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Obesity is a global concern, affecting both developed and developing countries. Although there are large variations in obesity and breast
cancer rates worldwide and across racial/ethnic groups, most studies evaluating the impact of obesity on breast cancer risk and survival
have been conducted in non-Hispanic white women in the United States or Europe. Given the known racial/ethnic differences in tumor
hormone receptor subtype distribution, obesity prevalence, and risk factor profiles, we reviewed published data for women of African,
Hispanic, and Asian ancestry in the United States and their countries of origin. Although the data are limited, current evidence suggests
a stronger adverse effect of obesity on breast cancer risk and survival in women of Asian ancestry. For African Americans and Hispanics, the

strength of the associations appears to be more comparable to that of non-Hispanic whites, particularly when accounting for subtype

and menopausal status. Central obesity seems to have a stronger impact in African-American women than general adiposity as measured by

body mass index. International data from countries undergoing economic transition offer a unique opportunity to evaluate the impact

of rapid weight gain on breast cancer. Such studies should take into account genetic ancestry, which may help elucidate differences in

associations between ethnically admixed populations. Overall, additional large studies that use a variety of adiposity measures are needed,
because the current evidence is based on few studies, most with limited statistical power. Future investigations of obesity biomarkers
will be useful to understand possible racial/ethnic biological differences underlying the complex association between obesity and breast

cancer development and progression. Adv Nutr 2015;6:803-19.
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Introduction

Breast cancer is the most common cancer among women
worldwide, with an estimated 1.7 million new cases diag-
nosed in 2012, and represents 25% of all cancer diagnoses
(1). Incidence rates vary widely across geographic regions,
with the highest rates in North America, Australia, and
northern and western Europe and the lowest rates in large
parts of Africa and Asia. Mortality rates do not differ as
much due to better survival in developed countries, where
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incidence rates are also the highest (1). Although the variation
in incidence rates may reflect differences in screening and re-
porting practices and access to care, genetic, lifestyle, and en-
vironmental factors likely contribute to these differences.

Obesity, defined as a having a high BMI (in kg/m?; =30),
is a modifiable lifestyle factor known to affect breast cancer
risk and survival (2, 3), with a high prevalence worldwide,
which more than doubled between 1980 and 2014 (4).
The prevalence of obesity is highest in South Africa, fol-
lowed by North Africa and the Middle East and North
America (5). Over the next 2 decades, low- and middle-
income countries are expected to experience the largest pro-
portional increase in overweight and obesity rates (5).

In the United States, there are large differences in both
breast cancer rates and the prevalence of obesity across
racial/ethnic groups. Breast cancer incidence is higher in
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non-Hispanic white (NHW)'® women than in other groups,
with the lowest rates observed in Asian Americans/Pacific Is-
landers (6). Five-year breast cancer—specific survival rates
are lowest in African Americans (AAs; 78.9%), followed by
Hispanics (87%) and NHWs (88.6%), and are highest in
Asian Americans (91.4%) (6), although they vary among
Asian-American subgroups (7). Notably, the groups with
poorer survival also have a higher prevalence of general
(8, 9) and central (10) obesity (Figure 1), as discussed below
in more detail for each racial/ethnic group.

Current Evidence for Obesity and Breast Cancer
Risk

The evidence for the impact of obesity on breast cancer risk
comes largely from studies conducted in NHW women in
the United States and Europe. These studies have shown
that obesity and weight gain during adulthood are associ-
ated with increased postmenopausal breast cancer risk, par-
ticularly among women not using menopausal hormone
therapy (HT), whereas a higher BMI is associated with
reduced risk in premenopausal women (2). Obesity during
adolescence and early adulthood has been associated
with reduced risk of both pre- and postmenopausal breast
cancer (11, 12). Central obesity, in most studies defined as
a high waist-to-hip ratio (WHR), has been associated
with increased breast cancer risk in postmenopausal
women (2) but less consistently in premenopausal
women (13, 14). However, a meta-analysis showed that
the association with WHR became weaker and nonsignif-
icant among postmenopausal women after adjusting for
BMI, whereas the association persisted in premenopausal
women (15).

Current Evidence for Obesity and Breast Cancer
Survival

Few studies have evaluated the impact of obesity on breast
cancer prognosis in racial/ethnic minorities. In NHW
women, there is growing evidence that both pre- and
post-diagnostic obesity, as well as post-diagnostic weight
gain, are associated with higher breast cancer—specific and
overall mortality in both pre- and postmenopausal women
(3, 16-19). The role of central adiposity in survival after
breast cancer diagnosis has received little attention, but a re-
cent meta-analysis based on 4 studies found elevated all-
cause mortality for those with high WHR around the time
of diagnosis (3).

