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The effect of adiposity on disease outcomes in women with breast cancer 

by Amy Loren Gross 

Abstract 
 
There is accumulating evidence that obesity has a significant role in breast cancer (BC) 

prognosis.  Among women with BC, obesity at diagnosis and weight gain after diagnosis 

may increase risk for BC recurrence and death, and other chronic diseases. Few studies 

have examined the impact of tumor subtype, menopausal status and race on obesity and 

disease outcomes in women with BC.  

 

In this thesis we addressed the following questions: Are women with BC at increased risk 

for weight gain after diagnosis compared to cancer-free women?  What is the effect of 

obesity at diagnosis on BC mortality, among pre- versus postmenopausal women, and 

those with different tumor subtypes? Is this relationship the same in black and white 

women? 

 

First we prospectively examined weight gain over four years in 303 BC survivors 

compared to 307 cancer-free women, matched on age and menopausal status, from the 

same familial risk cohort.  We found that BC survivors gained significantly more weight 

than cancer-free women, and that survivors treated with chemotherapy were more than 

twice as likely to gain at least 11 pounds, an amount of weight gain that increases risk for 

coronary heart disease and diabetes. Next, we used data from the National 

Comprehensive Cancer Network (NCCN) Breast Cancer Outcomes database to 

prospectively study the association between obesity at diagnosis and BC mortality, by 
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menopausal status, tumor subtype, and race, among 18,600 women diagnosed with 

invasive early stage BC. In premenopausal women, obesity was significantly associated 

with increased mortality across all four tumor subtypes (Hormone receptor positive, 

Hormone receptor negative, HER2 positive and triple negative), whereas among 

postmenopausal women, obesity increased risk only among women with Hormone 

Receptor positive disease.  Finally, in race-stratified estimates we showed that obesity 

increased BC mortality significantly in both black and white premenopausal women, after 

adjusting for comorbidities, access to care, and stage at diagnosis.   

 

Our results highlight the importance of monitoring weight in all women with BC as an 

approach to reducing mortality from the cancer itself and other chronic diseases.  This is 

another reason why Public Health efforts to reduce obesity in the US should be strongly 

encouraged. 

 

 

Thesis Advisor: Kala Visvanathan, MBBS, MHS 

Thesis Readers: Lisa Jacobson, PhD, Richey Sharrett, MD, DrPH, Mei-Cheng Wang, 

PhD, Deborah Armstrong, MD 
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Chapter 1: Introduction 
 
Introduction 
 
1.1 Breast Cancer Survivors  

Breast cancer (BC) is the most common cancer diagnosed in women (aside from non-

melanoma skin cancer) and the second most common cause of cancer deaths in women in 

the United States[1]. In 2011, approximately 230,480 new cases of invasive BC were 

diagnosed[2]. The five-year relative survival rate for all age/ethnicity groups combined for 

2001-2007 data was 89.1%[1], reflective of improvements in screening for early detection 

and significant advancements in treatment options (Figure 1.1). At present there are an 

estimated 2.6 million BC survivors living in the US[2] and the health status of this growing 

population has become an important research priority. 

 

In addition, breast cancer is the most common cancer in women worldwide, and comprises 

approximately 25% of all cancers occurring in women globally. It is the most frequent case 

of cancer death in women from less developed countries, and both incidence and mortality 

from breast cancer have been increasing in these regions[3]. 

 

There are a number of different definitions for cancer survivors in the literature and press. 

The National Coalition for Cancer Survivorship defines a cancer survivor as “any person 

diagnosed with cancer, from the time of initial diagnosis until his or her death”[4].  

Therefore, the population of cancer survivors includes those who may be at high and 

imminent risk of cancer recurrence and mortality, as well as those who are at low risk for 

recurrence and will live for decades beyond diagnosis.  In this project we aim to 
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characterize the health risks faced by BC survivors post diagnosis, and thus are focused on 

women diagnosed with early stage BC, the majority of whom will survive at least 5 years. 

 

 

1.2 Factors influencing prognosis in survivors 

Overall the majority of women diagnosed with BC in the US will survive at least 5 years 

post diagnosis, however survival is not consistent across all sub groups. Factors associated 

with BC survival can be broadly categorized into three groups: tumor characteristics, 

receipt of and type of treatment, and patient/host characteristics. 

 

1.2a Tumor characteristics 

BC is a heterogeneous disease and prognosis is strongly associated with tumor features, 

including stage, grade, and subtype (which is defined clinically by presence or absence of 

three different receptors).   

 

Stage  

Breast cancer staging is determined by a combination of: whether the tumor is invasive or 

not, tumor size, involvement of lymph nodes, and presence or absence of distant 

metastases.  The goals of staging at the time of diagnosis are to provide prognostic 

information, and to help guide treatment options. There are two general approaches to 

staging. The first is based on TNM (tumor size, nodal status, and metastases), which is 

used most often in the US, and the second, used more commonly in Europe, is Local, 

Regional and Distant. According to the most recent American Joint Committee on Cancer 
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(AJCC) Guidelines (7th edition) for BC, possible stages are: Stage 0 (meaning the cancer 

is completely in situ, e.g. non-invasive), IA, IB, IIA, IIB, IIIA, IIIB, IIIC, and IV.  Mortality 

is significantly greater with increasing stage.  For instance, nearly 100% of women 

diagnosed with Stage I disease will survive at least 5 years post diagnosis, whereas only 

72% of women diagnosed with stage III will live as long[1]. All stages up to and including 

stage IIIA are considered “early-stage,” as in these cases the breast cancer has not invaded 

beyond the breast and axillary lymph nodes.  

 

Grade  

Tumor grade is determined by the microscopic appearance of tumor cells, (how similar or 

different to normal cells the malignant cells appear), and the proportion of tumor cells that 

are dividing.  Tumors are classified as grade 1, 2, or 3. Tumors containing cells that are 

dividing rapidly with a highly abnormal appearance are considered “poorly differentiated” 

and are classified as the highest grade. Higher grade is independently associated with 

significantly worse disease-free and overall survival in women with invasive operable 

BC[5].  However, low inter-observer agreement of grade has limited its use in prognosis, 

and therefore histologic grade is not included in staging. 

 

 

Tumor subtype  

Beyond stage and grade, BC can be broadly divided into four major molecular subtypes 

that have treatment and prognostic significance.  Clinical subtypes are determined by the 

presence or absence of three different types of receptors on tumor cells: estrogen receptor 
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(ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2).  

Expression of ER and PR (both hormone receptors) is assessed using 

immunohistochemistry (IHC) on tumor tissue samples.  HER2 expression is determined by 

IHC and/or fluourescence in situ hybridization, which detects HER2 gene amplification.  

 

Gene expression studies have likewise differentiated breast tumor subtypes consisting of 

several clusters of genes that often relate to/overlap with expression or lack of expression 

of ER and HER2.  However, there is some discordance in the gene expression defined 

subtypes versus protein expression defined subtypes.  For the purposes of this study we 

will use the clinically defined subtypes, as these are in standard use. 

 

The most common subtype is ER and/or PR positive and HER2 negative.  This subtype, 

also known as Luminal A according to gene expression studies, accounts for about 2/3 of 

all invasive cases diagnosed in unselected populations[6-8]. The primary treatment for 

women with this subtype is five years of hormonal therapy such as tamoxifen and/or 

aromatase inhibitors (AIs) designed to deprive tumor cells of the estrogen they use to grow. 

In addition, women with this subtype may receive chemotherapy and/or radiation therapy 

post-surgery. After adjusting for stage and grade, this subtype has the best prognosis, with 

estimated 5-year BC specific survival of 96%[7]. A second subtype is ER/PR positive and 

HER2 positive, which overlaps strongly with the gene expression defined subtype known 

as Luminal B.  Women with this tumor subtype will also be able to benefit from treatment 

with hormonal therapy.  The expression of HER2 receptors indicates a more aggressive 
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phenotype[9], but also offers the opportunity to be treated with HER2-targeted therapies, 

including Herceptin (trastuzumab).   

 

Women with a third subtype, ER/PR-negative and HER2-positive do not benefit from 

treatment with hormonal therapy as they lack hormone receptor expression, but may still 

benefit from trastuzumab. This clinical subtype overlaps most closely with the gene 

expression based subtype called “HER2-enriched.” Finally, women diagnosed with the 

fourth clinical subtype, which lacks expression of ER/PR and HER2, have the worst 

prognosis relative to women with ER/PR positive BC, independent of age, stage and grade 

at diagnosis[7].  The poorer prognosis is partially attributable to lack of targeted treatment 

options: tumors of this subtype (also known as “triple negative”) do not respond to 

treatment with hormonal therapies or trastuzumab, so most women are limited to treatment 

with a combination of surgery, chemotherapy and/or radiation. Triple negative BC is more 

commonly diagnosed in younger women (premenopausal and/or under age 50 years), 

African-Americans[10], and those with inherited BRCA1 mutations[11].  It should be noted 

that while most triple negative tumors correspond to a unique cluster of gene expression 

termed “basal-like”, there is up to 30% discordance between classification methods for this 

subtype[12].  

 

1.2b Treatments  

Broadly, treatments for BC can be divided into those meant to prevent local growth or local 

recurrence i.e., surgery and radiation, and those designed to treat potential micrometastatic 

disease, i.e., chemotherapy, biologic therapies, and hormonal therapies such as tamoxifen 
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and AIs. In the metastatic setting, these latter treatments also work to keep the disease 

under control.  While the decision of which treatment a patient should receive is largely 

based on tumor characteristics, other factors may influence treatment recommendations 

including likely adherence to treatment, comorbidities, relative contra-indications, and 

biological age related to life expectancy. An older patient with multiple comorbidities and 

relatively short life expectancy may be prescribed a less rigorous treatment regimen than a 

woman with the same tumor characteristics who is younger and in better health.  In other 

instances, patients themselves may opt out of a specific treatment entirely, or fail to adhere 

to a regimen.   Hormonal therapies, which are oral medications to be taken daily for 5-10 

years, reduce 5-year risk of BC recurrence in women with ER-positive BC by 40% and BC 

mortality by over 30%[13]. However, adherence to these therapies is similar to adherence 

to other long-term oral medications, with only 50% of women completing the entire course.  

Notably, a recent systematic review found that black and Hispanic women were less likely 

than non-Hispanic white women to use hormonal therapies as intended[14].  Non-

adherence has also been found to be associated with black race, older age, presence of 

comorbidities, Medicare insurance, and lower net wealth[15]. 

 

1.2c Patient characteristics 

Age and BC mortality  

Two groups of patient characteristics that relate to prognosis are: modifiable and non-

modifiable, or fixed, factors.  Non-modifiable factors influencing survival from BC include 

age and race.  It is well established that being at an “extreme” age at diagnosis (very young 

or elderly) is a poor prognostic factor for BC mortality [16].  Very young may be defined 
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as age < 35 years, and elderly as > 65 years.  Very young women are more likely to die of 

their BC for a number of reasons: they are more likely to be diagnosed with triple-negative 

disease and at a more advanced stage than middle-aged women. However, even after 

adjusting for stage, ER status, grade, and treatment, women diagnosed under age 35 years 

still experience a relative greater risk of BC mortality compared to middle-aged 

women[17].  Older women are also at greater risk of dying of BC, [18, 19], which is at 

least partially attributable to later stage, and presence of comorbidities at diagnosis, which 

may in turn lead to less aggressive treatment or lack of treatment[18, 20].  

 

Race and BC mortality 

Racial disparities in BC mortality also exist.  Notably, while African-American women 

have a lower incidence of BC compared to white women, they experience greater BC 

mortality [2].  One reason for this disparity is differences in tumor characteristics at 

presentation between blacks and whites.  Black women are more likely to present at a 

younger age, at a later stage, and with a greater proportion of ER-negative and triple-

negative tumors than white women[10].  

 

A large matched cohort study conducted in the SEER (Surveillance, Epidemiology and 

End Results)-Medicare database, found several factors that partially explained differences 

in survival between black and white women aged 65 years and older with BC[21].  

Specifically, the 5-year absolute survival difference between blacks and whites was 13% 

when groups were matched on age, year, and site, but dropped to 4.4% after further 

matching on presentation characteristics (tumors characteristics and comorbidities). Thus, 
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although clear survival differences exist between black and white women, in those women 

who are 65 years and older and on Medicare, much of the survival disparity can be 

attributed to differences in presentation.   

 

In another large study of women of all ages within the SEER database, black women were 

less likely to be diagnosed with stage I tumors compared to 7 other race/ethnic groups [22]. 

Importantly however, this study also found that among all women diagnosed with stage I 

tumors, black women were significantly more likely to die of BC than non-Hispanic white 

women, even after adjustment for income and ER status, although the absolute difference 

in risk of death between racial groups was small.  A previous study of women treated for 

BC at National Comprehensive Cancer Centers in the US found that time to BC diagnosis 

following the first sign of abnormality was significantly longer in Hispanic and Black 

women compared to white women[23].  However, this difference accounted for only a 

small proportion of survival differences, with tumor subtype and stage playing a larger 

role. Thus, it appears that the relationship between race and BC survival is complex, with 

disparities arising from both biological/tumor factors, and social factors, such as access to 

care and adherence.   

 

Lifestyle factors  

Physical activity has been shown consistently to reduce mortality and progression in BC 

survivors.  In numerous prospective cohort studies, BC survivors participating in physical 

activity experienced significant reductions in both BC-specific and overall mortality, 

compared with inactive survivors [24-28]. Those survivors who exercised at least 8-9 
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MET-hrs (metabolic equivalence task hours) per week post diagnosis, for instance, were 

consistently found to have a 35-70% reduction in BC mortality compared to survivors who 

did not exercise at all[24, 26-29].  An example of physical activities that would meet this 

level of MET-hrs would be 2 to 3 hours of moderate to brisk walking or 1.5 to 2 hours of 

bicycling per week[30]. 

 

Obesity 

Overweight and obesity are defined as an excess of weight above what is considered 

healthy for a given height.  Body mass index (BMI), a ratio of weight to height, is a 

commonly used and easily obtained measure of adiposity.  The formula for BMI is 

weight/height2, (kg/m2). The World Health Organization has published well-defined BMI 

cut-offs, established for use in population studies[31] (Table 1). 

There is increased risk of comorbidities with a BMI in the overweight range, and even 

greater risk with a BMI in the obese range[31].   Because the risk for certain comorbidities 

such as diabetes is increased in some Asian populations at lower BMI cut-points than what 

has been seen in other ethnic groups, there is debate over whether and how far cut-points 

should be lowered in Asian populations. (The WHO Consultation convened in 2004, 

however, recommends that the current BMI cut-off points should be retained as the 

international classification, as more data are needed to establish ideal cut points in different 

Asian sub populations.) 

Obesity and breast cancer risk 
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Obesity and adult weight gain are established risk factors for breast cancer in 

postmenopausal women, particularly among postmenopausal women who have never used 

hormone replacement therapy [32-40].  Conversely, obesity in premenopausal women 

appears to protect against developing breast cancer, at least until age 45[41, 42].  One 

hypothesis for the opposite associations between weight gain/obesity and BC risk by 

menopausal status is the relationship between obesity and estrogen in pre versus 

postmenopausal women.  Obese premenopausal women are more likely to experience 

interruptions in their ovulatory cycles, which could lead to less exposure to estrogen over 

time, reducing risk for breast cancer.   Obese postmenopausal women, on the other hand, 

have more adipose tissue than lean postmenopausal women, and therefore more aromatase 

expression.  Aromatase is an enzyme expressed in adipose tissue that is responsible for 

converting circulating androgens to estrogens.  Therefore, excess adipose tissue in 

postmenopausal women could serve as a reservoir for excess estrogen production and 

exposure, leading to increased BC risk.  Additional mechanisms that could underlie the 

association between obesity and breast cancer risk are excessive production of insulin and 

activation of insulin-growth like factor (IGF) axis[43], and increased inflammatory 

adipocytokine levels in obese women[44]. 

 

Obesity and BC prognosis 

Numerous observational studies have examined the association between obesity at 

diagnosis and BC-specific and all-cause mortality.  A recent systematic review and meta-

analysis of 82 studies found that, compared with women who were normal weight at 

diagnosis, obese women were 35% more likely to die of breast cancer, and 41% more likely 
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to die of any cause[45].  The relative risks for overweight women compared to normal 

weight women were also significantly elevated, although to a much smaller degree (7% 

increased risk for BC-specific mortality and 11% increased all-cause mortality). There was 

evidence of a J-shaped association between BMI at diagnosis and overall mortality, 

suggesting that underweight women are at slightly greater risk of death compared to normal 

weight women. In contrast, the relationship between BMI at diagnosis and BC-specific 

mortality was linear, with no significant increase in risk at the lower end of the BMI scale.  

There was clear evidence of a dose-response relationship between increasing BMI and 

increasing risk of both BC-specific and all-cause mortality, when underweight women 

were excluded; for both outcomes, each 5 kg/m2 increase in BMI was associated with a 

17% increased risk for overall mortality and an 18% increased risk for breast cancer 

specific mortality.  

 

An important consideration is that there was substantial heterogeneity across the study 

populations and designs included in this meta-analysis. Eleven studies were follow-up 

analyses from randomized clinical trials, where participants were selected on variables 

such as menopausal status, ER status and/or nodal status by design[46-56].  Most of the 

observational studies included premenopausal and postmenopausal women together, or 

women with ER+ and ER- disease, although the majority did not stratify by menopausal or 

receptor status in examining associations between obesity and mortality. This is significant 

because studies conducted exclusively in one subtype versus another show discordant 

results, suggesting the effect of obesity on BC mortality may be modified by subtype. In 
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addition, most of the studies to date have been conducted in majority non-Hispanic white 

women.   

 

By hormone receptor status and menopausal status. A 2012 meta-analysis combined 

hazard ratios (HR) for 21 studies that explicitly examined the association between obesity 

and BC-specific mortality and overall mortality by ER status, and/or menopausal 

status[57].  The meta-analysis found that for all groups (ER+, ER-, premenopausal and 

postmenopausal), obesity was significantly associated with increased overall mortality.  

Notably, the association between obesity and breast cancer specific mortality was not 

statistically significant among premenopausal women (pooled HR 1.18 [95% CI 0.82-

1.70]), but was significant for postmenopausal women, women with ER positive disease, 

and borderline significant for women with ER negative disease (pooled HR 1.46 [95% CI 

0.98-2.19]). Although the pooled HR for obesity and overall mortality for ER+ disease was 

somewhat higher than that for ER- disease (1.31 [1.17-1.46] vs. 1.18 [1.06-1.31]), there 

was no statistically significant interaction.  Similarly, the pooled HR for obesity and overall 

mortality was slightly greater in premenopausal (1.23, 1.07-1.42) than in postmenopausal 

women (1.15, 1.06-1.26), these differences were not statistically significant. Estimates for 

additional subgroups, such as by race, or for combinations of menopausal status and ER 

status (i.e. ER+ premenopausal women) were not available or included. Few studies have 

been conducted in women with triple negative disease, and findings among this group have 

been largely null[46, 58].  One reason for these findings could be lack of power – most 

studies have small numbers of women with triple negative breast cancer, although Dawood 

et al. studied 2300 women with triple negative disease and found null results[58].  Another 
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possible issue is that women with triple negative disease have relatively high mortality 

rates overall, and so detecting a difference across BMI categories may be difficult. Finally, 

it is possible that results would differ by menopausal status in these women.  Only one 

study, conducted among 1100 Chinese women, has stratified analyses in triple negative 

women by menopausal status, and they found that only premenopausal women were at 

greater risk for breast cancer mortality if they were overweight compared to lean 

women[59].  Results were null among postmenopausal women. 

