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Abstract

Obesity rates within the United States are on the rise. Obesity is a
known risk factor for various diseases, including cancer. Numerous
studies have linked obesity to the incidence and treatment outcomes
of breast cancer. However, the risk of obesity may vary between
breast cancer subtypes and different racial or age groups. In this
article, we review the literature regarding the impact of obesity
on incidence and response for different subtypes of breast cancer
within different population groups.

Introduction

Over a third of adults in the United States are classified as obese
and this number is rising with each passing year [1]. The impact
of obesity on the healthcare system is being realized, particularly
for women, with obesity related disease responsible for close to 1
in 4 deaths in US women [2]. Although obesity affects all races, the
prevalence of obesity in African American women is almost twice
that of non-Hispanic white women [3]. Annual age-standardized
incidence rates of obesity-related cancers are increasing, with
excess weight being associated to 8% of cancers in women from
developed countries [4]. High body mass index (BMI) (>30kg/m?)
has been directly linked to increased risk and poor outcomes for
many cancers, including breast cancer.

Breast cancer is a heterogenous disease composed of histopatho-
logical subtypes categorized by expression of the estrogen (ER) and
progesterone (PR), HER2 receptor (HER2), or lack thereof (triple
negative, TNBC). ER+ cancers represent about 60-70% of all breast
cancers. The TN subtype is less common making up about 10-15%
of breast cancers diagnosed within the US. TNBC occurs more
often in premenopausal and African American women and is as-
sociated with high-grade tumors and poorer outcomes than ER+
tumors [5,6]. Likewise, the HER2+ subtype represents about 10%
of breast cancers and is characterized by high grade tumors and
poor outcomes [6].

Obesity and Breast Cancer Incidence

Although obesity has been linked to development of breast cancer,
there are a variety of factors which influence this association,
including menopausal status, race, and distribution of adiposity.
These factors may also influence the subtype of breast cancer which
develops: ER+, TN, or HER2+.

Multiple studies found obese premenopausal women have a reduced

risk of breast cancer, indicated by risk ratios (RR) of 0.86 [7] and
0.55 [8] and an increased risk of breast cancer in postmenopausal
women (RR 1.27) [8]. Additionally, breast cancer subtypes show
differing degrees of correlation with obesity. A study analyzed
breast cancer subtype incidence related to risk factors including
high BMI and waist-to-hip ratio (WHR) among both African
American and white women from the Carolina Breast Cancer Study
(CBCS) [9]. Breast cancer subtypes were defined as basal like (ER-,
PR-, HER2-), luminal B (ER+, PR+, HER2+), and HER2+/ER- and
were compared to luminal A breast cancer (ER+, PR+, HER2-)
[9]. Compared to luminal A, women with basal-like breast cancers
were more likely to have a BMI 230 in premenopausal women,
indicated by an odds ratio (OR) of 1.6, but no difference was found
in postmenopausal women [9]. Both pre and postmenopausal
women with luminal B breast cancer were less likely to have a high
BMI (= 30) than women with luminal A breast cancer (OR 0.7) [9].
Premenopausal women with HER2+/ER- breast cancer were also
less likely to have a high BMI than women with luminal A breast
cancer (OR 0.6), but this held little association in postmenopausal
women (OR 1.1) [9]. Interestingly, women with basal-like breast
cancers were more likely to have high WHR (= 0.84) regardless
of whether they were premenopausal (OR 1.9) or postmenopausal
(OR 1.4) [9]. Therefore, menopausal status and distribution of
adiposity (high BMI or WHR) appear to play a role in the varying
incidence of breast cancer subtype.