Breast Cancer Subtypes

Breast cancer is a heterogeneous disease with several major
subtypes defined by tumor hormone receptor (HR) status
or molecular intrinsic markers, with growing evidence of
different etiologic and prognostic profiles (20). Because

19 Abbreviations used: AA, African American; BCHDS, Breast Cancer Health Disparities Study;
CAMA, Cancer de Mama Study; ER, estrogen receptor; HC, hip circumference; HER2, human
epidermal growth factor receptor 2; HR, hormone receptor; HT, hormone therapy; IGF-I,
insulin-like growth factor I; NHW, non-Hispanic white; PR, progesterone receptor; WC, waist
circumference; WHR, waist-to-hip ratio; +, positive; —, negative.
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FIGURE 1 Age-adjusted prevalence of obesity by race/Hispanic
origin in women aged >20 y: United States, 2011-2012. NH, non-
Hispanic. Adapted from reference 9.

most studies are limited to clinical information from cancer
registries, which do not have information on molecular sub-
types, the classification of subtypes is commonly based on
HR status as defined by estrogen receptor (ER) and proges-
terone receptor (PR) status. Some studies also include hu-
man epidermal growth factor receptor 2 (HER2) status,
which has been a required data element in SEER (Surveil-
lance, Epidemiology, and End Results) cancer registries since
2010 (21), and allows to differentiate a subset of ER-negative
(ER—) tumors known as triple-negative breast cancer,
which are negative for ER, PR, and HER2 and are more
difficult to treat and have a worse prognosis (22, 23). The
distribution of subtypes varies widely across racial/ethnic
groups, with AAs and Hispanics being more likely to have
ER— and triple-negative breast cancer than NHW women
(24).

Given racial/ethnic differences in subtype distribution,
obesity prevalence, and risk factor profiles, it is important
to evaluate tumor subtypes to fully understand the impact
of obesity. Few studies, however, examined subtype-specific
associations by race/ethnicity, and most did not have suffi-
cient statistical power to do so. The overall evidence, based
primarily on NHW women, indicates that associations with
obesity are stronger (increasing risk for postmenopausal
women and decreasing risk for premenopausal women)
for risk of ER-positive (ER+)/PR+ than of ER—/PR— tu-
mors (25-27). Few studies have evaluated the association
of obesity with the risk of triple-negative breast cancer
(23), but a recent meta-analysis reported increased risk for
premenopausal women and inconsistent and mostly null as-
sociations for postmenopausal women (28).

Only a handful of studies, conducted primarily in NHW
women, have evaluated associations with breast cancer prog-
nosis by HR subtype and most had limited statistical power,
particularly for ER— tumors. For prediagnosis BMI, the in-
creased risk of all-cause mortality and breast cancer—specific
mortality appears to be limited to HR+ tumors (3). How-
ever, there is some evidence that BMI around the time of di-
agnosis increases breast cancer mortality for both HR+ and



HR— tumors (3, 17). A few studies evaluated the impact of
BMI at diagnosis on overall survival and disease-free sur-
vival among women with triple-negative breast cancer and
produced inconsistent results (29-34). In the California
Breast Cancer Survivorship Consortium, a higher WHR
was associated with increased breast cancer—specific mortal-
ity only for HR+ tumors (35).

Possible Biological Mechanisms

Obesity may be associated with breast cancer risk and pro-
gression through several overlapping pathways, including
increased aromatase-mediated estrogen production, high
circulating insulin/insulin-like growth factor I (IGF-I),
altered adipokine concentrations (high leptin and low adi-
ponectin), and chronic inflammation (18), resulting in sig-
nificant increases in local and circulating proinflammatory
cytokines, which, in turn, activates the innate and humoral
immune system (36, 37). Moreover, obesity may affect dis-
ease management by having an impact on treatment efficacy
and treatment decisions (e.g., lowering chemotherapy dos-
ing or affecting surgical outcomes) by increasing adverse
treatment effects and/or by affecting related comorbidities
(38) (Figure 2). Important differences in obesity biomarkers
(39), disease presentation (6), and management (38) across
racial/ethnic groups have been described.

Here we summarize the current evidence on the impact
of general and central obesity on breast cancer risk and sur-
vival in women of different racial/ethnic backgrounds. For
each racial/ethnic group, we included publications identified
through PubMed, meta-analyses, and review articles with-
out conducting a systematic search. The focus of our review
is on women of African, Hispanic, and Asian ancestry in the
United States and in their countries of origin. In addition,
we discuss possible racial/ethnic differences in underlying
biological mechanisms in these populations.

Increased

/ Body Fatness \

Adiposity-related host factors — -
« Adipokines: fleptin, | adiponectin Potential impact in
+ 1Biovailable sex steroids clinical management
« tBioactive IGF-I *Detection
+ tInsulin, insulin resistance »Chemotherapy dosing
» 1Chronic inflammation « Surgical management
» 1Oxidative stress «Comorbidities

+ |Immune function

» Toxicities

Direct potential effects on
progression

*More aggressive tumors

* 1 Tumor growth/metastases

* |Responsiveness to therapy

.