 

By race 

Although it is well recognized that the prevalence of overweight and obesity is steadily 

increasing over time in the US and other developed countries, black women in particular 

are the most disproportionately affected group. In the latest analysis of the National Health 

and Nutrition Examination Survey (2011-2012), the age-adjusted prevalence of overweight 

(BMI > 25 kg/m2) was 82.0% among non-Hispanic black women versus 63.2% among 

non-Hispanic white women[60].  The prevalence of obesity was 56.6% in black women, 

compared to 32.2% in white women, and 16.4% of black women were morbidly obese 

(BMI > 40 kg/m2) compared to 7.4% of white women. As discussed above, black women 

are also more likely to die of BC than white women[2], and black women still experience 

a survival disadvantage compared to whites even when restricted to women with stage I 

tumors[22].  These findings have led some to hypothesize that obesity at BC diagnosis may 

mediate the association between black race and poor survival in women with BC. Three 

studies have explicitly examined the association between obesity and mortality in black 

and white BC survivors by race[61-63].  Two of these studies[61, 62] were incorporated 
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into the pooled analysis[63]. One of these studies was conducted among postmenopausal 

women in the Multiethnic Cohort study, and found that pre-diagnostic obesity was 

significantly associated with increased all-cause and BC-specific mortality overall, 

although being overweight was not[62].  In analyses stratified by race/ethnicity, the 

increased risk remained significant only for Caucasian women, although trends for 

increased risk with obesity were observed across the other ethnic groups.   The study was 

limited by missing ER status in 31% of cases and lack of information on comorbidities.  Lu 

et al. evaluated the association between obesity (as measured by BMI 5 years prior to 

diagnosis) and survival among black and white women with invasive BC aged 35-64 

years[61].  In this study, black women overall were significantly more likely to die of BC 

or any cause. Obesity as measured 5 years prior to diagnosis was associated with increased 

risk for both BC-specific and all-cause mortality overall.  In estimates stratified by race, 

obesity was significantly associated with both BC-specific and all-cause mortality among 

white women; estimates among black women were null.  Further, the trends for black 

women and white women were statistically significantly different from one another.  In a 

mediation analysis, the authors found that BMI did not mediate the association between 

black race and increased mortality, after adjustment for age, education, tumor 

characteristics, study site, and comorbidity.   

 

Finally, Kwan et al. (2014) performed an analysis of prediagnostic body size and mortality 

by race/ethnicity in BC survivors from the California Breast Cancer Survivorship 

Consortium, a pooled study of 3 population-based case-control studies and 3 prospective 

cohort studies[63].  BMI was derived from self-reported or measured weight and height at 
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least 6 months prior to BC diagnosis (up to a mean of 5 years prior to diagnosis for 3 of the 

6 studies).  They found that survivors who were underweight (BMI < 18.5 kg/m2) or 

morbidly obese (BMI > 40 kg/m2) had significantly greater risk of both BC-specific and 

all-cause mortality compared to normal weight survivors overall.  However, there was no 

significantly increased risk of death associated with intermediate categories of BMI 

(overweight, obesity, or severe obesity).  Upon stratification by race/ethnicity, similar 

associations were observed among the non-Latina white women and Latinas, but not 

among African-American women, for whom there was no association between any level 

of overweight/obesity and mortality.  Stratification by ER/PR status did not reveal 

statistically significant interactions of BMI and BC-specific mortality, although the number 

of outcomes in some categories was small.  Further, no significant interactions were found 

by menopausal status, or by hormone receptor and menopausal status within race/ethnic 

groups.  Although this study was large (over 11,000 women), multiple stratifications 

resulted in some lack of power to detect associations. Further limitations of this study 

included missing ER/PR status on 15% of cases, the lag time between BMI ascertainment 

and BC diagnosis, and lack of details on treatment, such as dose and duration.   

 

Notably, the proportion of black women who were obese in these three studies was 

substantially lower than what is currently seen in the general US population.  While 56% 

of non-Hispanic black women in the US were obese, according to 2011-2012 estimates, 

the prevalence of obesity among black women in these cohorts ranged from 27%[61] to 

just below 40%[62, 63].  Although these studies took place in cohorts that were assembled 

in the 1990s and 2000s, prevalence of obesity and overweight in the non-Hispanic black 
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population during 1999-2010 in the general population was just as high as what has been 

seen more recently[64].  Therefore, these previous studies may not be generalizable to the 

growing population of overweight and obese women, particularly black women.  

 

Weight gain in BC survivors 

Numerous studies have reported on weight gain in BC survivors post diagnosis.  Most of 

these studies have been comprised exclusively of survivors, with no comparison to 

controls. Almost all survivor-only studies have reported an increase in weight (ranging 

from 0.1 to 10 kilograms) over time (from 6 months to 7 years)[65].  Some, although not 

all, studies found that receipt of chemotherapy, and younger age and/or premenopausal 

status at diagnosis were associated with greater weight gain among survivors. However, 

the variable amounts of follow-up time, as well as heterogeneity in how and when weight 

was measured in relation to BC diagnosis, has made it difficult to compare and summarize 

weight changes across studies.  In addition, lack of comparison to a control group has made 

it impossible to ascribe the weight gain observed in these studies to being a BC survivor 

(i.e. “survivor status”) and type of treatment received, versus the effects of aging or 

undergoing menopause.  

 

Two studies that did compare change in weight over time in BC survivors to that of controls 

did not report a significant difference between groups.  These studies both had limitations.  

One study had a small sample size and only 6 months follow-up[66].  The other study, 

while more robust, did not perform analyses stratified by treatment in their comparison to 

controls[67].  
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Prognostic impact of weight gain in BC survivors 

A number of studies have examined the relationship between post-diagnosis weight change 

in BC survivors and prognosis (BC recurrence, BC specific- or overall mortality)[68-73]. 

In one prospective study of over 5000 BC survivors, increased in BMI of at least 2.0 kg/m2 

after diagnosis was associated with increased risk for BC recurrence, BC death, and all-

cause mortality, although this relationship was only observed in never-smokers[68].  

Another study found some evidence of elevated risk for BC recurrence and all-cause 

mortality only as a result of large weight loss (> 10%) compared to survivors who remained 

weight stable [69]. This study found no association between weight gain and mortality. The 

association for weight loss with mortality was somewhat stronger for women who were 

obese at diagnosis compared to normal weight. Nichols et al. found that weight gain was 

associated with increased risk for all-cause, BC-specific, and cardiovascular disease 

mortality, and these associations were not modified by prediagnosis BMI or smoking [70].  

Bradshaw et al. observed increased risk for both BC-specific and all-cause mortality for 

women who either lost or gained weight post-diagnosis [72], and another study found 

increase in risk for both recurrence and BC mortality as a result of any weight change > 

5% (combining weight losers and gainers in the same category)[71].  

 

1.3 Outline of the dissertation 

In the chapters that follow, we study the effect of adiposity on disease outcomes in women 

with breast cancer. In Chapter 2 we prospectively examine patterns of weight change in 

breast cancer survivors compared to cancer-free women, from the same high familial risk 
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cohort.  Next, in Chapter 3, we examine the association between obesity at breast cancer 

diagnosis and breast cancer mortality, by menopausal status and tumor subtype, in a large 

cohort of women seen at National Comprehensive Cancer Centers across the United States.  

In Chapter 4, we study the relationship between obesity at diagnosis and breast cancer 

mortality by race and menopausal status at diagnosis.  Finally, Chapter 5 provides a 

synthesis of our findings, their significance to public health, and directions for future 

research. 
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Chapter 1 Tables and Figures 
 
Table 1.1 World Health Organization Body Mass Index (BMI) cut-points. 

BMI range, kg/m2 Category 
< 18.5 Underweight 
18.5-24.9 Normal weight 
25.0-29.9 Overweight 
30.0-34.9 Obese class I 
35.0-39.9 Obese class II 
> 40.0 Obese class III 

 
 
 

 
 
Figure 1.1 Changes in age-adjusted breast cancer incidence and mortality in the U.S. 
from the Surveillance, Epidemiology, and End Results (SEER) Program from 1975-2012. 
Generated from SEER Fast Stats: An interactive tool for access to SEER cancer statistics. 
Surveillance Research Program, National Cancer 
Institute.  http://seer.cancer.gov/faststats. (Accessed on 10-12-2015)  
 

http://seer.cancer.gov/faststats
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Chapter 2: Weight change in breast cancer survivors compared to cancer-free 
women: a prospective study in women at familial risk of breast cancer 
  

Abstract 
Background This study prospectively examines weight gain in breast cancer (BC) 

survivors compared to cancer-free women from a familial risk cohort. 

Methods Absolute and percent weight change over 4 years was compared among 303 BC 

survivors and 307 cancer-free women matched on age and menopausal status, from the 

same familial risk cohort. Linear and logistic regression was used to estimate the 

association between survivor status and weight gain.  

Results Overall, BC survivors gained significantly more weight (β = 3.06 pounds, 95% 

confidence interval (CI) 0.94, 5.17) than cancer-free women. Significant weight gain was 

observed in survivors diagnosed less than 5 years prior to baseline (β = 3.81 pounds, 95% 

CI 1.22, 6.29) and women with estrogen receptor (ER) negative tumors (β  = 7.26 pounds, 

95% CI 2.23, 12.30). Further, survivors treated with chemotherapy were 2.1 times more 

likely to gain at least 11 pounds during follow-up compared to cancer-free women (OR = 

2.10, 95% CI 1.21, 3.63). Weight gain was even greater among survivors who took statins 

while undergoing chemotherapy treatment (p for interaction = 0.01).   

Conclusion This is the first study to demonstrate that weight gain is an important issue in 

BC survivors with a familial risk; further, that in the first five years post-treatment, BC 

survivors gain weight at a faster rate than cancer-free women, particularly after 

chemotherapy and statin use but not after hormone therapy alone.  

Impact Our findings provide support for the development of weight gain interventions for 

young BC survivors with a familial risk. 
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Introduction  
Weight gain after breast cancer (BC) diagnosis has been commonly reported in studies of 

BC survivors,[1] although comparisons to cancer-free women are limited. It is still unclear 

whether BC survivors gain more weight than their cancer-free peers over the same period 

of time and to what degree factors such as early menopause or age confound this 

association. In cancer-free women, adult weight gain is an established risk factor for 

postmenopausal BC [2-4] and has been associated with increased risk for cardiovascular 

disease and diabetes[5, 6]. In studies among BC survivors alone, the frequency of weight 

gain ranges from 27-100%, and is on average between 1 and 6 kg, over a follow-up time 

of a few months to seven years [1]. Younger age at diagnosis and/or earlier age at 

menopause, and receipt of adjuvant chemotherapy, appear to increase risk for weight gain 

[7, 8].  

 

Among survivors, weight gain and higher body mass index (BMI) have been associated 

with an increased risk for a second primary cancer[9] and weight gain has been shown to 

increase risk for BC recurrence [10-12] . Notably, chemotherapy is the treatment most 

consistently associated with weight gain in survivors, and may be due to a reduction in 

physical activity [13, 14] or metabolic disturbances such as insulin resistance [15-17] and 

increased inflammation[18, 19] . Only two studies, with mixed results, have compared 

weight gain in survivors to cancer-free women [20, 21].   
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Survivors with a family history of BC are a distinct subset of the BC survivor population 

that has been less studied. Comprising about 20% of survivors, they are often diagnosed at 

a young age or with hormone negative tumors and may undergo early menopause due to 

chemotherapy or ovarian suppression/removal [22, 23]. Compared to older survivors, they 

are also more likely to experience depression[24], a risk factor for weight gain. On the 

other hand, these women are highly motivated when it comes to cancer screening, as they 

are at a higher risk of a second breast cancer[25]. 

 

In this study we examine whether BC survivors with a familial risk experience a greater 

weight gain trajectory post diagnosis compared to women without cancer. 

 

 

 

Methods 
Study Participants  

The Breast and Ovarian Surveillance Service (BOSS) Cohort Study is an ongoing 

prospective study consisting of women and men with a familial risk for breast and/or 

ovarian cancer, recruited in 2005-2013 from the cancer genetics clinic at the Johns Hopkins 

Sidney Kimmel Comprehensive Cancer Center.  At enrollment, after informed consent was 

obtained, participants were asked to complete an extensive baseline questionnaire on 

demographic characteristics, weight, height, lifestyle factors including physical activity, 

and BC risk factors, cancer history and treatments, and medication use.  A detailed family 

history and plasma, serum and DNA samples were obtained at this time. Follow-up 
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questionnaires are administered every 3 to 4 years and have been completed for > 90% of 

participants enrolled in 2005 through 2010. All cancer diagnoses have been pathologically 

confirmed and all treatment information was confirmed by medical record. 

 

Study Eligibility  

Women who had enrolled in the cohort and completed a baseline questionnaire and at least 

1 follow up questionnaire through December 31, 2013 were included in the study (n=938).  

In addition women had to have either: 1) a family history of breast or ovarian cancer, 2) a 

documented deleterious BRCA1/2 mutation, or 3) a diagnosis of breast cancer at age < 40 

years, and 4) provided height and weight on baseline questionnaire (n=911). Survivors 

were eligible if they had a personal history of BC (ductal carcinoma in situ [DCIS] or stage 

I-III BC) treated with surgery at any time prior to baseline (n=303).  Eligible cancer-free 

women based on the study inclusion criteria were frequency matched to survivors on age 

and menopausal status (n=307), to ensure a similar distribution of these strong confounding 

factors between the two groups.  

 

Statistical Analysis 

Baseline characteristics of survivors and cancer-free women were compared using t-tests 

for normally distributed continuous variables and Wilcoxon rank-sum test for continuous 

variables without a normal distribution. Categorical variables were compared using the 

Chi-squared or Fisher’s exact tests.  
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Figure 2.1 outlines the study design. Survivor status was stratified by the time (in years) 

that had elapsed between BC diagnosis and baseline questionnaire completion; two 

categories were defined by clinically relevant milestones in relation to recurrence risk: < 5 

years or > 5 years. Absolute weight change was calculated by subtracting baseline weight 

(T1) from follow-up weight (T2) for both survivors and cancer-free women. In addition, 

weight change was defined as percent weight change (follow-up weight – baseline 

weight/baseline weight) x 100, and as a binary outcome: weight gain of less than/greater 

than 5 kg. In a subset of participants, Pearson correlation coefficient was used to calculate 

correlation between baseline weight and clinic-measured weight among those who had 

clinic visits within 3 months of T1 (n=81).   

 

Multivariable linear regression models were used to estimate the association of survivor 

status and change in weight.  Logistic regression was used to estimate the association of 

survivor status with weight gain of > 5 kg or < 5 kg, and > 5% or < 5% weight gain.  

Potential confounders such as age, baseline body mass index (BMI), enrollment year, 

menopausal status, statin use, and baseline physical activity (measured by metabolic 

equivalence tasks [METs])[26] were included in adjusted models. Women who had a 

hysterectomy alone (i.e. without oophorectomy) before menopause (n=53) were assigned 

a menopausal age of 50 years, based on the mean age of natural menopause among cancer-

free women. Stratified models were used to examine if the association between survivor 

status and change in weight differed by estrogen receptor (ER) tumor status, menopausal 

status at diagnosis versus baseline (premenopausal at both diagnosis and baseline; 

premenopausal at diagnosis and postmenopausal at baseline, or postmenopausal at 
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diagnosis), and according to BC treatment category. An interaction term between family 

history and survivor status was included in the main models to account for modest 

differences in the family history of women with and without BC that are seen in high-risk 

clinics. Interaction terms were added to multivariable models to test for potential 

interactions between baseline BMI category (18.5-25 kg/m2 and > 25 kg/m2) and survivor 

status on weight gain, as well as between statin use and survivor status on weight gain. The 

Wald test was used to evaluate statistical significance of all interaction terms. All analyses 

were performed using Stata (version 13; StataCorp LP, College Station, TX).   

 

Results   
The baseline characteristics and matching factors are described in Table 2.1. The average 

age of survivors and menopausal status was similar between the two groups.  Twenty five 

percent of both groups were premenopausal. Age at menopause was younger than in the 

general population [27], but did not differ significantly between groups, with a mean of 

48.0 years in survivors and 48.9 years in cancer-free women. BRCA1/2 mutation carrier 

status among those tested (n=357) was similar between groups. Sixty eight percent of 

survivors and 72% of cancer-free women reported baseline physical activity levels that met 

American College of Sports Medicine and the American Heart Association 

recommendations at baseline (at least 500 MET-minutes, or 8.3 MET-hours per week)[28], 

BMI category at T1 did not differ between groups; nor did the proportion of women who 

were overweight or obese at T1 or age 16. Statin use was reported by 19.8% of survivors 

and 22.8% of cancer-free women; duration of statin use did not differ significantly between 

groups.   
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Half of all survivors reported receiving chemotherapy, and approximately two-thirds 

received hormonal therapy (Table 2.1). In addition to self-reported weight, we also had 

information on measured weight obtained from clinic visits within 3 months of T1 for 81 

survivors. There was a high correlation between the self-reported and measured weight, 

irrespective of time since diagnosis (r = 0.98).  

 

In age-adjusted linear regression models, survivors had a higher mean weight gain than 

cancer-free women (β = 2.84 pounds, 95% CI 0.75, 4.93). This difference persisted in 

multivariable models (β = 3.24 pounds, 95% CI 0.63, 5.85) after adjusting for age, 

menopausal status, BMI at T1, enrollment year, statin use, physical activity, and family 

history (Figure 2.2a).  In analyses stratified by time since diagnosis, a significant weight 

gain of 3.81 more pounds (95% 1.33, 6.29) was observed in women diagnosed with BC in 

the last 5 years only.  In survivors diagnosed with ER- invasive disease, weight gain was 

also significantly greater than in cancer-free women (β = 4.45 pounds, 95% CI 0.45, 8.45).  

The greatest weight gain was seen in survivors diagnosed with ER- invasive BC in the past 

5 years compared to cancer-free women (β  = 7.26 pounds, 95% CI 2.23, 12.30) (Fig. 2c). 

This same pattern was not observed in ER+ invasive BC survivors, for whom modest 

weight gain persisted over time (Figure 2.2b). 

 

In logistic regression models, survivors diagnosed less than 5 years prior to T1 were twice 

as likely as cancer-free women to have gained at least 11 pounds over follow-up, (OR = 

2.07, 95% CI 1.22, 3.50), whereas survivors diagnosed > 5 years prior to T1 had no 
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significantly increased odds (Table 2.2). To compare our findings with other studies we 

also evaluated association based on a 5% weight gain.  Survivors diagnosed with BC within 

5 years prior to T1 had 66% greater odds of gaining at least 5% of their baseline weight.  

Risk ratios for both the 11 pound weight gain, and 5% weight gain were slightly attenuated 

compared to the ORs, but remained statistically significantly elevated for the survivors 

diagnosed in the last 5 years (RR = 1.80, 95% CI 1.18-2.75, and RR = 1.45, 95% CI 1.04-

1.93, respectively). Of note, sensitivity analyses, excluding survivors who had been 

diagnosed with a new primary cancer (n=77), yielded similar results to the main analyses. 