Not only does menopausal status and distribution of adiposity
relate to differing incidence of breast cancer subtypes, but race may
also play a role. It is established that African American women are
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already more likely to develop TN tumors than European- American
women [10], but the impact of obesity in this relationship is still
being elucidated. The AMBER Consortium studied the relationship
between obesity and breast cancer subtypes in African American
women, related to recent or young adult BMI and WHR [11]. The
study found a negative correlation between high BMI (> 30) as a
young adult and ER+ breast cancer (OR 0.65), and no association
between high BMI as a young adult and ER- or TN breast cancer
(ER- OR0.97; TN OR 1.08) [11]. Additionally, high BMI as a young
adult (= 30) was negatively correlated with breast cancer of all
subtypes in post-menopausal women (ER+ OR 0.68; ER- OR 0.78;
TN OR 0.77) [11]. Recent high BMI (= 35) was associated with an
increased risk of ER+ breast cancer in women who were thin as
young adults (BMI < 19.48) (OR 1.91) and decreased risk of ER-
breast cancer in post-menopausal women with a recent high BMI,
regardless of BMI as a young adult [11]. Interestingly, a positive
correlation was found between recent high WHR (> 0.88) and ER+
breast cancer (OR 1.35), and no association was found between high
WHR and ER- (OR 1.12) or TN breast cancer in premenopausal
women [11]. Alternatively, high WHR was positively correlated
with ER+ (OR 1.24), ER- (OR 1.31) and most prominently TN
breast cancer (OR 1.73) in post-menopausal women [11]. Overall,
breast cancer subtype incidence in both African American and
white women differs depending on a variety of factors, including
definition of obesity (BMI or WHR), menopausal status, and recent
or young adult obesity.

Obesity and Breast Cancer Outcomes

It has long been known that obesity has a negative influence on
breast cancer recurrence and survival [12-17]. Meta-analysis of the
current literature on the effect of obesity on breast cancer outcomes
has revealed worse overall and breast cancer specific survivals in
obese women diagnosed with breast cancer compared to non-
obese women [14,18]. Large population based cohort studies also
show that obesity can increase breast cancer mortality [19-20]. A
majority of studies define obesity as a BMI > 30. Widschwendter
et al. [21] further categorized obesity into slightly (30-34.9),
moderately (35-39.9), and severely obese (BMI240) and compared
each group to non-obese women. Only severely obese women
diagnosed with breast cancer had a significantly worse overall
and disease free survival compared to those with a normal BMI.
Breast cancer patients considered slightly or moderately obese
did not have significant differences in survival when compared to
patients with a normal BMI [21]. On the other hand, Berclaz et al.
[12] showed women diagnosed with breast cancer with a BMI>25
had worse overall and disease-free survivals compared to women
with BMI<25, however, women with a high BMI had high rates
of non-breast cancer death. When bodyweight is used instead of
BMI, a trend exists between increasing body weight and breast
cancer mortality only in women diagnosed with early stage breast
cancer, with high bodyweight having no adverse effect on outcome
in women with advanced stage disease [22].

Populations utilized in a majority of studies investigating obesity
and breast cancer outcomes tend to consist of postmenopausal

women, which usually have advanced stage disease at diagnosis
and poorer outcomes [14,23]. Limited studies comparing pre- and
postmenopausal women diagnosed with breast cancer reveal obese
premenopausal women have worse progression free survival and
overall survival compared to obese postmenopausal women [12,24-
26]. However, other studies have shown that obesity significantly
increases breast cancer mortality and rate of recurrence regardless
of menopausal status [27-30]. In addition, it has been shown that
there are variations in breast cancer outcomes between ethnicities;
however, there is limited data on the effects of obesity on breast
cancer outcomes in ethnically diverse populations. Comparisons
of women of African, Hispanic, and Asian ancestry in the United
States diagnosed with breast cancer have shown that there is an
adverse effect of obesity on breast cancer survival in women of Asian
descent with similar survival rates between African Americans and
Hispanics and non-Hispanic whites [31]. However other studies
have shown no effect of race on outcome. Investigation of a cohort
of ethnically diverse postmenopausal women found that obese
women had a higher risk of overall and breast cancer specific
mortality with ethnic differences not having an effect on mortality
[32]. In addition, Maskarinec et al. [33] found that survival in
obese women diagnosed with breast cancer from ethnically diverse
backgrounds have similar survival rates. An investigation done
by Dignam et al. [34] on obesity and race on prognosis of women
diagnosed with ER negative breast cancer revealed that, after
adjusting for BMI, African-American women had worse disease
free survival and a higher risk of non-breast cancer death compared
to Caucasian women, however, death due to breast cancer was
similar between both populations. Further studies comparing age,
race, obesity, and breast cancer outcomes need to be completed in
larger cohorts before conclusions can be made.