Breast cancer

FIGURE 2 Potential adverse effects of body fatness on breast
cancer risk and survival. IGF-I, insulin-like growth factor |.

Obesity and Breast Cancer in AA Women

AA women are diagnosed with breast cancer at an earlier age
and with more aggressive features, such as high-grade, ad-
vanced-stage, and ER— tumors, including triple-negative
breast cancer, than other racial/ethnic groups (22). AAs
also have a higher prevalence of overall and central obesity
[defined as a waist circumference (WC) =88 cm] than do
other racial/ethnic groups, with rates of 71% and 91%, re-
spectively, projected by 2020 (40).

Obesity and breast cancer risk

Studies reporting on the association of several anthropomet-
ric measures with breast cancer risk (41-54) are shown in
Table 1.

Young-adult BMI. As reported in NHW women, having a
high BMI as a young adult was associated with reduced risk
of pre- and postmenopausal breast cancer in the Black
Women’s Health Study (43). The Multiethnic Cohort evalu-
ated the association in postmenopausal women and sug-
gested an inverse association, but Cls included the null
value (47). Case-control data tend to suggest a reduced
risk for premenopausal women (41, 44, 45, 48), although in-
dividual results were significant in only one study (44). For
postmenopausal women, there was greater inconsistency in
the findings. Two studies reported nonsignificant elevated
risk estimates for pre- and postmenopausal women (42,
49). Few studies evaluated associations by menopausal status
and HR status and statistical power was limited. Inverse as-
sociations with young-adult BMI appear to be stronger for
ER+PR+ (44, 45) or ER+ (50) breast cancer in premeno-
pausal women but not in all studies (49). The AMBER Con-
sortium (50) pooled data from the Black Women’s Health
Study (43), the Multiethnic Cohort (47), the Carolina Breast
Cancer Study (49), and the Women’s Circle of Health Study
(48) and also found a borderline inverse association with ER
+ breast cancer in postmenopausal women (50).

Recent BMI. The few studies that evaluated the impact of
recent BMI on breast cancer risk in AA women have gener-
ated inconsistent results (41-47, 49-53), with most showing
nonsignificant or null results. For HR+ tumors, all but
1 (53) of the 5 studies that stratified by HR and menopausal
status (44-46, 49, 50, 53) suggested an inverse association
with BMI in premenopausal women and an elevated risk
among postmenopausal women, consistent with the evi-
dence for NHWs. Interestingly, the 4 studies reporting on
the association with BMI for HR— breast cancer suggested
an inverse association for postmenopausal women (44, 49,
50, 53). The association for triple-negative tumors was
only evaluated in the AMBER Consortium, which found
an inverse association for postmenopausal women (50). In
contrast to findings in NHWs, in the 3 studies that evaluated
effect modification by HT use, results remained essentially
the same after excluding HT users (47, 49, 53). Similar find-
ings were reported in the AMBER Consortium, which
included these 3 studies plus the Black Women’s Health
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Study (43), with additional recruitment since the individual
studies were published. The lower frequency of HT use
among AA women (47, 49, 55) and/or use of different for-
mulations by AAs compared with NHW women (47, 56)
may explain the lack of effect modification by HT in AA
women. Furthermore, AA women are more likely to have un-
dergone a hysterectomy and to receive estrogen-only HT,
which is not as strongly associated with breast cancer risk
as the combined regime of estrogen plus progesterone (56).

Weight gain. Only 2 cohort studies (43, 47) and 3 case-control
studies (45, 46, 48, 49) reported on the association of weight
gain with breast cancer, with inconsistent and mostly non-
significant results, with the exception of the Multiethnic
Cohort, which reported a strong positive association with
higher weight gain among postmenopausal women (47).
In the AMBER Consortium (50), the highest risk estimate
was observed for obese postmenopausal women with ER+
breast cancer who were lean as young adults (OR: 1.91;
95% CI: 1.32, 2.75).

Central obesity. Most studies reported an elevated breast
cancer risk of high WHR among premenopausal (49, 50,
53) and postmenopausal (46, 49, 50, 53) women. The few
studies that stratified by HR subtype tended to support ele-
vated risks of both HR+ and HR— tumors (49, 50, 53).

Obesity and breast cancer survival

AA women have the worst 5-y breast cancer survival rate of
all racial/ethnic groups (57). Reasons for this well-documented
disparity in mortality are likely to be multifactorial, including
possible differences in biological factors, health care access
and quality, cultural and behavioral factors, as well as socio-
economic status (38). Although socioeconomic status may
be an important determinant, it does not seem to fully explain
the increased breast cancer mortality in AA women (35, 58).
Furthermore, clinical trials have shown higher mortality rates
in AAs among patients with breast cancer receiving identical
treatment protocols, even after adjustment for prognostic
factors (59), which suggests that biological and behavioral
factors may play important roles.