 

Next we examined weight gain in survivors versus cancer-free women, stratified by 

menopausal status at diagnosis. Premenopausal survivors gained significantly more weight 

than premenopausal cancer-free women (p = 0.03); particularly those women diagnosed in 

the 5 years prior to T1 (β = 5.55 pounds, 95% CI 1.13, 9.98) (Figure 2.2d). Survivors who 

were postmenopausal at time of diagnosis gained 4.17 more pounds (0.71, 7.63) than 

postmenopausal cancer-free women over follow-up (Figure 2.2f). There was no difference 

in weight gain in survivors who became postmenopausal after diagnosis compared to 

postmenopausal cancer-free women (Figure 2.2e).  

 

We then evaluated the effect of treatment on weight gain.  Significant weight gain was seen 

in survivors who had received adjuvant chemotherapy +/- hormone therapy (β = 4.26, 95% 

CI 1.49, 7.02) when compared to cancer-free women. Treatment with chemotherapy alone 

was associated with even greater weight gain (7.86 [95% CI 1.85, 13.87] pounds). 

Survivors treated with chemotherapy within 5 years prior to T1 gained 5.58 (95% CI 2.13, 
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9.03) more pounds than cancer-free women, whereas no significant weight gain was 

observed in survivors treated with chemotherapy more than 5 years prior to T1 (Table 2.3). 

Weight gain in survivors who had received hormone therapy alone, or surgery alone, did 

not differ significantly from that seen in cancer-free women.  

 

Among women who were overweight/obese at T1, survivors appeared to have a more 

sustained weight gain over time compared to cancer free women (Figures 2.3a and 2.3b).  

This was observed particularly among chemotherapy-treated survivors (Figures 2.3c and 

2.3d), and not among survivors receiving hormonal therapy alone (Figures 2.3e and 2.3f).  

We were unable to evaluate the effect of chemotherapy versus hormone therapy alone on 

weight gain among survivors, as there was very little overlap in predictors of each treatment 

type (i.e. ER status, age at diagnosis, and stage). In additional analyses stratified by BRCA 

status, we found that in BRCA positive women, survivors gained significantly more weight 

than cancer-free women; the point estimate was higher than what we observed overall, but 

the confidence intervals for these estimates overlapped (Appendix Table A.1).  

 

Finally, we examined the effect of statin use, a drug with anti-inflammatory properties, in 

survivors treated with chemotherapy, as a potential preventive agent (Appendix Table A.2). 

We observed that chemotherapy-treated survivors who used statins had the greatest weight 

gain when compared to cancer-free women who used statins, chemotherapy treated 

survivors who had never used statins and cancer-free women who never used a statin (p 

for interaction = 0.01). 
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Discussion 
The prevalence of overweight/obesity in women with a familial breast cancer risk, 

irrespective of whether they had BC, was high (55.1% of cancer-free women and 46.9% of 

survivors).  In this prospective study we observed that BC survivors gained weight at a 

greater rate than their cancer-free peers, particularly if they received chemotherapy for an 

ER negative tumor or were within 5 years of their diagnosis.  Women who completed 

chemotherapy within 5 years of enrollment were more than twice as likely as cancer-free 

women over the same period to have gained at least 11 pounds. This amount of weight gain 

has been associated with a significantly increased risk for coronary heart disease and 

diabetes in women.  Post diagnosis weight change in survivors alone has been associated 

with prognosis (BC recurrence, BC specific- or overall mortality)[11, 12, 29-32].  

 

This is one of only a few studies that have been able to compare weight change in BC 

survivors to cancer-free women within the same cohort of women, and the first study to 

evaluate weight change in women with a familial risk of BC.  The design of this study 

enabled us to examine the association of prior BC treatment and its sequelae with weight 

gain, independent of the impact of advancing age, which is a strong confounder. Two prior 

studies conducted in the general population have examined weight gain in BC survivors 

compared to cancer-free women [20, 21]. While both studies observed weight gain over 

time for the overall study population, neither study found significantly greater weight gain 

in the survivors compared to cancer-free women.  The first of these studies compared 

weight change in 20 women diagnosed with BC and undergoing chemotherapy to 51 

healthy controls during a 6-month follow-up period.   A modest amount of weight gain was 

observed in the premenopausal survivors during the 6-month post-treatment follow-up, but 



 35 

this weight gain did not differ significantly from that in controls [20]. While the authors 

did find significant changes in body composition among the BC patients, including increase 

in body fat percentage and decrease in fat-free body mass, the same measurements were 

not done on the controls. The second study compared weight change over a mean of 6 years 

of follow-up in Hispanic and non-Hispanic White BC survivors (n=305) and cancer-free 

women (n=345) [21].  The authors analyzed weight gain as > 5% increase from baseline 

body weight, and found no significant difference between women with and without cancer 

history in adjusted models irrespective of treatment. The women in this study were less 

likely to have received chemotherapy compared to our study population (43% versus 52% 

in our study), were older at baseline (mean age 57 years versus 53 years in our study) and 

were more likely to be overweight and obese at baseline.  Previous studies of BC survivors 

alone have observed greater weight gain among women at a lower BMI at the time of 

diagnosis [8]; however, in analyses stratified by BMI category, we did not observe a 

significant difference in estimates for weight gain between the groups.  

 

The greatest weight gain in our study was seen among chemotherapy-treated survivors, and 

in particular those survivors treated within 5 years prior to T1, This finding corroborates 

some previous studies limited to survivors only, (reviewed by Vance et al[1]), and confirms 

that the weight gain is not related to increasing age or change in menopausal status.  We 

observed a greater than 11 pound weight gain in 21% of the women treated with 

chemotherapy. This amount of weight gain is shown to have serious implications for future 

risk of coronary heart disease. In a study of healthy women, adult weight gain of at least 5 

kg from age 18 years was associated with a 25% or greater risk for coronary heart disease 
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[5]. In comparison with weight maintenance, weight gain of 5-10 kg during adulthood has 

also been associated with significantly increased risks for hypertension[33], and type 2 

diabetes in women [6, 33]. The mechanisms underlying chemotherapy-induced weight gain 

have not been fully elucidated. One line of evidence suggests that chemotherapy may result 

in unfavorable changes in body composition such as sarcopenic obesity, which is 

associated with unfavorable metabolic alterations[34] including decreased growth 

hormone production, increased insulin resistance and inflammation[35],[18] or direct 

damage to tissues.  

 

Our finding that survivors taking statins actually gained more weight than both cancer-free 

women taking statins, as well as non-statin users, deserves further study. The differential 

weight change by survivor status for statin users (survivors gained weight while cancer-

free women lost weight) appears to be predominantly in women who received 

chemotherapy.  Although there is evidence that statins can suppress inflammation[36], they 

also appear to modestly increase risk of diabetes[37], potentially through decrease in 

insulin sensitivity. In a small, randomized trial of otherwise healthy women with polycystic 

ovarian disease, the group treated with atorvastatin was found to have a significant decrease 

in C reactive protein (CRP), but also a significant decrease in insulin sensitivity compared 

to women who received placebo[38]. It is plausible that statins exert the same effect on BC 

survivors who are treated with chemotherapy and this counteracts the positive effect statins 

have on obesity-associated inflammation.  
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Limitations of our study include the fact that the vast majority of our cohort is white, 

preventing us from making inferences about change in weight in high-risk survivors of 

other racial or ethnic background. In addition we relied on self-reported weight, which may 

be subject to bias or measurement error.  Previous large studies however have shown that 

while self-report of weight compared to measured weight may not be fully accurate, they 

are highly correlated, and most discrepancies are small, averaging 3 to 4 pounds among 

women [39, 40] and the majority of misclassification of self-report versus measured BMI 

falls within one BMI unit [41, 42]. In the subset of our participants that we were able to 

compare self-report weight with measured weight the correlation was high. Importantly, in 

this high-risk cohort we believe that self-reported weight is unlikely to differ by exposure 

group given that the majority of women participate in regular annual and bi-annual 

screenings for cancer and other chronic diseases, regardless of cancer history. Our study 

has several strengths, including its prospective nature and the direct comparison to a 

cancer-free group recruited from the same cohort.  

 

In summary, this is the first study to demonstrate that weight gain is also a concern among 

BC survivors with a familial risk, where the focus is often on prophylactic surgeries and/or 

intensive screening. Further, in this high-risk population, BC survivors gain weight at a 

faster rate than cancer-free women with the same familial risk. The finding that survivors 

treated with chemotherapy were the most likely to experience rapid weight gain compared 

to cancer-free women, after controlling for age and menopausal status, suggests that the 

underlying etiology is likely to be related to the treatment. Weight gain interventions 
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should also be evaluated in this high-risk population.  Further follow up of this high-risk 

population is ongoing. 
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Chapter 2 Tables 
Table 2.1. Baseline and follow-up characteristics of cancer-free women and breast cancer 
survivors from the BOSS Cohort Study. 

    

  Cancer-free (n=307) Survivors (n=303) p-value 

Age, mean y (SD) 53.8 (11.2) 54.0 (9.9) 0.8 

Menopausal status, %   0.69 

Premenopausal 26.7 25.1  

Postmenopausal, non surgical 55.7 59.1  

Postmenopausal, surgical 17.6 15.8  

Age at menopause, mean y (SD) 48.9 (6.6) 48.0 (5.3) 0.11 

Race, %   0.39 

Black 5.2 4.6  

White 93.2 92.1  

Other 1.6 3.3  

Education, 4-year college or greater, % 73.6 75.8 0.55 

BRCA status1, %   0.24 

Negative 64.7 71.3  

Positive 34.5 26.7  

Variant of uncertain significant 0.9 2.1  
BMI category (kg/m2):   0.22 

Normal (18.5-24.9) 43.3 51.5  
Overweight (25-30) 34.2 30.4  
Obese (> 30) 20.9 16.5  

    
BMI category at age 16 y (kg/m2):   0.09 

Normal (18.5-24.9)  73.4 71.4  
Overweight (25-30) 5.4 2.1  
Obese (> 30) 0.3 1.1  
Missing 3.3 6.6   

Physical activity at baseline, mean 
MET-hrs/week (SD) 27.3 (30.1) 25.5 (31.8) 0.47 
Physical activity at baseline: > 8.3 
MET-hrs/week2, % 71.7 68.3 0.37 

Hypothyroid disease, % 15 11 0.28 

Diabetes, % 6.5 5 0.41 

High cholesterol, % 35.8 33.3 0.81 

Statins3 ever use, % 22.8 19.8 0.37 
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Duration of statin use, mean y (SD) 6.6 (5.9) 5.1 (4.7) 0.13 

Age at BC diagnosis, mean y (SD) - 48.2 (9.9) - 
Time from diagnosis to baseline, mean 
y (SD) - 5.6 (6.5) - 

Invasive cancer (stage I-III), % - 81.9 - 

Estrogen receptor status4, %:    

Positive - 70.6 - 

Negative - 23.4 - 

Missing/Untested - 6.3 - 

Triple negative BC5, % - 15.9  

BC treatment, %:    

Surgery - 100 - 

Hormonal therapy - 68 - 

Radiation - 53.8 - 

Chemotherapy, any - 51.5 - 

Chemotherapy, by regimen, %:    

AC  27.1  

AC-T, TAC, AC-TH  44.3  

Other6  28.6  
Abbreviations: BC, breast cancer; BMI, body mass index; MET, metabolic equivalence task; AC, 
doxorubicin plus cyclophosphamide; AC-T, doxorubicin plus cyclophosphamide followed by 
paclitaxel; TAC, docetaxel, doxorubicin, and cyclophosphamide; AC-TH, doxorubicin plus 
cyclophosphamide followed by paclitaxel plus trastuzumab 
 
1 among women who were tested, n=356; 2 meeting or exceeding physical activity recommendations 
of American Heart Association91; 3 statins includes: atorvastatin, lovastatin, pravastatin, rosuvastatin, 
simvastatin, and ezetimibe/simvastatin; 4 among invasive cases only (n=248); 5 among invasive cases 
diagnosed in 2003 or later; 
6 other regimens includes: 5-fluorouracil, epirubicin, plus cyclophosphamide; docetaxel plus 
cyclophosphamide; docetaxel, carboplatin, and trastuzumab; cyclophosphamide, methotrexate, and 5-
fluourouracil; and 5-fluourouracil, doxorubicin and cyclophosphamide. 
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Table 2.2 Adjusted OR and 95% CI for weight gain of > 11 lbs (5 kg), and > 5% weight 
gain, in survivors and cancer-free women. 
       
 Absolute weight gain Percent weight gain 

  
< 11 lbs > 11 lbs OR (95% CI) < 5% > 5% OR (95% CI) 

Cancer-
free 272 35 referent 251 56 referent 

Survivors 
< 5 yrs 143 37 2.07 (1.22-3.50) 129 21 1.66 (1.05-2.62) 

Survivors  
> 5 yrs 111 12 0.96 (0.47-1.96) 95 28 1.51 (0.89-2.56) 

Abbreviations: OR, odds ratio; CI, confidence interval; lbs, pounds 
adjusted for age, baseline BMI, menopausal status, enrollment year, physical activity, and statin 
use 
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Table 2.3. Adjusted multiple linear regression coefficients for change in weight (lbs) during follow-up stratified by 
type of treatment. 
 

 
Surgery only Chemotherapy, with or 

without hormonal therapy* 
Hormonal therapy*  

Alone  

  n β 95% CI n β 95% CI n β 95% CI 
Cancer-free 307 0 referent 307 0 referent 307 0 referent 

Survivors 
diagnosed < 5 yrs  26 1.8 -3.63-7.24 86 5.58 2.13-9.03 67 1.62 -1.99-5.24 

Survivors 
diagnosed > 5 yrs 26 -1.15 -6.57-4.27 70 2.72 -0.94-6.38 27 2.48 -2.77-7.73 

All survivors 52 0.32 -3.67-4.32 156 4.26 1.49-7.02 94 1.88 -1.26-5.01 
Abbreviations: CI, confidence interval; lbs, pounds 
adjusted for age, baseline BMI, menopausal status, enrollment year, physical activity, and statin use. 
* hormonal therapy includes selective estrogen receptor modulators (SERMs) and aromatase inhibitors (AIs). 
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Chapter 2 Figures 

 

Figure 2.1 Study design schematic for timing of weight gain assessment.   
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Figure 2.2 Adjusted 4-year weight gain in survivors, stratified by time since diagnosis, 

compared to cancer-free women.  Estimates for weight gain in (a) all survivors, (b) 

survivors diagnosed with ER positive invasive BC, (c) survivors diagnosed with ER 

negative invasive BC, (d) premenopausal survivors and cancer-free women, (e) survivors 

who became postmenopausal between diagnosis and baseline and postmenopausal cancer-

free women, and (f) postmenopausal survivors and cancer-free women. 
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Figure 2.3 Adjusted 4-year weight gain in survivors, stratified by time since diagnosis, 

treatment category, and BMI category at T1, compared to cancer-free women.  Estimates 

for weight gain among (a) women with BMI between 18.5 kg/m2 and 25 kg/m2, (b) women 

with BMI > 25 kg/m2, (c) survivors treated with chemotherapy and cancer-free women, 

with BMI between 18.5 kg/m2 and 25 kg/m2, (d) survivors treated with chemotherapy and 

cancer-free women, with BMI > 25 kg/m2, (e) survivors treated with hormone therapy 

alone and cancer-free women, with BMI between 18.5 kg/m2 and 25 kg/m2, (f) survivors 

treated with hormone therapy alone and cancer-free women, with BMI > 25 kg/m2. 
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Appendix A. Chapter 2 Supplemental Tables  
 
The two tables below display results of analyses carried out to supplement Chapter 2.   

Appendix A.1 shows the increase in weight seen over follow-up in breast cancer 

survivors compared to cancer-free women, stratified by BRCA1/2 mutation carrier status.  

Among women positive for a BRCA1/2 mutation, cancer survivors gained significantly 

greater weight compared to cancer-free women, whereas among women negative or 

untested for BRCA1/2 mutations, weight gain in survivors did not differ significantly 

from that observed in cancer-free women.  The reasons for these differences are unclear, 

and we consider them exploratory; the confidence intervals for these estimates 

overlapped and a p-for interaction not statistically significant. 

 

Appendix A.2 reports the weight gain in breast cancer survivors compared to cancer-free 

women by statin use. We examined the effect of statins as they are a commonly used 

medication class with anti-inflammatory properties, which we believed might attenuate 

the excess weight gain observed in survivors treated with chemotherapy. To the contrary, 

we observed that chemotherapy-treated survivors who used statins had much higher 

weight gain compared to cancer-free women who used statins, as well as survivors and 

cancer-free women who did not use statins (p for interaction = 0.010).  Potential reasons 

for this difference include evidence that statins increase insulin resistance, which might 

combine with changes in insulin resistance and other metabolic changes induced by 

chemotherapy. 
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Appendix A.1. Weight gain in survivors compared to cancer-free women, by BRCA1/2 carrier 
status. 

  
BRCA1/2 negative, variant of 

uncertain significance, or untested BRCA1/2 positive 

  n β 95% CI n β 95% CI 
Cancer-free 272 0 referent 35 0 referent 

All survivors 252 2.1 -0.08-4.28 51 8.36 1.14-15.58 
adjusted for age, baseline BMI, menopausal status, enrollment year, physical activity, and statin use 

 
 
 
 
 
 
 
 

 
  

Appendix A.2. Weight gain in survivors compared to cancer-free women, by statin use. 
  Statin Never Use Statin Ever Use 
  n β 95% CI n β 95% CI 

Cancer-free 237 0 referent 70 0 referent 
All survivors 243 1.86 -0.34-4.06 60 6.88 1.04-12.73 

Chemotherapy-treated 
survivors 130 2.77 -0.05-5.60 26 10.03 1.70-18.35 

adjusted for age, baseline BMI, menopausal status, enrollment year, physical activity, and statin use 
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Chapter 3: Obesity and mortality in women with breast cancer: the impact of 
menopausal status and tumor subtype 
 

Abstract 
While previous studies have found that obesity increases risk for breast cancer specific 

mortality overall, findings by menopausal status and tumor subtype have been limited and 

inconclusive.  We prospectively examined the association of obesity at presentation with 

breast cancer specific mortality by both menopausal status and tumor subtype in a large 

multi-site cohort study. Body mass index (BMI) was calculated from measured weight and 

height among 18,600 women with invasive early stage breast cancer.  Cox proportional 

hazards regression was used to estimate hazard ratios (HR) and 95% confidence intervals 

(CI) for the associations of obesity (BMI > 30 kg/m2) with breast cancer-specific mortality.  

Models were stratified by menopausal status and tumor subtype (hormone receptor 

positive, hormone receptor negative, HER2 positive and triple negative).  Over a median 

of 6.7 years of follow-up, 1843 breast cancer deaths occurred.  In multivariable adjusted 

models, obesity was significantly associated increased risk of breast cancer mortality 

overall, and in premenopausal women (HR: 1.54, 95% CI: 1.25-1.90), but not 

postmenopausal women (HR: 1.08, 95% CI: 0.90-1.29).  Stratification by tumor subtype 

showed that obesity was significantly associated with increased risk for mortality across 

all four tumor subtypes in premenopausal women; in postmenopausal women, obesity 

increased risk for breast cancer mortality only for the hormone receptor positive subtype. 

