightly with medians of 26.6 and 27.0

for those included and excluded, respectively. Furthermore, the breast cancer risks in these

two groups were no different with median Gail scores of 2.66 for those included and 2.72

for those excluded from the analysis. Therefore, it is not likely that the exclusion of these

women impacted the results to a meaningful degree.

Another potential criticism may be that we did not control for levels of physical activity,

which is related to both obesity and breast cancer (33, 34). Physical activity levels were not

collected in STAR, but were collected in P-1. A previous investigation by Land and

colleagues with P-1 data found no association between physical activity and invasive breast

cancer (35). Finally, although a BMI of 30 or more is a common measure of obesity and is

satisfactory for clinical and epidemiological purposes (36), it is unclear whether it is the

most ideal marker of obesity for breast cancer prediction. BMI is a measure of general

obesity, which has been linked to increased levels of estrogen in postmenopausal women.

However, waist circumference and waist-to-hip ratio are better measures of central obesity,

which is related to metabolic changes and insulin resistance (27, 37). Information about

waist and hip circumference was not collected in STAR, but we were able to explore the

relationship between these measurements and invasive breast cancer in P-1 and found no

association in the pre- or postmenopausal populations (data not shown). However, more

studies with multiple anthropometric measurements are needed to determine which ones

may be more accurate markers for breast cancer prediction. Furthermore, we only had

measures of BMI at study entry, which may or may not be a true estimate of long-term

obesity. Some studies have suggested that BMI at age 18 reflects long-term obesity and thus

may be a better marker for breast cancer risk (9, 38). Despite the potential limitations of

using BMI as a marker for obesity, the measurements of height and weight used in STAR

and P-1 may provide more accuracy than studies that rely on self-reported data.

In our population of high-risk women participating in chemoprevention clinical trials, we

found no significant association between breast cancer risk and overweight and obesity

among postmenopausal women, and a significant positive association among premenopausal

women age 35 and older. These results are inconsistent with previous findings reported in

the literature, suggesting that the BMI/breast cancer association may not be the same for all

women. To our knowledge, this is the first study to explore the relationship between BMI

and invasive breast cancer incidence in a randomized clinical trial population of high risk

women who are being routinely screened for breast cancer development. Due to the

selective population and the small number of premenopausal breast cancer cases, more

studies are needed to clarify the relationship between BMI and menopausal status and the

risk of invasive breast cancer. However, our results suggest that overweight and obesity are

not protective among premenopausal women in this population and that maintaining a

healthy weight is likely beneficial for all women at high risk for developing breast cancer.
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Fig 1.
CONSORT diagrams of the Breast Cancer Prevention Trial (P-1) (Fig 1a) and the Study of

Tamoxifen and Raloxifene (STAR) (Fig 1b).
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