To our knowledge, only 3 studies evaluated the association
of obesity with breast cancer survival in AA women and re-
ported no association between prediagnosis obesity and breast
cancer—specific mortality or all-cause mortality (35, 60, 61).
Only one of these studies (60) evaluated the impact by subtype
in AAwomen and found a suggestion of decreased breast can-
cer mortality for ER— tumors, although these analyses were
based on small numbers. In the California Breast Cancer Sur-
vivorship Consortium (35), although BMI was not associated
with breast cancer—specific or all-cause mortality in AA
women, those with higher WHR had worse overall survival.

Obesity and Breast Cancer in Non-US Black
Women

Although breast cancer incidence rates are lower in Africa
than in the rest of the world, mortality rates in some

808 Bandera et al.

countries (e.g., Nigeria and Ethiopia) are among the highest
worldwide (62). Cancer is a growing public health problem
in Africa due to aging, population growth, and the increas-
ing prevalence of risk factors such as obesity as a conse-
quence of the economic transition (63). The prevalence of
obesity has been increasing rapidly in some African coun-
tries, particularly in southern sub-Saharan Africa, where
the rates are highest (42%) among South African women
(64). Obesity prevalence is also very high in some areas of
the Caribbean, such as the Bahamas (48%) (64). Similar
to US women of African ancestry, breast cancer in African
women tends to be diagnosed at an earlier age and has
more aggressive features, including a higher proportion of
HR— tumors (63). Although there are methodologic chal-
lenges in determining the distribution of HR subtypes of
breast cancer in Africa, recent studies suggest that the pro-
portion of ER— tumors is similar to that reported in AA
women (63).

Obesity and breast cancer risk

Recent BMI. To our knowledge, only 2 studies in Africa (65,
66) and one in Barbados (67) evaluated the association of
BMI with premenopausal breast cancer and results were
comparable to those reported in AA women in the United
States and in NHWs (Table 2). Two earlier reports (68,
69) from one of the studies in Nigeria (66, 70) were not in-
cluded in the table. In contrast, for postmenopausal women,
the 3 studies suggested an inverse association, although none
of the risk estimates was significant and none of the studies
evaluated HR subtypes.

Central obesity. In premenopausal women, high WHR was
associated with increased risk in the 2 Nigerian studies (65,
70), but not in the small study from Barbados (67). For
postmenopausal women, the results were more consistent,
with 2-fold higher risks reported for Nigerian women (65,
70) and black women from Barbados (67) (Table 2).

Obesity and breast cancer survival
To our knowledge, no studies in African women have eval-
uated the impact of obesity on breast cancer survival.

Obesity and Breast Cancer in US Hispanic
Women

Although breast cancer incidence is lower in US Hispanics
than in NHW women, the risk is higher in US-born than
in foreign-born Hispanic women, with the risk increasing
over successive generations living in the United States
(71). The prevalence of overweight and general and central
obesity is high both in Hispanic female youth and adults
(8, 10), but mean BMI varies little by country of birth or
by acculturation in Hispanic women living in Northern Cal-
ifornia (71). Few studies have assessed the association be-
tween body size and breast cancer risk in US Hispanic
women (45-47, 72-77), and sample sizes were relatively
small, except for the Breast Cancer Health Disparities Study
(BCHDS) (76, 77), which harmonized and pooled data from



TABLE 2 Studies reporting on the association between anthropometric factors and breast cancer risk in women of African ancestry:

non-US studies’

Premenopausal Postmenopausal

First author, Study

Risk Risk

year (ref) Age, y design Country Contrast Cases/noncases, n estimate 95% Cl Cases/noncases, n estimate 95% Cl
Recent BMI
Okobia, Not specified HCC Nigeria  Above vs. 142/not specified 0.82 049, 1.36 108/NS 0.76 044,132
2006 (65) below median?
Nemesure, =21 PCC Barbados =30 vs. < 25 77/165° 044 0.19, 1.01 142/286* 0.70 0.38,1.28
2009 (67)
Ogundiran, =18 PCC Nigeria =28 vs. < 21 682/819 0.70 0.50, 0.98 505/278 0.76 048, 1.21
2010 (66)°
WHR
Okobia, Not specified HCC Nigeria  Above vs. below  142/not specified 256° 148,441 108/not specified 20° 1.10, 3.64
2006 (65) median?
Nemesure, =21 PCC Barbados =0.85 vs. < 0.80 76/165° 0.86 037,198 143/286" 217 1.02, 460
2009 (67)
Ogundiran, =18 PCC Nigeria =087 vs. < 0.77 702/819 2127 149, 2.99 518/278 226" 139,368
2012 (70)°

" HCC, hospital-based case-control study; PCC, population-based case-control study; ref, reference; WHR, waist-to-hip ratio.
2 Dichotomized variable based on means for controls: premenopausal women: BMI:24.83 kg/m?, WHR: 0.88; postmenopausal women: BMI: 25.03 kg/m?, WHR: 0.90.