Further, among premenopausal women, obesity increased 10-year absolute risk for breast 

cancer mortality by 6-8% compared to normal weight women, across all tumor subtypes. 

Among women treated with chemotherapy alone, obesity increased risk for breast cancer 
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mortality in premenopausal (HR: 1.43, 95% CI: 1.08-1.90) but not postmenopausal (HR: 

0.99, 95% CI: 0.76-1.30) women.  This is the first study to demonstrate that obesity 

significantly increases risk for breast cancer mortality in premenopausal women across all 

tumor subtypes.  Our findings have implications for younger women diagnosed with breast 

cancer, for whom body weight may represent a modifiable prognostic factor.  

 

Introduction 
 

Obesity at diagnosis has been associated with increased breast cancer-specific and overall 

mortality in numerous studies of women with breast cancer.  Two recent meta-analyses 

have estimated that obesity at diagnosis is associated with a 30-35% increased risk for 

breast cancer-specific mortality[1, 2]. Although most studies have routinely adjusted for 

prognostic factors such as tumor stage, age at diagnosis, and race, only a limited number 

of studies have examined the effects of menopausal status on obesity and breast cancer 

specific mortality separately, and findings have been inconsistent. Further, studies that 

have investigated the role of obesity in prognosis among women by breast cancer tumor 

subtype are scarce, and have yielded inconsistent results and/or lacked power to detect 

associations. Age and menopausal status at diagnosis are important prognostic factors in 

breast cancer, with younger, premenopausal women more likely to die of their breast cancer 

compared to older, postmenopausal women. In addition, women with triple negative 

disease, which lacks expression of hormone receptors and HER2 receptors, have the worst 

prognosis relative to women with hormone receptor positive breast cancer, independent of 

age, stage and grade at diagnosis[3].  
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Although there are multiple approaches to the measurement of adiposity, body mass index 

(BMI) is most frequently used in epidemiological research and clinical practice[4]. Obesity 

is defined as having a BMI of 30 kilograms per square meter (kg/m2) or greater.  It is well 

established that obesity represents a significant public health problem, with an estimated 

prevalence of 30% of non-Hispanic white women, and 56% of non-Hispanic black women 

over age 20 years in the US, according to 2011-2012 estimates[5].  Overall, obesity 

prevalence among adults has not significantly changed since the last estimates in 2003-

2004, although trends suggest increasing prevalence in children and adolescents. 

 

There have been several meta-analyses that have examined the association between obesity 

and breast cancer-specific and/or overall mortality by menopausal status. A 2010 meta-

analysis and systematic review found that obesity significantly increased overall mortality 

in both premenopausal and postmenopausal women with breast cancer, although estimates 

for breast cancer-specific mortality by menopausal status were not provided[1]. A 

subsequent meta-analysis found that the association between obesity and breast cancer-

specific mortality was not statistically significant among premenopausal women (pooled 

hazard ratio [HR]: 1.18, 95% CI: 0.82, 1.70), but was significant for postmenopausal 

women[6].  Finally, in contrast, Chan et al. reported statistically significant associations 

between obesity and breast cancer-specific mortality for both premenopausal (HR: 1.50, 

95% CI: 1.13, 2.00) and postmenopausal (HR: 1.34, 95% CI: 1.21, 1.48) women[2].   

 



 54 

Studies on the association of obesity with breast cancer mortality by tumor subtype have 

mainly focused on women with estrogen receptor (ER)-positive versus ER-negative 

disease, and found that obesity is significantly associated with increased breast cancer 

mortality in women with ER-positive but not ER-negative breast cancer[2, 6].  Data on 

women with HER2-positive and/or triple negative breast cancer are far more limited, 

partially owing to the fact that testing for HER2 was not available prior to the mid to late 

1990s and so earlier cohorts do not have this information. In addition, as these tumor 

subtypes are less prevalent than ER-positive HER2-negative disease, many studies have 

limited numbers of women with triple negative and/or HER2-positive breast cancer. One 

recent study among 1100 Chinese women with triple negative breast cancer found that 

being overweight (BMI >= 24 kg/m2) was associated with worse overall survival, but not 

with breast cancer-specific survival[7].  However, after stratification by menopausal status, 

being overweight was significantly associated with both breast cancer-specific and overall 

survival in premenopausal women (HR: 2.27, 95% CI: 1.11, 4.63, and HR: 2.16, 95% CI: 

1.21, 3.87, respectively); no associations were seen in postmenopausal women. This 

contrasts with three previous studies in which associations between obesity and disease 

free survival among women with triple negative disease were null (in adjusted 

estimates)[8-10]. Two of these studies were retrospective single institution studies[8, 9], 

and one was an analysis conducted within three clinical trials[10]. Notably, these three 

studies did not stratify by menopausal status. Two prior studies also found no association 

between obesity and prognosis in women with ER-negative disease, although these studies 

had a limited number of outcomes in ER-negative subgroups[11, 12].  
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The two studies that examined the association between obesity and breast cancer prognosis 

in women with HER2-positive disease had conflicting results.  While one showed no 

association[10], it lacked power and did not stratify by menopausal status. The other study 

of over 3000 women with early stage HER2-positive breast cancer found that overweight 

and obese women had significantly worse disease-free survival than normal weight 

women[13]. For breast cancer-specific mortality, results were similar but not statistically 

significant.  Analyses were adjusted for race and age but not menopausal status.  

 

There is reason to believe that the association of obesity with breast cancer-specific 

mortality may vary by tumor subtype and/or menopausal status. Mechanisms for the 

purported detrimental effects of obesity on mortality in women with breast cancer include 

both hormone-related and unrelated pathways.  Obesity in postmenopausal women with 

breast cancer is associated with increased breast tumor tissue expression of aromatase, an 

enzyme that converts circulating androgens to estrogens[14].  This pathway would be most 

relevant to women with postmenopausal breast cancer, and ER-positive breast cancer in 

particular, as excess adipose tissue may produce excessive estrogen levels. In addition, 

obesity has been associated with higher circulating levels of insulin, leptin, and 

inflammatory cytokines – all of which may stimulate breast cancer cell growth, regardless 

of menopausal status or hormone receptor expression.  

 

Further, the association of obesity with incidence of breast cancer differs by menopausal 

status. Among younger premenopausal women, obesity exerts a protective effect against 

development of breast cancer, with the exception of the triple negative subtype, for which 
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risk may be increased in obese versus non-obese premenopausal women[15]. On the other 

hand, in postmenopausal women, particularly those not using hormone replacement 

therapy, obesity increases risk of breast cancer [16, 17], although this increased risk may 

be restricted to the ER-positive subtype[17-19]. 

 

Here we present our findings, from the largest nationally representative study to date, on 

the association between obesity at diagnosis and breast cancer-specific mortality in women 

by both menopausal status and tumor subtype.  

Methods 
Source Population 
The National Comprehensive Cancer Network (NCCN) Breast Cancer Outcomes Database 

(1997-2012) is a prospective cohort of women newly diagnosed with breast cancer who 

were treated primarily at NCCN institutions[20].  At presentation, (within a median of 22 

days of diagnosis), patient characteristics were collected, including weight and height, 

demographics (i.e. age, race, ethnicity, education, zip code), insurance status, and medical 

history, including comorbid conditions such as diabetes, kidney disease, and 

cardiovascular disease.  Tumor characteristics, including clinical and/or pathologic stage, 

estrogen/progesterone (ER/PR) and human epidermal growth factor receptor 2 (HER2) 

status, grade, histologic subtype, and treatment (surgery type, radiation, and systemic 

drugs), were recorded by trained abstractors from medical record review. Tumor subtype 

was determined using the results of immunohistochemical (IHC) expression of the estrogen 

and progesterone receptors, and IHC testing for HER2 receptor expression and/or 

fluorescent in situ hybridization (FISH) testing for HER2 gene amplification. Tumors that 

had expression for ER and/or PR were considered hormone receptor positive, and tumors 
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that showed increased IHC expression or FISH amplification ratio > 2.0 for HER2 were 

considered HER2 positive. Tumors that were negative for ER, PR, and HER2 receptors 

were classified as triple negative.  Tumors that were missing data on HER2 expression 

were included in the analyses of ER-positive and ER-negative subtypes, but were excluded 

from analyses of the triple negative and HER2 subtypes. 

 

Annual follow-up was conducted for outcomes (recurrence, contralateral breast cancer, 

other cancers, and death).  Institutional Review Boards (IRBs) from each NCCN site 

approved the study, and at sites where IRBs required signed informed consent, only those 

women who consented were included.  

 

Analytic Cohort 

Women with incident stage I, II, or III breast cancer who presented at an NCCN Institution 

between July 1997 and December 2007 were included.  Women with stage IV disease were 

excluded because of potential reverse causation due to the effect of metastatic disease itself 

on weight. The last follow-up to assess vital status was conducted in June 2012.  Analyses 

were restricted to eight of the 18 NCCN institutions that began collecting data before 2000, 

to allow for sufficient follow-up time, and included: City of Hope Comprehensive Cancer 

Center, Duarte, California; Dana-Farber/Brigham Women’s Cancer Center, Boston, 

Massachusetts; Fox Chase Cancer Center, Philadelphia, Pennsylvania; The University of 

Texas MD Anderson Cancer Center, Houston, Texas; H. Lee Moffitt Cancer Center and 

Research Institute, Tampa, Florida; Arthur G. James Cancer Hospital and Richard J. Solove 

Research Institute at The Ohio State University, Columbus, Ohio; Roswell Park Cancer 



 58 

Institute, Buffalo, New York; and University of Michigan Comprehensive Cancer Center, 

Ann Arbor, Michigan.  Patients had to have no prior cancer diagnosis except non-

melanoma skin cancer or cervical carcinoma in situ, and at least 6 months of follow-up 

from their first breast cancer visit date.  Women with bilateral breast cancer were excluded. 

In addition, women with missing race (n=179) or missing height and weight (n=566) were 

excluded, resulting in a total study population of 18,600 women.  

 

Exposure Ascertainment 

The main exposures for this study were body mass index (BMI) at time of presentation, 

menopausal status at diagnosis, and tumor subtype.  Weight and height were measured and 

recorded at presentation and were then used to calculate BMI in kilograms per meter 

squared (kg/m2).  We further classified BMI into categories based on WHO criteria: 

underweight (BMI < 18.5 kg/m2), normal weight (18.5 – 24.9 kg/m2), overweight (25.0 – 

29.9 kg/m2), and obese (class I: 30.0 – 34.9 kg/m2; and class II or greater: > 35.0 kg/m2) 

(Supplementary Table 1[21]). Menopausal status was ascertained by medical record 

review. 

 

Ascertainment of cause of death 

Vital status, date of death, and cause of death for participants in the Breast Cancer 

Outcomes Database was ascertained primarily through medical records.  The International 

Classification of Diseases (ICD) Versions 9 and 10 were used to classify cause of death by 

trained abstractors. In cases where cause of death was unascertainable through the medical 

record, information from the NDI was used. For participants with multiple ICD codes for 



 59 

cause of death, abstractors recorded the ICD code for the underlying cause, as defined by 

the World Health Organization[22].   

 

Covariates  

Tumor characteristics such as stage, tumor size, node involvement, ER/PR status, HER2 

status, histological subtype, and grade were collected from pathology reports and medical 

records.  Both pathologic and clinical staging information was included in the database. In 

cases where pathologic staging data were not available, clinical staging information was 

used (16.9% of cases). Data on treatment, including chemotherapy drug and dose, 

radiation, hormonal therapy, and surgery type were collected from medical records at each 

center. Patient characteristics such as age, education, employment status, zip code median 

household income, and insurance status were assessed at presentation by survey.  The 

Charlson comorbidity index or the Katz index was used to generate a comorbidity score at 

presentation[23, 24].  

 

Statistical Analysis 

Baseline characteristics of women by BMI category, including demographics, and tumor 

characteristics and treatment, were compared using t-tests for normally distributed 

continuous variables and Wilcoxon rank-sum test for continuous variables without a 

normal distribution. Categorical variables were compared using the Chi-squared test.  

 

Multivariable cause-specific Cox proportional hazards regression was used to examine the 

association between BMI at time of presentation and breast cancer-specific mortality.  The 
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origin was date of presentation at an NCCN center and the time scale was follow-up time 

until date of death or date of last follow-up.  Median follow-up time was 81 months (6.7 

years; range: 6-174 months). In analyses of breast cancer-specific mortality, women who 

died of other causes were censored at their date of death.  The proportional hazards 

assumption between all covariates and mortality (both breast cancer-specific and overall) 

was tested using Schoenfeld residuals.  The occurrence of death by stage and hormone 

receptor status showed evidence of violating proportional hazards assumptions.  Therefore, 

we stratified on these two variables in the Cox proportional hazards models, which resulted 

in satisfying the proportional hazards assumption. 

 

To examine whether the association between BMI and mortality differed by menopausal 

status at time of diagnosis, we conducted stratified analyses, as well as including interaction 

terms for menopausal status by BMI category. Similarly, models were stratified by tumor 

subtype, and combinations of tumor subtype with menopausal status. All models were 

adjusted for potential confounders including age at presentation, treatment, study center, 

insurance status, median zip code income category, and comorbidity score. Additional 

models were further stratified by treatment (combinations of chemotherapy and/or 

endocrine therapy), as we hypothesized that these factors might modify the associations 

between obesity and mortality by menopausal status and subtype. In sensitivity analyses, 

in order to examine the potential influence of competing risks of mortality (breast cancer-

specific mortality versus non-breast cancer chronic disease death) associated with BMI 

category, we performed competing-risks regression according to the method of Fine and 

Gray[25] to obtain sub-hazard ratios and 95% confidence intervals. 
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We performed tests for trends in BMI category by using the median values of each category 

as a continuous variable. In addition, BMI was assessed continuously. The Wald test was 

used to evaluate statistical significance of all interaction terms. Cumulative incidence 

curves were generated for both breast cancer-specific and overall mortality by BMI 

categories and menopausal status and tumor subtype.  The log-rank test was used to 

determine whether cumulative incidence differences were statistically significant. A 

threshold of p<0.05 was used to determine statistical significance. All analyses were 

performed using Stata (version 13; StataCorp LP, College Station, TX).   

 

Results 
Over the course of follow-up (median 6.7 years), 2846 deaths occurred, with 1843 due to 

breast cancer (65%).  The next most common causes of death were diseases of the 

circulatory system (8%) and other (non-breast) cancers (8%). Among premenopausal 

women, 90% of deaths were due to breast cancer, with the next most common causes of 

death attributable to other (non-breast) cancers (3%) and Ill-defined or not otherwise 

specified (3%).  Among postmenopausal women, 54% of deaths were due to breast cancer, 

and the next most common causes of death were due to other (non-breast) cancers (10%) 

and diseases of the circulatory system (10%). Baseline characteristics of the cohort by BMI 

category are summarized in Table 3.1.  Overall, 38% of the cohort had a normal BMI, 30% 

were overweight, 17% were obese, and 12% were severely or morbidly obese (BMI > 35 

kg/m2).  Only 1.5% of the total cohort was underweight, and the association between 

underweight and mortality differed from that of normal weight women, so women with 



 62 

BMI < 18.5 were excluded from the main analyses.  There was a clear trend for increasing 

prevalence of obesity with age (Figure 3.1). Obese women were more likely than normal 

weight women to be postmenopausal, diagnosed with triple negative disease, have higher 

stage disease at diagnosis, and have higher comorbidity scores at presentation (Table 3.1).  

In addition, obese women were more likely to be black, had less education, and a lower 

median income, compared to normal weight women.   

 

Overall, in multivariable adjusted models, women in the overweight, obese, and severely 

obese categories had a significantly increased risk of breast cancer-specific mortality 

compared to normal weight women  (HR: 1.15, 95% CI: 1.02-1.29; HR: 1.24, 95% CI: 

1.08-1.42; HR: 1.31, 95% CI: 1.13-1.52, respectively) (Table 3.2).  The trend across BMI 

categories was also significant (p<0.001).  Stratification by tumor subtype revealed that 

obesity (BMI > 30 kg/m2) was significantly associated with increased breast cancer 

mortality in all women with ER-positive disease (HR: 1.36, 95% CI: 1.16-1.59).   

 

After stratifying by menopausal status, the association between increasing BMI and 

increased risk for breast cancer-specific death remained significant among premenopausal 

women, but not among postmenopausal women. Upon stratification by both menopausal 

status and tumor subtype, obesity was significantly associated with breast cancer mortality 

in premenopausal women for all four subtypes, conferring 66% increased risk among 

women with ER-positive disease, 52% increased risk among women with ER-negative 

disease, 48% increased risk for triple negative disease, and 58% increased risk for HER2-

positive disease. Further, trends across increasing BMI categories for premenopausal 
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women were significant for the ER-positive, ER-negative, and triple negative subtypes. 

Conversely, among postmenopausal women, obesity was significantly associated with 

increased risk of breast cancer mortality only in women with ER-positive disease (HR: 

1.26, 95% CI: 1.02-1.56).  A significant interaction of BMI by menopausal status was 

observed within the HER2-positive tumor subtype (p=0.033), but not for the other three 

subtypes. 

 

Cumulative incidence curves of breast cancer mortality over time were compared between 

non-obese and obese premenopausal and postmenopausal women (four categories), within 

tumor subtypes (Figure 3.2).  The probability of breast cancer death rose significantly faster 

for obese premenopausal women, compared to the other three groups, with significant log-

rank statistics for hormone receptor positive (p < 0.001), hormone receptor negative (p = 

0.005), and HER2 positive disease (p = 0.015).  The log-rank for triple negative breast 

cancer was not statistically significant (Figure 3.2c), but followed a similar trend.   

 

Differences in 5- and 10-year breast cancer mortality by obesity were greatest among 

premenopausal women (Table 3.3).  For example, among premenopausal women with 

triple negative disease, 16% of non-obese women had died of breast cancer by year 5, 

versus 23% of obese women.  The five-year mortality among premenopausal women with 

HER2 positive disease was twice that in obese compared to non-obese women. Survival 

differences were not nearly as great among the postmenopausal women, in whom absolute 

survival was only 1-3% greater in obese compared to non-obese women.   
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Analysis of the association between obesity and breast cancer mortality by treatment type 

(Table 3.4) revealed that among women treated with chemotherapy alone, being obese was 

associated with a significantly increased risk of breast cancer death for premenopausal 

women (HR: 1.43, 95% CI: 1.08-1.90), but not postmenopausal women (HR: 0.99, 95% 

CI: 0.76-1.30).  A similar pattern was observed among the women who received hormonal 

therapy and chemotherapy, where the association of obesity with breast cancer mortality 

was significant in premenopausal but not postmenopausal women (HR for premenopausal 

women: 1.72, 95% CI: 1.31-2.25).  Among postmenopausal women who received 

tamoxifen alone, being overweight was significantly associated with increased risk for 

breast cancer mortality (HR: 1.94, 95% CI: 1.04-3.63).  Obesity in this group was not 

significantly associated with mortality (HR: 1.59, 95% CI: 0.83-3.04). No association was 

seen between obesity and breast cancer mortality in women treated with aromatase 

inhibitors alone, although the number of events occurring in these women was small (n = 

47 among postmenopausal women).   Competing risks regression according to the method 

of Fine and Gray [25] showed that the sub-hazard ratios of the association between BMI 

category and breast cancer specific mortality, taking into account the risk of death from 

other chronic diseases, were nearly identical to the cause-specific HR obtained in Table 3.2 

for both premenopausal and postmenopausal women.  Among premenopausal women, the 

sub-HR and 95% CI for breast cancer-specific mortality were: 1.23 (1.02-1.48), 1.55 (1.25-

1.92) and 1.56 (1.23-1.97) for overweight, obese, and severely obese women, respectively.  