Numerous studies have shown that obesity either before or after
diagnosis is associated with poorer survival when all breast cancer
subtypes are combined [18,27,32,35-37]. However, investigating
the effect of obesity on prognosis of the different breast cancer
subtypes produces mixed findings. Obesity in women with ER
positive breast cancer did not affect the risk of recurrence or
breast cancer mortality but was associated with increased risk of
contralateral breast cancer, other primary cancers, and overall
mortality [16,34]. However, other studies have shown no significant
association between ER status and BMI [23]. In addition, Pajares
et al. [38] showed that the negative effect of obesity on outcome
was similar across breast cancer subtypes (ER/PR positive/HER2
negative, HER2+, and TNBC). Triple-negative breast cancer is
considered to be an aggressive subtype and is typically associated
with poor outcome; however, the association between obesity
and outcome in women diagnosed with triple negative breast
cancer is inconsistent. Dawood et al. [39] showed no difference in
women with stage I-III TNBC in disease-free and overall survivals
across BMIs at diagnosis. In addition, two other studies showed
no association between BMI at diagnosis and TNBC prognosis
[40-41]. Interestingly, women with TNBC who were obese a year
before diagnosis had worse overall survival and recurrence/disease-
specific survival when compared to normal weight women and this
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appeared stronger in premenopausal women [42-43]. However,
obesity at the time of diagnosis or six months post-diagnosis had
no association with outcome [42]. In addition, a study to investigate
the effects of BMI on the survival of women with differing subtypes
of breast cancer showed that women with TNBC who were severely
obese (BMI>40) had significantly worse overall and disease-free
survival compared to normal weight women. However, women
with a BMI of 30-39.9 who were diagnosed with TNBC did not
have significantly worse outcomes. In patients with luminal A-like,
luminal B-like, and HER2-positive breast cancer, BMI had no
significant effect on survival [21].

Many studies have shown an association between obesity
and overall survival [12-17]. However, discrepancy lies in the
association between BMI and disease-free survival. Some studies
have shown that obese breast cancer patients have worse disease-
free survival [13,15,17,44]. However other studies have reported no
association between obesity and disease-free survival [12,16,45]. In
a study done by Ewertz et al. [23], they separated estimates for the
development of locoregional or distant metastasis in comparison to
BMI. They found no association between BMI and the development
of locoregional metastasis; however 5 to 10 years after diagnosis,
the risk of developing distant metastasis increased 46% for patients
with a BMI higher than 25 kg/m?* Conversely, other studies have
shown no association between BMI and development of local
recurrence and/or distant metastasis [17,46]. Conversely, Marret
et al. [46] found that the risk of developing local recurrence was
actually less in obese patients, however, this study had a limited
number of patients. Interestingly, when you break down levels of
obesity and look at patients with BMI > 35, they had a significantly
higher risk of recurrence compared to patients with a BMI < 25
however patients with a BMI between 30-35 had similar prognosis
as normal weight individuals [38].

Conclusion

Although a general link between obesity and breast cancer
incidence and survival is apparent, the impact of obesity may differ
between the subtypes of breast cancer. Likewise, the role of obesity
among different races or age groups is still uncertain. Development
of breast cancer is a complex process that involves numerous
genetic and cellular changes, many of which may be altered by
obesity at different times over the life of the patient. Understanding
the role that obesity plays during breast cancer development and
treatment within specific racial or age groups may help to improve
population specific guidelines regarding obesity and breast cancer
risks. A major issue for data interpretation study comparison is the
definition of obesity, which varies significantly from study to study.
Until a standardized method is accepted, questions remain about
the role obesity plays within different populations and different
tumor types.
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