3 Age < 50 y (unknown menopausal status).
4 Age =50y (unknown menopausal status).

> Adebamowo et al. (68, 69) were earlier reports for Ogundiran et al. (66, 70) and were therefore not included in the table because they correspond to the same study.

® Adjusted for age only.
7 Further adjusted for BMI.

2 case-control studies conducted in the Four Corners region
(Arizona, Colorado, New Mexico, Utah) (74) and the San
Francisco Bay Area (45, 46).

Obesity and breast cancer risk

Studies evaluating the relation of BMI, weight gain, and
measures of body fat distribution with breast cancer risk
are shown in Table 3.

Young-adult BMI. For premenopausal Hispanic women,
the BCHDS found strong inverse associations, both for ER
+PR+ and ER—PR— breast cancer (76), with risk reduc-
tions of 41% and 50% for high and low young-adult BMI
categories, respectively. The pooled analysis also found an
inverse association with ER+PR+ breast cancer among post-
menopausal women not using HT (77).

Recent BMI. In premenopausal Hispanic women, reports for
current obesity include nonsignificant positive (72, 73), signif-
icant inverse (45), and null (74) associations. In the BCHDS,
risk reductions associated with overweight and obesity were
limited to ER+PR+ tumors, but they were seen only in women
with high young-adult BMI (76). For postmenopausal women
not currently using HT, there was no evidence of a positive as-
sociation with obesity for breast cancer overall (46, 74, 77) or
for ER+PR+ tumors (46, 77). However, a 2-fold increased risk
of ER+PR+ breast cancer with obesity was found for His-
panics with low young-adult BMI (46). In the Multiethnic Co-
hort, a borderline positive association with BMI at baseline did
not remain after adjustment for weight gain (47).

Weight gain. For premenopausal breast cancer, findings for
the comparison of high with low or no weight gain include

nonsignificant positive associations for breast cancer overall
(73, 74, 76) and similarly strong inverse associations for
breast cancer overall and ER+PR+ tumors (45). The BCHDS
found no association with weight gain. Similarly, when con-
sidering young-adult and current BMI jointly as an indicator
of weight gain, current overweight or obesity was not asso-
ciated with ER+PR+ breast cancer risk among women with
low young-adult BMI (76). In postmenopausal women not
using HT, weight gain was associated with a suggestive in-
creased risk of ER+PR+ tumors only (46). The BCHDS pooled
analysis found a 75% increased risk of ER+PR+ disease as-
sociated with the highest (compared with lowest) quartile of
weight gain (77), but no association for ER—PR— breast
cancer. Furthermore, weight gain (per 5 kg) was associated
with a 42% increase in risk of ER+PR+ breast cancer only
among women with low young-adult BMI. This finding sug-
gests that among postmenopausal Hispanics with elevated
young-adult BMI, additional weight gain attenuates the pro-
tective effect associated with young-adult obesity.

Central obesity. Only 2 studies measured WC and hip cir-
cumference (HC) in US Hispanic women (45, 46, 74). Most
previous analyses in premenopausal women did not adjust
for current BMI and found no association between measures
of central obesity (WC, WHR, and waist-to-height ratio)
and risk of breast cancer (45, 74). In contrast, the BCHDS
detected borderline 2-fold higher risks associated with WC
and WHR after adjustment for current BMI and limiting
the analysis to women measured <12 mo after diagnosis
or selection into the study (76). In postmenopausal women,
only one study found positive associations with WC and
waist-to-height ratio after adjustment for current BMI
(46), whereas the larger BCHDS found no evidence for an

Obesity and breast cancer disparities 809
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association between central obesity and postmenopausal
breast cancer risk (77).

Obesity and breast cancer survival

The California Breast Cancer Survivorship Consortium is
the only study that reported on the association between obe-
sity and breast cancer survival in Hispanic women. Extreme
obesity (BMI =40) was the only measure associated with
survival, with 2-fold higher risks found for both breast can-
cer—specific and all-cause mortality (35).

Obesity and Breast Cancer in Latin America
Breast cancer is the most common cancer among women in
Latin American countries (78), with incidence rates (per
100,000 women) ranging from 15 (in Guatemala) to 90.7
(in Uruguay) (3). Changes in reproductive and lifestyle fac-
tors and the nutritional transition likely play an important
role in the sharp increase in breast cancer incidence rates.
Latin American women are more likely to develop breast
cancer at a younger age and be diagnosed at an advanced
stage, possibly due to limited access to health care (79).
Obesity has been increasing sharply in Latin America.
Currently, the prevalence in women is 20-30% in most
countries, with the highest prevalence in Mexico (64).
Among Mexican women of reproductive age, the prevalence
of obesity increased from 25% in 1980 to 35% in 2012 (80).