Among postmenopausal women, the sub-HR and 95% CI were 1.07 (0.91-1.26), 1.07 

(0.89-1.29) and 1.18 (0.97-1.44) for overweight, obese, and severely obese women. 
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Discussion 
 

This is the largest multi-site, nationally representative study to examine the association 

between obesity and breast cancer-specific mortality by menopausal status and subtype to 

date. Our finding that obesity is associated with worse breast cancer-specific survival in 

premenopausal women overall is in keeping with results from the most recent meta-

analysis[2].  Although one previous meta-analysis failed to find a significant association 

between obesity and breast cancer-specific mortality in premenopausal women, it had half 

the number of studies included in the more recent analysis[6].    

 

We demonstrate here for the first time that the increased risk for breast cancer mortality 

conferred by obesity is significant in premenopausal women across all four of the tumor 

subtypes we examined.  The distribution of tumor subtypes in premenopausal women 

differs from that in postmenopausal women, with ER-negative and triple negative tumors 

occurring with greater relative frequency in premenopausal women.  Because most studies 

of obesity and prognosis in premenopausal women have not stratified by subtype, it has 

been difficult to ascertain whether the associations detected in these women are influenced 

by subtype and/or menopausal status.  

 

Our finding that overweight and obese premenopausal women with triple negative breast 

cancer are at 43-48% increased risk of dying compared to their normal weight counterparts 

lends support to one recent study of Chinese women with triple negative breast cancer.  

The investigators found that being overweight increased risk of breast cancer-specific death 

in premenopausal women, but not in postmenopausal women[7].    This is in contrast to an 
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earlier study that found no association with outcome in women with triple negative breast 

cancer, even after stratifying by menopausal status.  Although this study had a large sample 

size, it was limited in terms of short follow-up time and retrospective study design[9].   

 

In our overall analysis we found no association between overweight or obesity and breast 

cancer-specific mortality in ER-negative women, but a significant association emerged in 

premenopausal women, demonstrating the necessity of stratification by menopausal status 

to detect associations.  Of the studies of obesity and breast cancer-specific mortality 

conducted among women with ER-negative disease, all but one have reported null 

results[19].  However, we are not aware of any such studies that have stratified their 

analyses further by menopausal status.  

 

Data are more limited for associations with obesity among women with HER2-positive 

disease.  Our results were significant only among the premenopausal women with HER2-

positive disease.  This is also the subtype for which we detected a statistically significant 

interaction between obesity and menopausal status.   While one previous study found a 

significantly worse disease-free survival in both overweight and obese women compared 

to normal weight women with HER2-positive breast cancer[13], another study found no 

association[10].  Although neither of these studies stratified by menopausal status, the 

study that found significant results had a young study population (median age < 50 years) 

and a larger proportion of premenopausal women.  
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Mechanistically, there are more biological data explaining the link between obesity at 

diagnosis and breast cancer outcomes in women with hormone receptor-positive disease, 

particularly postmenopausal women.  Excess adipose tissue is associated with higher levels 

of aromatase expression and circulating estrogens in postmenopausal women[14].  

Additionally, evidence of reduced efficacy of some aromatase inhibitors in obese women 

has been detected in clinical trials of postmenopausal[26, 27] and premenopausal women 

(along with ovarian suppression)[28].  However, obesity has also been found to be 

associated with increased measures of inflammation in the breast[29], and activation of the 

insulin-like growth factor axis, which may impact breast cancer outcomes[30].   

Additionally, there is evidence that HER2 is involved in cross-signaling with both estrogen 

and insulin growth factor pathways[31].  Other mechanisms that may explain the 

relationship between obesity and breast cancer mortality include evidence that obese 

women present with different tumor characteristics than lean women, including more 

advanced tumor stage, and increased Ki-67 index[32]. Obese women with breast cancer 

were also found to be significantly more likely to be undertreated with chemotherapy than 

normal weight women, as measured by first cycle dose reductions[33], although such 

differences may be significantly confounded by increased comorbidity in obese women.   

We accounted for differences in tumor stage at presentation by stratifying all models on 

this variable.  We also adjusted for comorbidities at baseline that may have influenced 

under-treatment.  

 

We found evidence that treatment category influences the strength of the relationship 

between obesity and breast cancer-specific mortality, although interactions did not reach 
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statistical significance.  We found that among women treated with chemotherapy alone, 

obesity was associated with inferior breast cancer-specific survival, although these findings 

were confined to premenopausal women.  While this association reflects in part the fact 

that most premenopausal women in this cohort were treated with chemotherapy, it does not 

explain the lack of association seen among the postmenopausal women treated with 

chemotherapy alone. Previously we have reported on increased risk for weight gain in 

premenopausal women who were treated with chemotherapy compared to cancer-free 

women[34], and weight gain after diagnosis has been found in some studies to be 

associated with worse breast cancer prognosis[35-39]. 

 

Our study was limited by lack of data on weight change after diagnosis.  Additionally, our 

study population consisted of women being treated at a designated NCCN institution.  

These women may differ from other women with breast cancer, hindering the 

generalizability of our results.  Strengths of our study include the large sample size, and 

detailed information on tumor subtype, and treatment.  We were also able to adjust for 

many potential confounders such as comorbidities at baseline, and factors associated with 

socioeconomic status. The fact that BMI in our study was measured at the time of 

presentation reduced the likelihood of misclassification error or bias. Finally, we benefited 

from comprehensive follow-up for cause-specific mortality on all participants, and so were 

able to focus on breast cancer-specific mortality as our main outcome. We also found that, 

after taking risk for other chronic disease related deaths into account, our estimates for the 

association between BMI category and breast-cancer specific mortality remained 

essentially unchanged. Obesity is known to be associated with overall mortality in the 
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general population, with an estimated HR of 1.25 (1.15-1.36) among women in the US[40].  

Therefore, particularly in older obese women with breast cancer, death from causes other 

than breast cancer represent a significant competing event in the assessment of breast 

cancer-specific mortality.  

 

Our results show that obesity significantly increases risk for breast cancer mortality in 

premenopausal women, and that this increased risk persists across four different tumor 

subtypes.  Further work is needed to determine the mechanisms underlying this association, 

which may differ by subtype. Additionally, studies are needed to determine whether weight 

loss among women who are obese at diagnosis will improve survival. For women 

diagnosed at a young age, or with tumor subtypes with a poor prognosis, obesity represents 

one potentially modifiable factor that could impact survival.   
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Chapter 3 Tables 
Table 3.1 Baseline demographic and clinical characteristics of women in the NCCN Breast Cancer 
Outcomes Database by BMI at presentation. 
 BMI category at presentation, kg/m2  

 <18.5 
18.5 to 

<25 
25 to 
<30 

30 to 
<35 >35 Total 

p-
value 

 n=270 n=7118 n=5665 n=3552 n=2295 n=18,600   
          
Age at presentation, 
mean y, (SD) 

51.4 
(14.0) 

52.5 
(12.6) 

55.9 
(12.2) 

57.0 
(12.0) 

56.3 
(11.3) 

54.8 
(12.4) <0.001 

          
Menopausal status at 
diagnosis          

Postmenopausal 44.1% 50.4% 64.2% 70.7% 69.7% 60.5% <0.001 
Premenopausal 54.1% 47.2% 33.4% 27.5% 28.5% 37.3%   
Periods while on  
HRT 0.7% 1.6% 1.5% 1.1% 1.0% 1.4%   
Missing 1.1% 0.8% 0.8% 0.7% 0.9% 0.8%   

          
Ethnicity & Race          

Non-Hispanic  
White 80.0% 85.3% 81.9% 78.6% 74.4% 81.7% <0.001 
Hispanic 4.4% 5.8% 7.5% 7.9% 7.2% 6.8%   
Non-Hispanic  
Black 5.6% 3.6% 7.4% 11.8% 17.3% 7.9%   
Other 10.0% 5.3% 3.2% 1.7% 1.1% 3.6%   

          
Education category          

Less than high  
school 5.6% 3.5% 7.1% 7.6% 9.6% 6.1% <0.001 
High school  
graduate 17.4% 17.7% 22.3% 25.5% 24.5% 21.3%   
Some college 17.4% 20.6% 21.4% 22.0% 24.5% 21.5%   
College graduate 25.6% 24.6% 19.2% 16.4% 14.6% 20.3%   
Graduate school 19.3% 19.4% 14.0% 11.6% 10.0% 15.2%   
Other 0.4% 0.4% 0.6% 0.7% 0.7% 0.5%   
Missing 14.4% 13.8% 15.5% 16.3% 15.9% 15.0%   

          
Employment category          

Full-time >= 32  
hr/wk 41.5% 43.6% 40.2% 39.9% 38.3% 41.2% <0.001 
Part-time work 4.8% 9.2% 7.6% 6.2% 6.1% 7.7%   
Student 2.2% 1.1% 0.7% 0.5% 0.8% 0.9%   
Homemaker 22.2% 18.8% 17.3% 16.0% 16.3% 17.6%   
On medical leave 2.2% 1.1% 1.2% 1.4% 1.4% 1.2%   
Disabled 2.2% 1.4% 2.1% 3.0% 4.8% 2.3%   
Unemployed,  
looking 3.3% 2.0% 2.1% 2.0% 3.0% 2.2%   
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Retired 11.9% 14.3% 19.8% 22.1% 20.2% 18.0%   
Other 3.0% 2.4% 2.4% 2.2% 2.3% 2.4%   
Missing 6.7% 6.2% 6.6% 6.9% 6.9% 6.5%   

          
Income category, 
annual          

<=$33,654 15.2% 15.0% 19.8% 23.5% 25.3% 19.2% <0.001 
$33,656 - $41,055 18.5% 16.4% 19.1% 21.1% 24.1% 19.0%   
$41,173 - $50,825 19.3% 18.5% 19.5% 19.8% 18.4% 19.0%   
$50,840 - $63,996 17.4% 20.6% 18.6% 17.8% 17.0% 19.0%   
$64,000+ 25.2% 24.2% 18.1% 13.9% 11.4% 19.0%   
Missing 4.4% 5.4% 4.9% 3.8% 3.8% 4.8%   

          
Insurance category          

Private/Commercial 66.3% 69.8% 62.8% 59.2% 59.0% 64.5% <0.001 
Medicaid 5.9% 4.4% 5.4% 6.8% 7.6% 5.5%   
Medicare 24.4% 22.0% 28.3% 31.4% 30.1% 26.6%   
Indemnity 1.1% 2.7% 2.2% 1.7% 2.2% 2.3%   
Other 0.7% 0.6% 0.8% 0.5% 0.8% 0.7%   
Missing 1.5% 0.6% 0.6% 0.4% 0.3% 0.5%   

          
Stage at diagnosis, 
TNM          

I 55.6% 51.9% 46.8% 44.6% 42.4% 47.9% <0.001 
II 35.6% 37.8% 40.1% 40.9% 40.1% 39.3%   
III 8.9% 10.4% 13.2% 14.5% 17.5% 12.8%   

          
Hormone receptor 
status*          

Positive 80.4% 76.4% 76.6% 74.8% 74.3% 76.0% 0.023 
Negative 18.5% 21.9% 21.9% 24.0% 24.4% 22.5%   
Missing 1.1% 1.7% 1.5% 1.3% 1.4% 1.5%   

          
HER2 status          

Positive 13.3% 16.8% 15.0% 15.2% 13.4% 15.5% 0.001 
Negative 70.7% 68.6% 71.0% 71.2% 72.5% 70.3%   
Equivocal 1.9% 2.6% 3.2% 2.9% 3.1% 2.9%   
Unknown/Missing 14.1% 12.0% 10.8% 10.8% 10.9% 11.3%   

          
Triple negative          

Yes 10.7% 12.6% 13.5% 15.4% 15.7% 13.7% <0.001 
No 85.2% 82.9% 82.5% 81.1% 80.3% 82.2%   
Unknown/Missing 4.1% 4.4% 4.0% 3.5% 4.0% 4.1%   
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Histologic category          
Ductal 79.3% 77.8% 78.5% 80.2% 80.1% 78.7% 0.197 
Lobular 8.2% 9.4% 9.4% 8.6% 8.9% 9.2%   
Mixed Ductal &  
Lobular 8.2% 8.2% 7.7% 7.1% 6.3% 7.6%   
Other 4.4% 4.6% 4.3% 4.2% 4.7% 4.5%   

          
Comorbidity Score          

None 83.3% 86.4% 79.3% 73.2% 62.9% 79.0% <0.001 
Mild, 1-2 15.6% 12.4% 18.9% 24.4% 32.9% 19.1%   
Moderate, 3-4 0.7% 0.8% 1.3% 2.1% 3.4% 1.5%   
Severe, >=5 0.4% 0.4% 0.5% 0.4% 0.7% 0.5%   

          
Definitive Surgery 
Type          

Breast conserving 43.3% 54.1% 57.3% 59.3% 60.3% 56.6% <0.001 
Mastectomy 56.3% 45.3% 41.8% 39.9% 38.6% 42.6%   
No surgery 0.4% 0.6% 1.0% 0.8% 1.1% 0.8%   

          
Chemotherapy          

Yes 56.7% 63.3% 62.7% 61.6% 63.9% 62.8% <0.001 
No 28.5% 27.4% 29.1% 30.4% 28.8% 28.7%   
Missing 14.8% 9.3% 8.2% 8.0% 7.4% 8.6%   

          
Endocrine therapy          

Yes 68.9% 69.7% 70.3% 68.6% 68.2% 69.5% 0.052 
No 27.0% 27.7% 26.9% 29.4% 29.4% 28.0%   
Missing 4.1% 2.5% 2.8% 2.0% 2.4% 2.5%   

        
* hormone receptor status positive defined as positive for estrogen receptor and/or 

progesterone receptor  
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Table 3.2 Cox proportional hazard ratios and 95% confidence intervals for the association of BMI with breast cancer specific mortality by 
menopausal status and tumor subtype 
            
            
 All Women* Premenopausal Postmenopausal 
 events person-yrs HR 95% CI events person-yrs HR 95% CI events person-yrs HR 95% CI 
All tumor subtypes               
BMI category               
18.5-24.9 591 52,365 1.00 - 301 24,633 1.00 - 285 26,176 1.00 - 
25.0-30.0 573 40,074 1.15 1.02-1.29 219 13,918 1.25 1.05-1.49 342 25,334 1.08 0.92-1.26 
30.9-34.9 367 22,446 1.24 1.08-1.42 134 5985 1.54 1.25-1.90 226 15,997 1.08 0.90-1.29 
35.0+ 293 15,330 1.31 1.13-1.52 108 4520 1.59 1.26-2.01 180 10,492 1.18 0.97-1.44 
p-trend   <0.001      <0.001     0.100  
                
ER or PR positive               
BMI category               
18.5-24.9 335 40,425 1.00 - 179 18,788 1.00 - 155 20,481 1.00 - 
25.0-30.0 331 31,211 1.15 0.99-1.34 126 10,527 1.20 0.95-1.51 197 19,765 1.13 0.92-1.40 
30.0+ 374 28,365 1.36 1.16-1.59 132 7498 1.66 1.30-2.12 237 20,512 1.26 1.02-1.56 
p-trend   0.003      0.006     0.094  
                
ER and PR 
negative               
BMI category               
18.5-24.9 253 10,772 1.00 - 120 5336 1.00 - 129 5094 1.00 - 
25.0-30.0 240 8125 1.39 0.92-2.09 92 2908 1.40 1.06-1.84 144 5045 1.02 0.80-1.30 
30.0+ 283 8484 1.49 0.98-2.26 109 2843 1.52 1.15-2.00 167 5485 0.98 0.77-1.25 
p-trend   0.090      <0.001     0.481  
                
Triple negative               
BMI category               
18.5-24.9 155 5860 1.00 - 79 2997 1.00 - 74 2705 1.00 - 
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25.0-30.0 155 4750 1.34 0.79-2.28 60 1703 1.43 1.01-2.02 94 2964 1.11 0.81-1.51 
30.0+ 189 5100 1.55 0.91-2.65 74 1736 1.48 1.05-2.08 109 3258 1.08 0.79-1.49 
p-trend   0.090      0.002     0.811  
                
HER2 positive**               
BMI category               
18.5-24.9 134 8241 1.00 - 67 4459 1.00 - 66 3543 1.00 - 
25.0-30.0 120 5575 1.41 0.80-2.51 48 2353 1.38 0.93-2.04 68 3110 1.10 0.79-1.56 
30.0+ 121 5174 1.67 0.87-3.19 48 1676 1.58 1.05-2.39 73 3420 0.93 0.65-1.32 

p-trend     0.496       0.056       0.698 
  
  

adjusted for age at presentation, race, diagnosis date, study center, income, insurance status, surgery type, treatment with chemotherapy/hormonal 
therapy, and stratified by stage. 
* additionally adjusted for menopausal status 
** includes ER positive and ER negative 
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Table 3.3 Proportion (%) of breast cancer specific deaths at 5 and 10 years after diagnosis, by 
obesity, menopausal status, and tumor subtype. 
 

 
Non-obese 

Premenopausal 
Obese 

Premenopausal 
Non-obese 

Postmenopausal 
Obese 

Postmenopausal 
 5-year 10-year 5-year 10-year 5-year 10-year 5-year 10-year 
HR positive* 4.1 10.7 7.3 17.5 3.8 8.6 4.8 11.6 
HR negative 14.2 21.3 21.3 27.3 14.9 21.3 17.2 22.3 
Triple negative 16.3 22.8 22.5 28.2 16.4 22.4 18.4 24.4 
HER2 positive 7.3 17.8 14.3 25.9 10.4 16.9 11.3 17.2 

*HR, hormone receptor positive is measured as positive for either ER or PR.   
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Table 3.4  Cox proportional hazard ratios and 95% confidence intervals for the association 
between BMI and breast cancer specific mortality, by menopausal status and treatment. 

         
 Premenopausal* Postmenopausal 
 events person-yrs HR 95% CI events person-yrs HR 95% CI 
Chemotherapy alone        
BMI category         
18.5-24.9 115 4890 1 - 100 3647 1 - 
25.0-29.9 90 2732 1.35 1.03-1.80 117 3897 1.02 0.78-1.34 
30.0+ 105 2670 1.43 1.08-1.90 142 4429 0.99 0.76-1.30 
p-trend   0.004    0.583  
         
Chemotherapy with Hormonal therapy      
BMI category         
18.5-24.9 147 12,267 1 - 89 8001 1 - 
25.0-29.9 104 7,316 1.12 0.94-1.57 117 8,091 1.09 0.82-1.44 
30.0+ 102 5,107 1.72 1.31-2.25 152 8,444 1.29 0.98-1.70 
p-trend   0.006    0.081  
         
Chemotherapy with trastuzumab       
BMI category         
18.5-24.9 9 711 1 - 17 504 1 - 
25.0-29.9 6 365 1.2 0.32-2.87 14 534 0.79 0.35-1.78 
30.0+ 12 289 2.68 0.95-7.54 18 524 0.74 0.32-1.69 
p-trend   0.198    0.565  
         
Chemotherapy with trastuzumab and hormonal therapy     
BMI category         
18.5-24.9 12 1103 1 - 6 505 1 - 
25.0-29.9 6 626 0.86 0.25-2.93 8 498 0.87 0.21-3.68 
30.0+ 7 496 2.31 0.86-8.04 3 493 0.53 0.08-3.88 
p-trend   0.491    0.701  
         
Hormonal therapy only, any type       
BMI category         
18.5-24.9     38 10,309 1 - 
25.0-29.9     54 9,613 1.37 0.89-2.09 
30.0+     53 9,998 1.16 0.75-1.80 
p-trend       0.837  
         
Tamoxifen only        
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BMI category         
18.5-24.9     17 4357 1 - 
25.0-29.9     29 3879 1.94 1.04-3.63 
30.0+     28 3477 1.59 0.83-3.04 
p-trend       0.539  
         
Aromatase Inhibitor only       
BMI category         
18.5-24.9     12 2834 1 - 
25.0-29.9     18 3157 1.16 0.54-2.45 
30.0+     17 3942 0.69 0.31-1.52 
p-trend       0.427  
         
AI + tamoxifen only        
BMI category         
18.5-24.9     8 2835 1 - 
25.0-29.9     6 2337 0.39 0.08-2.00 
30.0+     6 2316 0.89 0.21-3.71 
p-trend       0.897  
         
adjusted for age at presentation, race, diagnosis date, study site, definitive surgery type, income, 
insurance status, comorbidity score, stratified by stage at diagnosis. 
Abbreviations: BMI, body mass index; AI, aromatase inhibitor 
* Analyses were not performed among premenopausal women treated with hormonal therapies alone, 
as there were very few events among these women (n=9 total). 
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Chapter 3 Figures 
 
Figure 3.1  Distribution of body mass index (BMI) categories by age category at 
presentation among women in the NCCN Breast Cancer Outcomes Database. 
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Figure 3.2 Cumulative incidence curves for the risk of breast cancer mortality by obesity 
and menopausal status at diagnosis, within tumor subtypes. 
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Appendix B: Chapter 3 Supplemental Tables and Figures 
 
Two additional analyses were conducted that were not displayed in the main body of 

Chapter 3.  

Appendix B.l displays the results of Cox proportional hazards regression on the association 

of obesity with breast cancer specific mortality, stratified by both menopausal status and 

age category at presentation.  We noted in our study that the association we observed 

between obesity and mortality was strongest among premenopausal women. Because age 

and menopausal status are so closely linked with one another, it is difficult to tease out 

whether young age, or being premenopausal, or both, are driving this trend. Table B.1 

shows that among women ages 40-44 years at presentation, obesity was significantly 

associated with increased breast cancer mortality for the premenopausal group, and similar 

trends were observed among the postmenopausal group (although the number of women 

in this group was small, n=225).  Among women ages 45-49, similar estimates were seen 

in the premenopausal group, and for the postmenopausal group, obesity but not overweight 

also increased risk for breast cancer death.  Finally, among women in their early 50s, again 

being overweight or obese was associated with increased risk for breast cancer death in the 

premenopausal group, but associations for obesity in the postmenopausal group were null.  

It appears that both younger age at diagnosis (ages 40-49), and premenopausal status are 

important in determining whether obesity increases risk for breast cancer mortality.   

 

Appendix B.2 displays estimates of population of risk of breast cancer death attributable 

to overweight and obesity (BMI > 25 kg/m2) among pre and postmenopausal women across 

tumor subtype.  Estimates are based on the prevalence of overweight/obesity within each 
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subgroup multiplied by the hazard ratios associated with overweight/obesity and breast 

cancer death for that subgroup.  The figure shows that across tumor subtypes, the fraction 

of breast cancer deaths attributable to overweight in premenopausal women is consistently 

high and is substantially higher than the analogous fraction in postmenopausal women, 

with the exception of the ER-positive subtype. 
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Appendix B1.  Effect of BMI on breast cancer specific mortality by age category versus 
menopausal status at presentation. 
     
     
 Age category at presentation, years 
 < 35 35-40 40-44 45-49 50-54 
 HR (95% CI) 
Premenopausal     
BMI category     
18.5-24.9 1 1 1 1 1 

25.0-30.0 
0.78  

(0.49-1.26) 
1.19  

(0.83-1.71) 
1.64 

 (1.15-2.34) 
1.41  

(0.94-2.09) 
1.87  

(1.01-3.45) 

30.0+ 
1.33  

(0.83-2.12) 
1.31 

 (0.87-1.96) 
1.94  

(1.35-2.79) 
1.99  

(1.34-2.95) 
1.88  

(1.03-3.45) 
      
Postmenopausal     
BMI category     
18.5-24.9 - - 1 1  

25.0-30.0 - - 
1.33  

(0.25-7.17) 
1.18  

(0.59-2.37) 
1.10 

 (0.76-1.59) 

30.0+ - - 
3.07  

(0.68-13.82) 
2.02  

(1.10-3.68) 
0.85  

(0.58-1.24) 
      
adjusted for age at presentation, diagnosis date, study site, comorbidity score, income, race, 
insurance status, chemotherapy, hormone therapy, and stratified by stage and hormone 
receptor. 
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Chapter 4: Obesity and Breast Cancer Mortality Among Black and White Women  
 

Abstract 
Obesity at diagnosis has been shown to increase breast cancer specific mortality in 

numerous studies.  However most of these studies have included a limited number of black 

women.  We prospectively examined the association of obesity at presentation with breast 

cancer specific mortality in pre- and postmenopausal black and white women in a large 

multi-center cohort study.  Measured weight and height were used to calculate body mass 

index (BMI) in 18,600 women with invasive early stage breast cancer.  Cox proportional 

hazards regression was used to estimate hazard ratios (HR) and 95% confidence intervals 

(CI) for association of obesity (BMI: 30.0-34.9 kg/m2) and severe obesity (BMI: > 35.0 

kg/m2) with breast cancer-specific mortality. Models were stratified by race (black versus 

white), menopausal status at diagnosis, tumor subtype (hormone receptor [HR] positive, 

HR negative, HER2 positive, and triple negative), and treatment (chemotherapy versus no 

chemotherapy).  Over a median of 6.7 years of follow-up, 1843 breast cancer deaths 

occurred, 250 in black women. In multivariable adjusted models, obesity and severe 

obesity were associated with significantly increased breast cancer mortality in white 

women, and severe obesity was significantly associated with increased breast cancer 

mortality in black women (HR: 1.54, 95% CI: 1.01-2.35).  Stratification by menopausal 

status showed that both obesity and severe obesity was associated with significantly 

increased risk for breast cancer mortality in both white and black women who were 

premenopausal; associations in postmenopausal women were null for both races. 

Stratification by tumor subtype showed that obesity significantly increased breast cancer 

mortality both black and white women with HR positive disease, in a dose-responsive 
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fashion (p-trend = 0.009 among black women and p-trend = 0.005 among white women).  

Obesity was associated with increased breast cancer mortality for both black and white 

women treated with chemotherapy, but not those treated with hormone therapy alone. 

Estimates for overall mortality were similar to breast cancer specific estimates. This is the 

first study to demonstrate that obesity significantly increases risk for breast cancer 

mortality in both black and white premenopausal women.  Our findings have implications 

for younger women diagnosed with breast cancer of both black and white race, for whom 

body weight may represent a modifiable prognostic factor. 

 

Introduction 

It is well recognized that the prevalence of overweight and obesity continues to remain 

high in the US and other developed countries, and has been increasing in developing 

countries[1]. In the US, black women in particular are the most disproportionately affected 

group. In the latest analysis of the National Health and Nutrition Examination Survey 

(2011-2012), the age-adjusted prevalence of overweight (body mass index, or BMI > 25 

kg/m2) in the US was 82.0% among non-Hispanic black women versus 63.2% among non-

Hispanic white women[2]. Further the prevalence of obesity (BMI > 30 kg/m2) was 56.6% 

in black women, compared to 32.2% in white women, and 16.4% of black women were 

morbidly obese (BMI > 40 kg/m2) compared to 7.4% of white women.  

 

Black women are also more likely to die of breast cancer than white women[3]. A number 

of explanations have already been identified for this survival disparity. Black women are 

more likely to present at a younger age, at a later stage, and with a greater proportion of 



 89 

estrogen receptor (ER)-negative and triple-negative tumors than white women[4]. Other 

explanations for the survival disparity include differences in comorbidities, access to 

timely treatment[5], and/or adherence to treatment[6].  

 

In the US and other developed countries obesity at diagnosis has been associated with 

increased breast cancer specific and overall mortality in many studies among women with 

breast cancer.  Two recent meta-analyses have estimated the increased risk for breast 

cancer specific mortality of 33-35% associated with obesity[7, 8]. However, the majority 

of studies of obesity and prognosis include a limited number of black women, and did not 

focus on potential differences between the ethnic groups.  Studies of the association of 

obesity and mortality conducted among black women are few, and it remains unclear 

whether obesity worsens prognosis for these women.  Of the three studies that have 

explicitly examined this question, one was limited by small numbers and only included 

postmenopausal women[9] , and the other two had null results[10, 11].  These studies were 

also limited by the relatively low prevalence of obesity among their black participants. 

 

Obesity is a modifiable factor and thus represents an opportunity for intervention. It is 

important to clarify the effect of obesity on breast cancer mortality in black women, as they 

are at greater risk of dying of the disease.  In this large, nationally representative, 

observational study, we examine the relationship between obesity at diagnosis and breast 

cancer mortality in black and white women, with a focus on premenopausal women. 
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Methods 

Source Population 

The National Comprehensive Cancer Network (NCCN) Breast Cancer Outcomes Database 

(1997-2012) is a prospective cohort of women newly diagnosed with breast cancer who 

were treated primarily at an NCCN institution[12]. .At presentation, patient characteristics 

were collected, including weight and height, demographics (i.e. age, race, ethnicity, 

education, zip code), insurance status, and medical history, including comorbid conditions.  

Tumor characteristics, including clinical and/or pathologic stage, estrogen/progesterone 

(ER/PR) and human epidermal growth factor receptor 2 (HER2) status, grade, histologic 

subtype, and treatment (surgery type, radiation, and systemic drugs), were recorded by 

trained abstractors from medical record review. Annual follow-up was conducted for 

outcomes (recurrence, contralateral breast cancer, other cancers, and death). Institutional 

Review Boards (IRBs) from each NCCN site approved the study, and at sites where IRBs 

required signed informed consent, only those women who consented were included. 

 

Analytic Cohort 

Women with incident stage I, II, or III breast cancer who presented at an NCCN Institution 

between July 1997 and December 2007 were included.  The last follow-up to assess vital 

status was conducted in June 2012.  Analyses were restricted to eight of the 18 NCCN 

institutions that began collecting data before 2000, to allow for sufficient follow-up time, 

and included: City of Hope Comprehensive Cancer Center, Duarte, California; Dana-

Farber/Brigham Women’s Cancer Center, Boston, Massachusetts; Fox Chase Cancer 

Center, Philadelphia, Pennsylvania; The University of Texas MD Anderson Cancer Center, 
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Houston, Texas; H. Lee Moffitt Cancer Center and Research Institute, Tampa, Florida; 

Arthur G. James Cancer Hospital and Richard J. Solove Research Institute at The Ohio 

State University, Columbus, Ohio; Roswell Park Cancer Institute, Buffalo, New York; and 

University of Michigan Comprehensive Cancer Center, Ann Arbor, Michigan. Patients had 

to have no prior cancer diagnosis except non-melanoma skin cancer or cervical carcinoma 

in situ, and at least 6 months of follow-up from their first breast cancer visit date.  Women 

with bilateral breast cancer were excluded. In addition, women with missing race (n=179) 

or missing height and weight (n=566) were excluded, resulting in a total study population 

of 18,600 women.  

 

Exposure Ascertainment 

The three main exposures for this study were body mass index (BMI) at time of 

presentation, race, and menopausal status.  Weight and height were measured and recorded 

at presentation and were then used to calculate BMI in kilograms/meter squared (kg/m2).  

We further classified BMI into categories based on WHO criteria as follows: underweight 

(BMI < 18.5 kg/m2), normal weight (18.5 – 24.9 kg/m2), overweight (25.0 – 29.9 kg/m2), 

and obese (class I: 30.0 – 34.9 kg/m2; and class II or greater: > 35.0 kg/m2)[13] 

(Supplementary Table 1). Race (White/Caucasian, Black/African-American, Asian/Pacific 

Islander, American Indian/Aleutian/Eskimo, or Other), and ethnicity (Hispanic versus non-

Hispanic) were recorded at time of presentation and were self-reported.  Menopausal status 

was ascertained through medical record review. 

 

Ascertainment of cause of death 
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Vital status, date of death, and cause of death for participants in the NCCN Breast Cancer 

Outcomes Database was ascertained primarily through medical records.  The International 

Classification of Diseases (ICD) Versions 9 and 10 were used to classify cause of death by 

trained abstractors. In cases where cause of death was unascertainable through the medical 

record, information from the NDI was used. For participants with multiple ICD codes for 

cause of death, abstractors recorded the ICD code for the underlying cause, as defined by 

the World Health Organization.  Both breast cancer specific and overall mortality were 

used as outcomes for our analyses. 

 

Covariates 

Tumor characteristics such as stage, tumor size, node involvement, ER/PR status, HER2 

status, histological subtype, and grade were collected from pathology reports and medical 

records.  Both pathologic and clinical staging information was included in the database. In 

cases where pathologic staging data were not available, clinical staging information was 

used.  Data on treatment, including chemotherapy drug and dose, radiation, hormonal 

therapy, and surgery type were collected from medical records at each center.  

Patient characteristics such as age, education, employment status, zip code median 

household income, insurance status, and menopausal status were assessed at presentation 

by survey.  The Charlson comorbidity index or the Katz index was used to generate a 

comorbidity score at presentation[14, 15].  These indices categorize and score 

comorbidities of patients based on ICD diagnosis codes, such that each category has an 

associated weight based on risk of mortality.  Conditions include congestive heart failure, 
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diabetes (without or without complications), dementia, peripheral vascular disease, among 

others. 

 

Statistical Analysis 

Baseline characteristics of women by BMI category, including demographics, and tumor 

characteristics and treatment, were compared using t-tests for normally distributed 

continuous variables and Wilcoxon rank-sum test for continuous variables without a 

normal distribution. Categorical variables were compared using the Chi-squared test.  

Baseline characteristics were also compared across categories of race.  

 

Multivariable Cox proportional hazards regression was used to examine the association 

between BMI at time of presentation and breast cancer-specific mortality and overall 

mortality.  The origin was date of presentation at an NCCN center and the time scale was 

follow-up time until date of death or date of last follow-up.  In analyses of breast cancer 

specific mortality, women who died of other causes were censored at their date of death.  

The proportional hazards assumption between all covariates and mortality (both breast 

cancer specific and overall) was tested using Schoenfeld residuals.  Stage and hormone 

receptor status showed evidence of violating proportional hazards assumptions.  Therefore, 

we stratified on these two variables, which resulted in satisfying the proportional hazards 

assumption. 

 

To examine whether the association between BMI and mortality differed by race, we 

conducted analyses stratified by race, as well as including interaction terms for race by 



 94 

BMI category.  We chose to stratify by white versus black race, as our main interest was 

differentiating the effects of obesity on mortality between these two races. Hispanic 

women, and women of other races, were therefore excluded from race-specific models. All 

models were adjusted for potential confounders including age at presentation, tumor stage, 

ER/PR status, treatment, study center, insurance status, median zip code income category, 

menopausal status, and comorbidity score. Additional models were further stratified by 

menopausal status (premenopausal versus postmenopausal), tumor subtype, and treatment 

(chemotherapy versus no chemotherapy), as we hypothesized that these factors might 

modify the associations between obesity and mortality by race. 

 

We performed tests for trends in BMI category by using the median values of each category 

as a continuous variable. The Wald test was used to evaluate statistical significance of all 

interaction terms. The Kaplan-Meier method was used to generate cumulative incidence 

curves for both breast cancer-specific and overall mortality by BMI categories and by race.  

The log-rank test was used to determine whether cumulative incidence differences were 

statistically significant. A threshold of p<0.05 was used to determine statistical 

significance. All analyses were performed using Stata (version 13; StataCorp LP, College 

Station, TX).   

 

Results 

During a median follow-up time of 6.7 years, 2846 deaths occurred, 1843 due to breast 

cancer.  The prevalence of overweight, obesity, and severe obesity in white and black 

women in our cohort was similar to race-stratified estimates from the nationally 
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representative National Health and Nutrition and Examination Survey in 1999-2010 

(Figure 4.1).  Twenty-eight percent of white women in the NCCN database were obese 

(BMI > 30 kg/m2) at presentation compared to 32% of whites from NHANES.  Among 

black women, 53% of those in the NCCN database were obese at presentation, compared 

to 59% of those in NHANES.  Table 4.1 describes baseline demographic and clinical 

characteristics in the overall cohort and by race.  Mean age at diagnosis was significantly 

lower in black women (53.6 years) than in white women (55.3 years), with a greater 

proportion of black women being diagnosed below age 50 years.  Mean BMI was also 

significantly greater in black women at presentation than white women, and a greater 

proportion of black women were obese, severely obese, and morbidly obese compared to 

white women.  Compared to whites, black women were significantly less educated, more 

likely to be unemployed and disabled, had lower median income, and were more likely to 

be on Medicaid.  Black women were also more likely to have a greater comorbidity score 

at the time of presentation.   

 

In terms of clinical and tumor characteristics, black women were almost twice as likely as 

white women to present with triple negative breast cancer (23.0% among blacks versus 

12.8% among whites). Further, while 11.6% of white women presented with stage III 

disease, 20.3% of black women did. Menopausal status at diagnosis was not significantly 

different between the groups, and overall 36.2% of women were premenopausal.  Black 

women were less likely to have breast-conserving surgery than white women, were more 

likely to be treated with chemotherapy, and less likely to be treated with hormonal therapy.   
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Black women were significantly more likely to die of breast cancer compared to white 

women in a univariate analysis (HR: 1.93, 95% CI: 1.69-2.21) (Table 4.2).  Adding BMI 

to this model attenuated the association between black race and breast cancer-specific 

mortality by 15% (HR: 1.75, 95% CI: 1.52-2.00).  Estimates were further attenuated first 

by the addition of age at presentation to the model, and finally by full adjustment for all 

measured potential confounders, which resulted in an additional 55% reduction in the point 

estimate associated with black race (HR: 1.28, 95% CI: 1.11-1.48).  

 

Among all women, overweight, obesity, and severe obesity at time of diagnosis were 

associated with significantly increased risk for breast cancer-specific mortality in models 

adjusted for age, race, study site, income, insurance, treatment, surgery type, comordibity 

score, stage, tumor subtype, and menopausal status. These associations increased in a dose-

responsive pattern (p for trend < 0.001) (Table 4.3).  In models stratified by race, obese 

and severely obese white women had significantly increased risk of dying of breast cancer 

compared to normal weight white women, (HR: 1.20, 95% CI: 1.03-1.40, and HR: 1.31, 

95% CI: 1.11-1.59, respectively).  Among black women, severe obesity (BMI > 35 kg/m2) 

was associated with significantly increased risk of breast cancer mortality, (HR: 1.54, 95% 

CI: 1.01-2.35).  The association for obesity (BMI of 30.0-34.9 kg/m2) in black women was 

also elevated (HR: 1.52, 95% CI: 0.98-2.34).   