Obesity and breast cancer risk

Only 2 case-control studies conducted in Latin America
evaluated the association of obesity with breast cancer risk,
including the Céncer de Mama study (CAMA) from Mexico
(81) and a small hospital-based case-control study in post-
menopausal women from Uruguay (82) (Table 4).

Recent BMI. In the CAMA study, BMI was inversely associ-
ated with the risk of premenopausal breast cancer and was
not associated with the risk of postmenopausal breast cancer
(81). Similarly, in the Uruguayan study, obesity was not as-
sociated with postmenopausal breast cancer risk (82).

Central obesity. Measures of central obesity (WC, HC,
WHR) have been shown to be inversely associated with
breast cancer risk in premenopausal Mexican women (81).
In postmenopausal women, larger WC, HC, and WHR
were associated with reduced breast cancer risk, but after
stratification by time since menopause, risk reductions
were limited to women <10 y after menopause; no inverse
associations remained in women =10 y after menopause.

Change in body shape. In the CAMA study (81), body
shape at specific ages was not associated with breast cancer
risk; however, compared with women who remained slim
over the life span (from age 8 y to current age), an increase
in body size over the life span was associated with increased
risk, particularly among postmenopausal women. This
study emphasizes the importance of considering the evolu-
tion of body shape throughout life instead of examining

body shape at specific ages when studying the association
between obesity and breast cancer risk.

Obesity and breast cancer survival

To our knowledge, the only study evaluating the impact of
obesity on breast cancer outcomes in Latin America was a
retrospective study conducted at the National Institute of
Oncology of Mexico, which included 819 patients with
breast cancer (stages IIB-IIIB) treated with neoadjuvant
chemotherapy and followed for 28 mo (83). Obesity at diag-
nosis was related to poor survival (OR: 1.79; 95% CI: 1.09,
2.96).

Obesity and Breast Cancer in Women of Asian
Ancestry

Although breast cancer incidence remains lower in many
Asian countries compared with Western countries (62),
the incidence in Japanese Americans and other Asian-Amer-
ican groups is now similar to that in NHW women (84, 85).
Research among Japanese migrants has shown that breast
cancer incidence increased over several generations due to
changes in lifestyle factors and increases in body weight
(86). In comparison to other racial/ethnic groups, BMI con-
tinues to be lower in Asian-American women despite in-
creases in body weight over the past 30 y (87). In the
Multiethnic Cohort, only 7% of Japanese-American women
and men were obese at cohort entry, whereas the respective
proportions for NHW women and men were 20% and 15%
(88).

Obesity and breast cancer risk

Studies of anthropometric measures and breast cancer risk
in women of Asian ancestry (47, 89-107) are shown in
Table 5.

Recent BMI. For premenopausal women, only 2 studies re-
ported significant inverse associations with recent BMI (91,
101) and one showed a significantly elevated risk (102). A
systematic review reported a risk estimate of 1.05 (95%
CI: 1.01, 1.09) for Asians compared with 0.93 (95% CI: 0.91,
0.95) for NHWs (108). In the Multiethnic Cohort, postmeno-
pausal breast cancer risk associated with obesity (BMI =30
compared with <25) was higher for Japanese than for
NHWs with HRs of 1.59 (95% CI: 1.24, 2.05) and 1.38
(95% CI: 1.24, 1.53), respectively (47). The respective values
for overweight women were 1.23 (95% CI: 1.05, 1.45) and
1.34 (95% CI: 1.15, 1.56). These results largely agree with re-
ports for postmenopausal women from Japan (91, 93, 95, 96,
100, 104-106), China (94, 97-99, 103), South India (102),
and for Asian Americans in other US studies (90-101).
Whereas the risk of developing breast cancer was approxi-
mately twice as high in the highest than in the lowest BMI cat-
egory in investigations of women of Asian ancestry, a summary
risk estimate of 1.27 (95% CI: 1.03, 1.55) was reported for
mostly NHW Western populations when comparing the high-
est with the lowest BMI category (110). Moreover, a meta-anal-
ysis that separated studies by geographic area (110) found a

Obesity and breast cancer disparities 811
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Recent BMI

112

0.51,
048, 1.25

0.75
0.77

583/598
165/261

0.32,0.72

048

415/476

=30 vs. <25 kg/m?
Obese vs. nonobese

Mexico

PCC
HCC

35-69
23-69

Amadou, 2014 (81)

Uruguay

Ronco, 2012 (82)

WHR, WC

0.38,0.82
040, 0.95

0.562
062

583/598

049, 1.03

0712

WHR: =0.93 vs. <0.85 415/476

Mexico

PCC

35-69

Amadou 2014 (81)

0.27,0.74

WC: =103 vs. <93 cm

Change in body shape

583/598

415/476

Trajectory®

Mexico

PCC

35-69

Amadou, 2014 (81)

1.55
171

146
2.20

1.31
1.28
1.65
0.83

! Gr, group; HCC, hospital-based case-control study; PCC, population-based case-control study; ref, reference; WC, waist circumference; WHR, waist-to-hip ratio.