 

Among premenopausal white women, obesity was associated with a 1.46-fold increased 

risk for breast cancer death (95% CI: 1.14-1.87) and severe obesity with a 1.61-fold 

increased risk (95% CI: 1.23-2.10).  Among black premenopausal women, point estimates 
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were greater (HR for obesity, 2.24, 95% CI: 1.15-4.37 and HR for severe obesity, 2.31, 

95% CI: 1.16-4.61).  Trends for increasing risk by increasing BMI category were 

statistically significant for both white (p < 0.001) and black (p = 0.016) premenopausal 

women.  However, among postmenopausal women, no significant associations between 

obesity and breast cancer mortality were detected, either in the overall or race stratified 

models.  

 

Obesity and severe obesity were significantly associated with increased risk for breast 

cancer mortality in models restricted to women with hormone receptor positive disease.  

Among white women with hormone receptor positive breast cancer, only severe obesity 

remained significantly associated with breast cancer death (HR: 1.38, 95% CI: 1.10-1.72).  

In black women with hormone receptor positive disease, both obesity and severe obesity 

were associated with significantly increased risk for breast cancer mortality.  In women 

with hormone receptor negative disease, no significant associations were detected.  

Similarly, in women with triple negative disease, there was a trend toward associations 

between increasing BMI category and breast cancer in white women, which reached 

statistical significance for the obese category (HR: 1.44, 95% CI: 1.07-1.92).  However, 

associations between obesity and mortality in black women with triple negative disease 

were null.  There were no statistically significant interactions between black race and BMI 

category for any of the models. 

 

Stratification by treatment with chemotherapy (any chemotherapy versus no 

chemotherapy) revealed that all levels of overweight and obesity were associated with 
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increased risk of breast cancer mortality in women treated with chemotherapy overall 

(Table 4.4).  Both white and black women treated with chemotherapy were at increased 

risk for breast cancer mortality if diagnosed with a BMI of 30 kg/m2 or greater.  These 

estimates remained significant among black and white women when further restricted to 

premenopausal women only.  Postmenopausal women treated with chemotherapy had no 

significant increased risk associated with obesity, regardless of race.  Among women who 

were not treated with chemotherapy (99.9% of whom were treated with hormone therapy), 

there was no association between obesity and breast cancer mortality, regardless of race or 

menopausal status, although fewer breast cancer deaths occurred this treatment group.  

 

Associations between obesity and all-cause mortality were significant, and were similar to 

those found with breast cancer specific mortality overall, and among premenopausal 

women (Table 4.5).  Among all women, a statistically significant interaction between 

obesity and menopausal status was detected, and the association between obesity and all-

cause mortality was greater in premenopausal versus postmenopausal women (p for 

interaction = 0.009).  Among postmenopausal white women, both overweight and severe 

obesity, but not obesity, were significantly associated with increased mortality (HR for 

overweight: 1.13, 95% CI: 1.00-1.29; HR for severe obesity: 1.20, 95% CI: 1.02-1.41).  

However, among postmenopausal black women, there was no significant association 

between any category of obesity and mortality.  For women treated with chemotherapy, all 

levels of overweight and obesity were associated with increased risk for all-cause mortality, 

regardless of race.  For women who were not treated with chemotherapy, only severely 

obese white women experienced increased risk of mortality (HR: 1.39, 95% CI: 1.06-1.82).  
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Discussion 

In this large, nationally representative study of 18,600 women with breast cancer, we found 

that obesity at diagnosis is significantly associated with increased risk for breast cancer 

specific and overall mortality in both white and black women.  Further, we observed that 

the increased risk associated with obesity is largely driven by premenopausal women, 

irrespective of race. Among premenopausal black women, being obese conferred a more 

than 2-fold increased risk of breast cancer death; for white premenopausal women, obesity 

was associated with 1.5-fold increased risk.  We also showed that obesity is a significant 

prognostic factor in women with hormone receptor positive disease, and that this is true for 

black women as well as white women.  Associations between obesity and poor outcomes 

have previously been reported for premenopausal white women, and white women with 

ER positive disease.  However, ours is the first study to report these associations among 

black women.  

 

Three previous studies have explicitly examined the association between obesity and 

mortality in breast cancer survivors by black and white race[9-11].  Two of these studies[9, 

10] were incorporated into the pooled analysis[11]. One study was conducted among 

postmenopausal women in the Multiethnic Cohort study, and found that pre-diagnostic 

obesity was significantly associated with increased all-cause and breast cancer specific 

mortality overall, although being overweight was not[9].  In analyses stratified by 

race/ethnicity, the increased risk remained significant only for white women, although 

trends for increased risk with obesity were observed across the other ethnic groups.  This 
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study was limited by missing ER status in 31% of cases and lack of information on 

comorbidities, both of which, in our analyses, were significantly different across races.  

Notably, this study also only included postmenopausal women, and the results of our 

analysis showed a lack of association between obesity and breast cancer specific mortality 

in postmenopausal women of both white and black race.  

 

Lu et al. evaluated the association between obesity (as measured by self-reported BMI five 

years prior to diagnosis) and survival among black and white women with invasive breast 

cancer aged 35-64 years[10].  In this study, black women overall were significantly more 

likely to die of breast cancer or any cause. Obesity was associated with increased risk for 

both breast cancer-specific and all-cause mortality overall.  In estimates stratified by race, 

obesity was significantly associated with both breast cancer-specific and all-cause 

mortality among white women; estimates among black women were null.  Further, the 

trends for black women and white women were statistically significantly different from 

one another.  In a mediation analysis, the authors found that BMI did not mediate the 

association between black race and increased mortality, after adjustment for age, education, 

tumor characteristics, study site, and comorbidity.  Because this study relied on self-report 

for BMI prior to diagnosis, it is possible that measurement error may have biased their 

results toward the null. 

 

Lastly, Kwan et al. (2014) performed a pooled analysis of pre-diagnostic body size and 

mortality by race/ethnicity in breast survivors from the California Breast Cancer 

Survivorship Consortium[11].  BMI was derived from self-reported or measured weight 
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and height at least 6 months prior to breast cancer diagnosis (up to a mean of five years 

prior to diagnosis for three of the six studies).  They found that survivors who were 

underweight (BMI < 18.5 kg/m2) or morbidly obese (BMI > 40 kg/m2) had significantly 

greater risk of both breast cancer-specific and all-cause mortality compared to normal 

weight survivors overall.  However, there was no significantly increased risk of death 

associated with intermediate categories of BMI (overweight, obesity, or severe obesity), 

which is in contrast with most previous studies.  Upon stratification by race/ethnicity, 

similar associations were observed among the non-Hispanic white women and Hispanics, 

but not among black women, for whom there was no association between any level of 

overweight/obesity and mortality.  Stratification by ER/PR status did not reveal statistically 

significant interactions of BMI and breast cancer-specific mortality, although the number 

of outcomes in some categories was small.  Further, no significant interactions were found 

by menopausal status, or by hormone receptor and menopausal status within race/ethnic 

groups.  Although this study was large (over 11,000 women), multiple stratifications 

resulted in some lack of power to detect associations. Further limitations of this study 

included missing ER/PR status on 15% of cases, the lag time between BMI ascertainment 

and breast cancer diagnosis, and lack of details on treatment, such as dose and duration.   

 

While 56% of black women in the US were obese, according to 2011-2012 estimates, the 

prevalence of obesity among black women in these cohorts ranged from 27%[10] to just 

below 40%[9, 11].  Although these studies took place in cohorts that were assembled in 

the 1990s and 2000s, prevalence of obesity and overweight in the black population during 

1999-2010 was just as high as what has been seen more recently[16]. The prevalence of 
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overweight and obesity in our study is much more similar to national estimates by race, 

strengthening the generalizability of our findings. Further, in our analyses, we were able to 

detect significantly increased risk for breast cancer mortality among black women only in 

the higher categories of BMI.  Previous studies may not have had sufficient power to detect 

associations at higher levels of BMI among black women.   

 

Importantly, in our analyses, the strongest associations between obesity and breast cancer 

mortality for both black and white women was observed in premenopausal women. Our 

findings are supported by previous meta-analyses in mostly white women that have shown 

significantly increased risk of all cause and breast cancer specific mortality in obese 

premenopausal women[7, 8].  Two of the previous studies examined obesity-mortality 

associations by race and menopausal status and they reported no significant differences by 

menopausal status, with null results among black premenopausal women, although for one 

study data were not shown[11].  However, it is possible that this study also lacked power 

to detect associations among black premenopausal women.  Mean age of diagnosis of 

breast cancer in the larger previous study was 60 years[11], versus 55 years in our study, 

(and 54 years in the black women), and our study had a greater proportion of 

premenopausal women overall.   

 

The hypothesized mechanisms underlying the poorer prognosis conferred by obesity in 

women with breast cancer include hormone-related and unrelated pathways.  Excess 

adipose tissue increases aromatase expression and circulating estrogens in postmenopausal 

women[17].  In addition, obesity is associated with increased levels of insulin[18], leptin 
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and other adipocytokines[19], and activation of the insulin growth-like factor axis[20]. 

Although the relative proportions of obesity, severe obesity, and morbid obesity differ by 

race among women in the US, we do not have reason to believe that the effect of obesity 

on breast cancer prognosis in women should differ significantly by race.  

 

Increased estrogens could aid breast tumor growth, particularly hormone receptor positive 

tumors.  In our study we found that obesity was associated with significantly worse 

mortality in women with hormone receptor positive disease, and did not find significant 

associations in hormone receptor negative disease. In an analysis of clinical trial data, 

Sparano et al. found that obese women with ER positive disease had significantly worse 

disease-free and overall survival compared to lean women with ER positive disease[21].  

While our estimates for obesity and breast cancer specific mortality did not reach statistical 

significance among postmenopausal women, estimates for white women in the highest 

BMI category were similar to what has been reported previously[8].   

 

We also found that after stratifying by treatment with chemotherapy, associations between 

obesity and mortality remained significant among only those treated with chemotherapy.  

These findings were similar across racial groups.  However, after stratifying by menopausal 

status, it was again only among premenopausal women of both races that we observed 

significant associations.  The number of events occurring in women not treated with 

chemotherapy, however, was small, and limited our ability to determine if there were 

meaningful differences by menopausal status and/or race in this treatment category.  
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Limitations of our study include the fact that we did not have measures of weight change 

post-diagnosis, and therefore could not study weight gain after breast cancer that may have 

a negative impact on prognosis[22-24].  Further we lacked other measures of adiposity, 

such as waist-hip ratio, that may have important implications for breast cancer prognosis. 

There is some evidence that increased central, or abdominal, adiposity is a significant 

prognostic factor for breast cancer mortality, independent of BMI[25].  Strengths of our 

study include the large sample size and the representative proportions of BMI categories 

by race compared to the general population. Therefore, compared to previous studies, our 

findings may have greater relevance to the growing population of obese and severely obese 

women in the US and globally.  Weight and height were measured in our study at 

presentation, eliminating issues associated with self-report. We also had detailed 

information on treatment, comorbidities, tumor receptor status, stage, and socioeconomic 

factors that could confound associations between obesity and mortality by race.   

 

Our results show that obese black women relative to lean black women have an increased 

risk for breast cancer specific and overall mortality that is similar to what has been observed 

in white women. This information may help inform future interventions targeted to 

reducing breast cancer mortality in both black and white women who are obese.  Future 

research is needed to determine whether intentional weight loss after breast cancer 

diagnosis in obese women improves prognosis. While some observational studies have 

reported that weight loss > 10% of body weight after diagnosis was associated with 

increased mortality risk, even in overweight/obese women, it is unclear if this weight loss 

was intentional, or was a result of poor health[26, 27].  Interventional randomized trials to 
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evaluate the effect of weight loss on breast cancer outcomes in obese women are currently 

ongoing and it remains to be seen whether these interventions will improve breast cancer 

survival in obese women of all races.  
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Chapter 4 Tables 
 

Table 4.1 Baseline demographic and clinical characteristics of women in the NCCN Breast 
Cancer Outcomes Database, by race. 
     

 
Non-Hispanic 

White 
Non-Hispanic 

Black All Races  
 n=15,189 n=1475 n=18,600 p-value 
     

Age at presentation, mean y, 
(SD) 

55.3 (12.4) 53.6 (12.5) 54.8 (12.4) <0.001 

BMI at presentation, mean 
kg/m2 (SD) 

27.4 (6.2) 31.3 (7.2) 27.7 (6.3) <0.001 

BMI category at presentation, 
kg/m2:     

<18.5 1.4% 0.9% 1.4% <0.001 
18.5 to <25 39.9% 17.6% 37.9%  
25 to <30 30.5% 27.5% 30.2%  
30 to <35 16.8% 26.8% 17.7%  
35 to <40 7.2% 14.9% 7.9%  
>=40 4.2% 12.2% 4.9%  

     
Education category     

Less than high school 4.7% 11.7% 5.3% <0.001 
High school graduate 21.4% 22.3% 21.5%  
Some college 21.7% 24.4% 21.9%  
College graduate 21.2% 13.7% 20.6%  
Graduate school 16.1% 10.1% 15.5%  
Other 0.5% 0.4% 0.5%  
Missing 14.4% 17.5% 14.7%  

     
Employment category     

Full-time >= 32 hr/wk 40.9% 41.7% 40.9% <0.001 
Part-time work 8.5% 4.7% 8.2%  
Student 0.8% 1.2% 0.9%  
Homemaker 16.9% 9.8% 16.2%  
On medical leave 1.1% 2.0% 1.2%  
Disabled 1.9% 8.1% 2.5%  
Unemployed, looking 1.8% 4.8% 2.1%  
Retired 19.0% 18.7% 19.0%  
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Other 2.4% 1.9% 2.4%  
Missing 6.6% 7.0% 6.7%  

     
Income category, annual    

<=$33,654 16.3% 46.4% 18.9% <0.001 
$33,656 - $41,055 19.5% 18.8% 19.4%  
$41,173 - $50,825 19.4% 14.1% 19.0%  
$50,840 - $63,996 20.3% 10.0% 19.4%  
$64,000+ 20.8% 7.4% 19.6%  
Missing 3.8% 3.4% 3.7%  

     
Insurance category     

Private/Commercial 65.8% 57.0% 65.0% <0.001 
Medicaid 3.5% 13.4% 4.4%  
Medicare 28.0% 26.7% 27.9%  
Indemnity 1.6% 1.9% 1.6%  
Other 0.5% 0.8% 0.6%  
Missing 0.6% 0.1% 0.5%  

     
Stage at diagnosis, TNM    

I 50.0% 37.0% 47.9% <0.001 
II 38.4% 42.7% 39.0%  
III 11.6% 20.3% 12.8%  

     
Hormone receptor status*    

Positive 77.5% 62.5% 76.0% <0.001 
Negative 21.0% 35.6% 22.5%  
Missing 1.5% 1.9% 1.5%  

     
HER2 receptor status     

Negative 70.9% 67.5% 70.3% 0.017 
Equivocal 2.9% 3.9% 2.9%  
Positive 15.0% 16.6% 15.5%  
Missing 11.3% 12.0% 11.3%  

     
Triple Negative     

Yes 12.8% 23.0% 13.7% <0.001 
No 83.3% 70.5% 82.3%  
Unknown/Missing 390.0% 650.0% 410.0%  

     
Histologic category     

Ductal 77.7% 84.4% 78.3% <0.001 
Lobular 9.8% 7.0% 9.5%  
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Mixed Ductal & Lobular 8.2% 4.0% 7.8%  
Other 4.3% 4.6% 4.3%  

     
Comorbidity Index Score    

None 79.7% 70.4% 79.0% <0.001 
Mild, 1-2 18.4% 26.0% 19.1%  
Moderate, 3-4 1.4% 3.0% 1.5%  
Severe, >=5 0.5% 0.7% 0.5%  

     
Menopausal status at diagnosis    

Postmenopausal 61.4% 61.8% 61.5% 0.09 
Premenopausal 36.2% 36.3% 36.2%  
Periods while on HRT 1.6% 0.8% 1.5%  
Missing 0.8% 1.0% 0.8%  

     
Definitive Surgery Type    

Breast conserving surgery 58.0% 53.3% 57.7% <0.001 
Mastectomy 41.3% 44.8% 41.5%  
No definitive surgery 0.7% 1.9% 0.8%  

     
Chemotherapy     

None 30.1% 21.6% 29.4% <0.001 
Yes 61.0% 69.0% 61.9%  
Missing 8.9% 9.1% 8.8%  

     
Hormone therapy     

None 26.6% 41.9% 27.8% <0.001 
Yes 70.8% 55.7% 69.6%  
Missing 2.6% 2.4% 2.6%  

     
* hormone receptor status defined as positive if tumors were positive for either estrogen or 
progesterone receptor. 
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Table 4.2 Cox proportional hazards ratios (HR) and 95% confidence intervals (CI) for the 
association between black versus white race and breast cancer-specific mortality. 

  Univariate Model 1 Model 2 Model 3 
  HR 95% CI HR 95% CI HR 95% CI HR 95% CI 
White 1 - 1 - 1 - 1 - 
Black 1.93 1.69-2.21 1.75 1.52-2.00 1.68 1.46-1.93 1.28 1.11-1.48 
1 adjusted for BMI only 
2 adjusted for BMI plus age at presentation 

3 fully adjusted for BMI, age, study site, chemotherapy, hormone treatment, surgery type, 
menopausal status, comorbidity score, diagnosis date, insurance status, income, and stratified 
by stage and hormone receptor status 
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Table 4.3 Cox proportional hazard ratios for breast-cancer specific mortality by BMI, race, menopausal status, and tumor subtype. 
              