2 Further adjusted for recent BMI.

Gr2 vs. Grl

1.05, 2.20
1.10, 2.67

093, 2.29

0.83, 2.08
0.76, 2.14

Gr3 vs. Grl

Gr4 vs. Grl

0.98, 2.75

Gr5 vs. Grl

0.98, 494

0.30,2.28

3 Trajectory of body shape throughout life: Gr1, constantly low; Gr2, constantly midrange; Gr3, moderate increase; Gr4, sharp increase; Gr5, constantly high.

summary RR estimate of 1.31 (95% CI: 1.15, 1.48) for the Asia-
Pacific region, whereas the RRs for North America and Europe
were only 1.15 (95% CI: 1.05, 1.19) and 1.09 (95% CI: 1.04,
1.14), respectively. In analyses stratified by HR status, only
ER+/PR+ breast cancer appears to be associated with BMI in
postmenopausal Japanese women (25, 100, 107), in agreement
with findings for NHWs (27). In the Multiethnic Cohort, the
association with BMI among postmenopausal Japanese Amer-
icans was limited to HT nonusers (47), whereas in Asian Amer-
icans from California, the BMI association was not modified by
HT use (101).

Weight gain. In the Multiethnic Cohort, gaining >22.7 kg
since age 21 y was associated with a 2-fold higher risk
of breast cancer in postmenopausal Japanese-American
women compared with a 50% increased risk in NHW
women (47). Studies in Asian-American, Japanese, and Chi-
nese women with varying categories of weight gain found
significantly elevated risks between 1.16 and 2.70, although
some null findings were also reported (Table 5).

Central obesity. Higher WHR was associated with in-
creased breast cancer risk both in premenopausal (92, 94,
99, 103), and postmenopausal (92, 94, 99, 103) Chinese
women. A positive association was also reported for post-
menopausal Asian-American women from California
(101). In Indian postmenopausal women, WHR was associ-
ated with a significantly reduced risk (102).

Obesity and breast cancer survival

Although the evidence is limited, an increasing number of
studies indicate that survival in Asian patients with breast
cancer may be affected to a greater degree by excess adiposity
than in NHW women. A study from China reported a risk of
1.30 (95% CI: 1.00, 1.80) for overall mortality/recurrence
among women with a BMI >25.53 compared with <21.23
(111). In a Japanese study, breast cancer—specific mortality
was higher in women with a BMI of =25.8 than in women
with a BMI =21.2 to <23.3 (HR: 1.46; 95% CI: 0.81, 2.64)
(112). In a comparative study in US and Chinese women, a
>10% weight gain after breast cancer diagnosis did not affect
breast cancer—specific survival in NHW women (HR: 1.03;
95% CI: 0.84, 1.26) but did increase mortality among breast
cancer survivors in China (HR: 1.25; 95% CI: 0.88, 1.77)
(113). Furthermore, the California Breast Cancer Survivor-
ship Consortium showed a significant association of high
WHR with breast cancer—specific mortality in Asian Amer-
icans (HR: 2.21; 95% CI: 1.21, 4.03) but not in other racial/
ethnic groups (35). In contrast, the Multiethnic Cohort de-
tected no significant interaction of ethnicity with BMI status
related to survival (62).

Conclusions

The impact of BMI and central obesity on breast cancer risk
and survival in AA women is not well understood. The over-
all evidence suggests that in AAs central adiposity may have a
stronger impact than BMI. BMI may not be a good marker
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TABLE 5 (Continued)
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Postmenopausal

Premenopausal

Risk
estimate

Risk
estimate

Study

Age at
study entry, y

95% ClI
1.88, 7.05

1.02,2.15

Cases/noncases, n

95% ClI
0.81, 241

Cases/noncases, n

Contrast

>0.81 vs. <0381

Ethnicity

Chinese

design

First author, year (ref)

Tian, 2007 (99)
Wu, 2007 (101)

364

102/103
687/548
968/691

140
1.20

0.

140/141
564/606

PCC

22-87
25-74
NA
20-70

48

1.

082,177

>0.84 vs. =0.76

Asian-American

Indian

PCC
PCC

057,097
1.70, 2.80

0.74

92 0.74,1.13

30

898/1182
2080/1962

>0.85 vs. =0.85

Mathew, 2008 (102)

Shin, 2009 (103)
! cont, continuous; ER, estrogen receptor; NA, not available; PC, prospective cohort study; PCC, population-based case-control study; PR, progesterone receptor; ref, reference; WHR, waist-to-hip ratio; +, positive; —, negative.

2 Highest category for premenopausal women is smaller (27.5-29.9).

3 Pre- and postmenopausal women combined.

2.20

1.90, 2.80 1372/1512

2.