 All women Non-Hispanic White Non-Hispanic Black 
p-
value* 

Overall events 
person

-yrs HR 95% CI events 
person

-yrs HR 95% CI events 
person

-yrs HR 95% CI 
 

BMI 
category                

 

<18.5 19 1952 0.93 0.59-1.47 15 1564 0.99 0.59-1.65 3 89 1.38 0.41-4.61 0.67 

18.5-24.9 591 52,365 1 - 503 44,905 1 - 34 1897 1 - - 

25.0-29.9 573 40,074 1.15 1.02-1.29 451 33,122 1.13 0.99-1.29 67 2799 1.32 0.86-2.03 0.47 

30.0-34.9 367 22,446 1.24 1.08-1.42 267 17,915 1.2 1.03-1.40 66 2503 1.52 0.98-2.34 0.31 

35.0+ 293 15,330 1.31 1.13-1.52 196 11,491 1.31 1.11-1.59 80 2576 1.54 1.01-2.35 0.59 

p-trend   <0.001      0.001     0.023   

                 

Premenopausal                
BMI 
category                

 

18.5-24.9 301 24,633 1 - 260 20,548 1 - 15 899 1 - - 

25.0-29.9 219 13,618 1.25 1.05-1.49 160 10,676 1.17 0.96-1.44 28 1092 1.78 0.91-3.46 0.21 

30.0-34.9 134 5985 1.54 1.25-1.90 89 4536 1.46 1.14-1.87 31 803 2.24 1.15-4.37 0.13 

35.0+ 108 4520 1.59 1.26-2.01 72 3272 1.61 1.23-2.10 30 838 2.31 1.16-4.61 0.45 

p-trend   <0.001      <0.001     0.016   

                 

Postmenopausal                
BMI 
category                

 

18.5-24.9 285 26,176 1 - 239 22,937 1 - 19 949 1 - - 

25.0-29.9 342 25,334 1.08 0.92-1.26 279 21,476 1.11 0.94-1.33 39 1629 1.05 0.59-1.87 0.92 

30.0-34.9 226 15,997 1.08 0.90-1.29 173 12,991 1.1 0.90-1.34 33 1643 0.99 0.55-1.80 1.00 

35.0+ 180 10,492 1.18 0.97-1.44 120 7932 1.21 0.96-1.51 49 1720 1.07 0.61-1.89 0.94 

p-trend   0.1      0.109     1   

                 

Hormone receptor positive               
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BMI 
category                

 

18.5-24.9 335 40,425 1 - 288 35,013 1 - 17 1251 1 - - 

25.0-29.9 331 31,211 1.15 0.98-1.34 272 26,249 1.16 0.98-1.37 32 1744 1.48 0.80-2.74 0.64 

30.0-34.9 207 17,069 1.3 1.09-1.56 148 13,980 1.2 0.98-1.48 38 1654 1.99 1.07-3.69 0.11 

35.0+ 167 11,566 1.44 1.18-1.75 115 9051 1.38 1.10-1.72 44 1616 2.15 1.16-3.97 0.22 

p-trend   <0.001      0.005     0.009   

                 
Hormone receptor negative               
BMI 
category                

 

18.5-24.9 253 10,772 1 - 212 8908 1 - 17 590 1 - - 

25.0-29.9 240 8124 1.17 0.98-1.40 177 6230 1.12 0.91-1.37 35 973 1.18 0.64-2.18 0.60 

30.0-34.9 159 4995 1.19 0.97-1.47 119 3636 1.23 0.98-1.55 27 786 1.15 0.60-2.21 0.88 

35.0+ 124 3489 1.21 0.97-1.52 80 2249 1.24 0.95-1.62 36 900 1.07 0.58-1.98 0.88 

p-trend   0.058      0.043     0.911   

                 
Triple Negative               
BMI 
category                

 

18.5-24.9 155 5,860 1 - 128 5039 1 - 14 245 1 - - 

25.0-29.9 155 4750 1.22 0.97-1.54 111 3634 1.18 0.91-1.54 21 575 0.8 0.38-1.69 0.50 

30.0-34.9 108 3000 1.27 0.98-1.64 82 2135 1.44 1.07-1.92 18 555 0.68 0.31-1.53 0.10 

35.0+ 81 2100 1.28 0.97-1.70 50 1374 1.25 0.89-1.76 25 525 0.9 0.43-1.90 0.74 

p-trend   0.079      0.056     0.722   

              
adjusted for age at presentation, chemotherapy, hormonal treatment, surgery type, comorbidity score, diagnosis date, study center, 
insurance status, income, and stratified by stage and hormone receptor status. 
* p-value for interaction terms 

 

 
 
 

 
Table 4.4 Cox proportional hazard ratios for breast cancer specific mortality, by race, BMI, menopausal status, and treatment type. 
 Chemotherapy 



 114 

 All Women Non-Hispanic White Non-Hispanic Black 

Overall events 
person-

yrs HR 95% CI events person-yrs HR 95% CI events person-yrs HR 95% CI 
BMI category                 
18.5-24.9 503 32,909 1 - 432 27,769 1 - 24 1218 1 - 

25.0-29.9 480 25,056 1.16 
1.02-
1.31 377 20,078 1.14 0.99-1.31 54 1894 1.52 

0.93-
2.48 

30.0-34.9 308 13,506 1.28 
1.11-
1.49 223 10,348 1.25 1.05-1.47 57 1760 1.77 

1.08-
2.88 

35.0+ 250 9,761 1.35 
1.15-
1.58 166 7074 1.34 1.12-1.62 68 1780 1.7 

1.05-
2.77 

p-trend   <0.001      <0.001       0.044 
                  
Premenopausal                 
BMI category                 
18.5-24.9 285 19,142 1 - 251 15,966 1 - 13 699 1 - 

25.0-29.9 209 11,220 1.25 
1.04-
1.49 156 8760 1.17 0.96-1.44 23 872 1.76 

0.84-
3.65 

30.0-34.9 126 4919 1.55 
1.25-
1.92 86 3681 1.47 1.14-1.89 26 678 2.19 

1.06-
4.52 

35.0+ 104 3756 1.62 
1.28-
2.05 71 2668 1.64 1.25-2.16 27 718 2.26 

1.08-
4.77 

p-trend   <0.001      <0.001      0.028   
                  
Postmenopausal                 
BMI category                 
18.5-24.9 214 12,797 1 - 178 10,940 1 - 11 487 1 - 

25.0-29.9 259 13,154 1.05 
0.88-
1.26 209 10,732 1.09 0.89-1.33 31 974 1.64 

0.79-
3.39 

30.0-34.9 177 8276 1.1 
0.89-
1.35 133 6397 1.11 0.88-1.39 30 1055 1.61 

0.78-
3.32 

35.0+ 141 5790 1.14 
0.91-
1.43 91 4210 1.16 0.90-1.51 40 1055 1.51 

0.74-
3.09 

p-trend   0.152      0.19      0.576   
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No Chemotherapy 
All Women Non-Hispanic White Non-Hispanic Black  

Overall events 
person-

yrs HR 95% CI events 
person-

yrs HR  95% CI events 
person-

yrs HR 95% CI 
BMI category               
18.5-24.9 41 14,587 1 - 34 12,871 1 - 4 446 1 - 
25.0-29.9 56 11,803 1.38 0.91-2.08 48 10,296 1.48 0.94-2.33 4 599 0.78 0.12-5.19 
30.0-34.9 33 7102 1.18 0.73-1.90 26 6026 1.28 0.76-2.16 3 557 0.22 0.03-1.76 
35.0+ 26 4383 1.41 0.83-2.39 17 3514 1.34 0.73-2.46 9 602 1.15 0.19-6.87 
p-trend   0.303      0.465     0.68  
                
Premenopausal               
BMI category               
18.5-24.9 3 3842 1 - 2 3256 1 - 0 84 1 - 
25.0-29.9 2 1821 1.16 0.08-17.25 1 1462 -   1 145 -  
30.0-34.9 1 748 0.67 0.02-21.47 0 615 -   1 74 -  
35.0+ 3 526 8.52 0.75-96.9 0 426    3 81   
p-trend   0.103             
                
Postmenopausal               
BMI category               
18.5-24.9 38 10,312 1 - 32 9211 1 - 4 346 1 - 
25.0-29.9 54 9613 1.4 0.92-2.15 47 8514 1.49 0.94-2.38 3 432 0.29 0.02-4.00 
30.0-34.9 30 6240 1.1 0.67-1.80 25 5320 1.26 0.74-2.16 1 464 0.02 0.01-0.43 
35.0+ 23 3763 1.31 0.75-2.28 17 3006 1.36 0.73-2.53 6 510 0.19 0.01-2.33 
p-trend   0.443      0.372     0.278  
adjusted for age, diagnosis date, study center, surgery type, income category, insurance status, and comorbidity score, stratified by stage and 
hormone receptor status. 
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Table 4.5 Cox proportional hazard ratios for all-cause mortality by BMI, race/ethnicity, menopausal status, and treatment. 
             
 All Women Non-Hispanic White Non-Hispanic Black 

Overall events 
person-

yrs HR 95% CI events 
person-

yrs HR 95% CI events person-yrs HR 
95% 
CI 

BMI 
category               

<18.5 36 1952 1.19 0.86-1.67 28 1564 1.22 0.83-1.77 4 89 1.37 
0.48-
3.89 

18.5-24.9 892 52,365 1 - 771 44,905 1 - 48 1897 1 - 

25.0-29.9 902 40,074 1.13 1.03-1.24 739 33,122 1.13 1.02-1.25 92 2799 1.28 
0.89-
1.84 

30.0-34.9 565 22,446 1.15 1.03-1.28 437 17,915 1.14 1.01-1.28 85 2503 1.37 
0.94-
1.98 

35.0+ 451 15,330 1.25 1.11-1.41 316 11,491 1.24 1.08-1.42 110 2576 1.44 
1.01-
2.06 

p-trend   <0.001     0.003     0.076  
               
Premenopausal              
BMI 
category               
18.5-24.9 337 24,633 1 - 292 20,548 1 - 17 899 1 - 

25.0-29.9 239 13,618 1.2 1.02-1.43 175 10,676 1.13 0.94-1.37 32 1092 1.76 
0.94-
3.32 

30.0-34.9 152 5985 1.55 1.27-1.89 105 4536 1.52 1.21-1.91 32 803 2.06 
1.09-
3.92 

35.0+ 122 4520 1.56 1.25-1.94 79 3272 1.52 1.17-1.97 37 838 2.47 
1.29-
4.72 

p-trend   <0.001     <0.001     0.006  
               
Postmenopausal              
BMI 
category               
18.5-24.9 542 26,176 1 - 469 22,937 1 - 30 949 1 - 

25.0-29.9 642 25,334 1.11 0.99-1.24 544 21,476 1.13 1.00-1.29 60 1629 1.16 
0.73-
1.84 

30.0-34.9 404 15,997 1.04 0.91-1.18 325 12,991 1.06 0.92-1.23 51 1643 1.06 
0.65-
1.71 
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35.0+ 318 10,492 1.18 1.02-1.37 227 7932 1.2 1.02-1.41 72 1720 1.15 
0.73-
1.81 

p-trend   0.107     0.094     0.851  
               
Chemotherapy              
BMI 
category               
18.5-24.9 591 32,909 1 - 507 27,769 1 - 27 1218 1 - 

25.0-29.9 596 25,056 1.18 1.05-1.33 475 20,078 1.17 1.03-1.33 65 1894 1.59 
1.01-
2.53 

30.0-34.9 373 13,506 1.26 1.10-1.44 279 10,348 1.25 1.08-1.46 62 1760 1.7 
1.07-
2.70 

35.0+ 312 9761 1.37 1.18-1.58 207 7074 1.34 1.13-1.58 84 1780 1.82 
1.16-
2.87 

p-trend   <0.001     <0.001     0.017  
               
No Chemotherapy              
BMI 
category               
18.5-24.9 192 14,587 1 - 171 12,871 1 - 10 446 1 - 

25.0-29.9 202 11,803 1.09 0.89-1.33 179 10,296 1.12 0.90-1.39 14 599 1.16 
0.45-
2.97 

30.0-34.9 134 7102 1.08 0.86-1.36 112 6026 1.11 0.87-1.41 14 557 0.55 
0.20-
1.48 

35.0+ 108 4383 1.32 1.02-1.69 86 3514 1.39 1.06-1.82 19 602 0.8 
0.31-
2.08 

p-trend   0.062     0.034     0.327  
             
adjusted for age at presentation, chemotherapy, hormonal treatment, surgery type, comorbidity score, diagnosis date, study center, insurance status, 
income, and stratified by stage and hormone receptor status. 
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Chapter 5: Conclusion 
 
The main goal of this dissertation was to address key questions about weight and its 

relationship with disease outcomes for women with breast cancer.  A quarter of a million 

women are diagnosed with breast cancer in the US annually, and most are diagnosed at an 

early stage, when the goal of therapy is to prevent the disease from recurring. It has become 

evident that modifiable lifestyle factors, such as obesity, have a role in preventing disease 

progression. In women with breast cancer, obesity at diagnosis, and weight gain after 

diagnosis, may increase risk for disease outcomes in these women, including breast cancer 

recurrence and death, heart disease, and diabetes. From a public health standpoint and 

given the prevalence of obesity in the US, it is important for us to understand the impact 

of adiposity on breast cancer outcomes in young and older women, as well as in women of 

all races.  

 

Although there have been a number of studies demonstrating increased risk of mortality 

associated with obesity in women with breast cancer, there were significant gaps in the 

literature. Few studies have examined the relationship between obesity and breast cancer 

outcomes in women by tumor subtype, or by menopausal status.  Those that have analyzed 

these subgroups have yielded conflicting results.  In addition, most studies to date have 

been conducted among white women, and the few that have included black women failed 

to find associations between obesity and breast cancer outcomes.  

 

We aimed to answer the following questions: Are women with breast cancer at increased 

risk for weight gain after diagnosis compared to cancer-free women?  What is the effect of 
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obesity at diagnosis on breast cancer mortality, among pre- versus postmenopausal women, 

and those with different tumor subtypes?  And is this relationship the same in black and 

white women? 

 

Weight gain after breast cancer 

Despite numerous reports documenting weight gain in women after breast cancer[1], only 

a few studies have examined whether women with breast cancer are at greater risk for 

weight gain than their cancer-free peers[2, 3]. Therefore, it has remained unclear whether 

weight gain observed in breast cancer survivors is a result of cancer and its treatments, or 

simply the typical effects of aging and menopause. Further, this is the first study to have 

evaluated risk of weight gain after breast cancer in survivors who have a family history of 

breast cancer, a high-risk group.  

 

Our study found that breast cancer survivors were more likely to gain weight than cancer-

free women from the same high-risk cohort, matched on age and menopausal status.  In 

particular, we found that over four years of follow-up, survivors overall gained 3.2 more 

pounds than cancer-free women on average.  The survivors who gained the most weight 

after diagnosis were premenopausal women, those treated with chemotherapy in the last 

five years, and women with estrogen receptor (ER) negative tumors, whose weight 

increased on average by over 7 pounds more than cancer-free women.  We also evaluated 

weight gain of at least 11 pounds as an outcome, because this amount of weight gain during 

adulthood has been linked to significantly increased risk of coronary heart disease[4] and 

diabetes[5] in women. We found that survivors treated with chemotherapy in the previous 
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five years were at 2-fold increased risk of gaining this amount of weight relative to cancer-

free women.   

 

Our findings show that significant weight gain is a concern among breast cancer survivors 

with a family history.  The focus for this population is typically cancer prevention and early 

detection using prophylactic surgeries and/or intensive screening.  Conversations in the 

clinic may not therefore highlight the issue of weight or weight gain for these women. 

Further, in this high-risk population, breast cancer survivors gained weight at a faster rate 

than cancer-free women with the same familial risk. The finding that the survivors most at 

risk for weight gain were those who were treated with chemotherapy suggest that the 

underlying etiology may be related to the treatment. Weight gain interventions should also 

be evaluated in this high-risk population.   

 

These findings may also have relevance beyond women with a family history of breast 

cancer. Because breast cancer was the exposure in this study, and weight gain was the 

outcome, we may be able to generalize our results to the general population.  We do not 

expect the effect of breast cancer and its treatments on weight gain to be significantly 

different in the high risk versus general population.   

 

Obesity and breast cancer mortality 

We also examined the effect of obesity at time of diagnosis on breast cancer mortality, 

given the associations between treatment, menopausal status, tumor subtype, and weight 

gain we observed in our first study. We focused on two areas: i) how obesity effects breast 
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cancer mortality by menopausal status and tumor subtype and ii) the impact of race on the 

association of obesity with breast cancer mortality  

 

Obesity is a significant public health problem, with an estimated prevalence of 30% of non-

Hispanic white women, and 56% of non-Hispanic black women over age 20 years in the 

US, according to 2011-2012 estimates[6]. Recent meta-analyses have reported an increased 

risk for overall and breast cancer specific death in women that are obese at diagnosis 

compared to women of a normal weight[7, 8].  But most studies have not examined whether 

this increased risk differs by menopausal status, tumor subtype, or race. Few studies have 

examined tumor subtype specific estimates, or estimates stratified by menopausal status.  

The studies that have examined these subgroups have had conflicting results, and have 

been limited by small sample sizes by subgroup, and/or short follow-up time. Further, most 

studies have been done on white women; the few that have explicitly studied women of 

other ethnicities have found null associations for black women.   

 

We found that obesity in fact impacted disease progression among all premenopausal 

women with breast cancer, irrespective of subtype (ER-positive, ER-negative, HER2-

positive, and triple negative), whereas among postmenopausal women, obesity at diagnosis 

was associated with increased risk for breast cancer death for only the ER-positive subtype. 

The degree of increased risk conferred by obesity among premenopausal women did not 

appear to vary significantly by subtype, with estimates ranging from 1.48 (95% CI: 1.05-

2.08) in the triple negative subgroup, to 1.66 (95% CI: 1.30-2.12) in the ER-positive 

subgroup. These are novel findings, as previous studies have not stratified analyses by both 



 123 

menopausal status and tumor subtype. Our results show that the impact of obesity on 

disease outcome is most consistent in younger premenopausal women, regardless of 

subtype, suggesting that the null or conflicting findings from previous studies on tumor 

subtype may have been a result of not taking menopausal status into account. 

 

We also found that obesity was associated with increased risk for breast cancer mortality 

in black women. Our results show that obese black women relative to lean black women 

have an increased risk for breast cancer specific and overall mortality that is similar to what 

has been observed in white women.  This is in contrast to three previous studies that found 

no association between obesity and breast cancer mortality among black women.  The first 

of these studies was only among postmenopausal women; the second study ascertained 

weight via self-report five years prior to diagnosis; and the third study used pooled data 

from the other two studies.  These studies also had relatively small proportions of obesity 

among their black participants, much lower than what was seen in our study as well as in 

the general population. The larger of these studies also had a cohort with an older age at 

diagnosis and lower proportion of premenopausal women compared to our cohort overall.  

 

Collectively our findings have provided novel information on obesity and outcomes in 

women with breast cancer, with implications for public health, research,  and the clinical 

setting.  First, our results underscore the importance of maintaining a healthy weight and 

avoiding weight gain from a young age, as we showed that younger premenopausal women 

who were already obese at the time of breast cancer diagnosis were at greatest risk of dying 

of the disease. Second, our findings highlight the importance of monitoring weight after a 
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breast cancer diagnosis, given that we observed significantly increased risk for weight gain 

in breast cancer survivors compared to cancer-free women. Third, our results suggest that 

research on effective weight maintenance and reduction strategies be studied in women of 

all races, given that obesity had a negative impact on both black and white women with 

breast cancer.  

 

 

Further our findings identify several future directions for research. First, studies are needed 

to determine whether intentional weight loss after breast cancer diagnosis in obese women 

improves prognosis (some of which are ongoing). While some observational studies have 

reported that weight loss > 10% of body weight after diagnosis was associated with 

increased mortality risk, even in overweight/obese women, it is unclear if this weight loss 

was intentional, or was a result of poor health[9, 10]. A recent interventional randomized 

trial showed success in helping overweight and obese breast cancer survivors achieve and 

maintain modest weight loss (3.7% of body weight) up to two years after intervention[11]. 

Second, mechanistic studies are needed to inform our understanding of the causes of weight 

gain in women after breast cancer, particularly after treatment with chemotherapy.  While 

there is some support for the hypothesis that chemotherapy may alter body composition 

and induce metabolic changes, such as increased insulin resistance, more work is needed 

to determine the pattern of these changes over time in relation to treatment and weight gain.  

Mechanistic studies are also needed to inform our understanding of how obesity at 

diagnosis increases mortality, particularly in premenopausal women.   
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