=084 vs. =0.76

Chinese

PCC

of adiposity in AA women. For a given BMI, they tend to
have more lean mass and lower fat mass than do NHW
women (114), and for a given amount of body fat AAs
have less visceral adipose tissue and more subcutaneous ad-
ipose tissue than do NHWs (115). Interestingly, despite
lower visceral tissue, AA women are more likely to be insulin
resistant than are NHW women at the same BMI category
(116). Furthermore, important differences in obesity-related
biomarkers have been reported for AA women compared
with NHW women, even after adjusting for BMI, including
higher leptin and lower adiponectin concentrations (39).
Because the proportion of ER— and triple-negative tumors
in AA women is highest among all racial/ethnic groups, eval-
uating associations by subtype is critical to understanding
the impact of general and central obesity in this population.

For Hispanic women, evidence suggests that associations
with body size are similar to those reported for NHWs. The
available data emphasize the importance of considering breast
cancer subtypes, as well as modifying factors such as meno-
pausal status and HT use. Weight gain appears to be a better
predictor of postmenopausal ER+PR+ breast cancer risk than
recent BMI but only among Hispanics with a low young-adult
BMI and those not using HT. Young-adult BMI has a major
impact on breast cancer risk, particularly in premenopausal
Hispanics, with inverse associations found for both ER+PR
+ and ER—PR— subtypes. Data on the role of central obesity
in Hispanics are sparse. Central obesity, adjusted for BMI, is a
strong risk factor for premenopausal breast cancer and possi-
bly for postmenopausal women.

Only a few studies have been conducted in women of Af-
rican ancestry and Latinas outside of the United States, and
they were small with no information on tumor subtypes. In-
terestingly, both in AA and Hispanic women 2 pooled anal-
yses (50, 77) reported that among postmenopausal women,
those who were lean as young adults and became obese later
in life had the highest risk of HR+ breast cancer. This finding
emphasizes the importance of maintaining a healthy weight
in these populations. A current initiative including 4 Latin
American countries (Chile, Colombia, Costa Rica, and Mex-
ico) is underway at the International Agency for Research on
Cancer to explore the association between obesity and breast
cancer phenotypes on the basis of immunohistochemistry
and tumor sequencing among premenopausal women.
Similarly, several population-based, case-control studies
are ongoing in African countries (e.g., South Africa and
Ghana) to better understand the role of obesity and lifestyle
factors in the etiology of breast cancer. Studies in countries
undergoing economic transition offer an important oppor-
tunity to evaluate the impact of obesity and possible biolog-
ical mechanisms.

Breast cancer risk and obesity rates have increased in
women of Asian ancestry, although to a greater degree
among migrants to the United States than among women
living in Asia. Most of the available data come from studies
in women of Japanese and Chinese ancestry, both living in
Japan or China and in the United States. The association
of BMI, weight gain, and WHR with breast cancer risk



appears to be stronger in postmenopausal Asian and Asian-
American women than in NHWs, suggesting that their risk
of developing breast cancer increases at relatively low BMIs.
Many of the risk estimates (Table 5) for the highest com-
pared with the lowest BMI categories are increased by ~2-
fold (93, 94, 99, 104, 106), whereas meta-analyses in
NHW women reported 10-13% higher obesity-associated
risks (25, 109, 110). The evidence for premenopausal
women is inconsistent; only a few reports in Asian women
(91, 98) showed an inverse association with obesity that is
well established for NHW premenopausal women (108).

The stronger adverse effects of obesity on breast cancer risk
and mortality in women of Asian ancestry (14) may be the re-
sult of a higher proportion of visceral than subcutaneous ad-
ipose tissue among Asians compared with NHWs (117). This
hypothesis is supported by the finding that WHR as a marker
for central obesity is a stronger predictor of risk and survival in
Asians than in other racial/ethnic groups. Visceral adipose tis-
sue plays an important role in lipid and glucose metabolism
due to the production of various hormones and cytokines
(118) and is more strongly associated with an adverse meta-
bolic risk profile than subcutaneous fat, even after controlling
for standard anthropometric indexes (119). A comparative
investigation reported a higher trunk-to-periphery fat
ratio (1.41 compared with 1.11; P = 0.0002) and twice the
prevalence of fatty liver (51% compared with 24%; P =
0.05) for Japanese Americans than for NHWs (117). A
greater amount of visceral fat has also been reported for Fil-
ipina (120) and Chinese (121) women than for NHWs. The
higher proportion of visceral fat in Asians may lead to a dif-
ferent pattern of secreted adipokines and inflammatory
markers, which may mediate diverse adverse health effects.
In Hawaii, Japanese-American women had significantly
lower serum concentrations of leptin, adiponectin, and
C-reactive protein than did NHWs after adjustment for BMI
(39, 122). Also, in the Study of Women’s Health across the
Nation, Chinese and Japanese Americans had lower adipo-
nectin concentrations than did NHW women (123).

Data on the impact of obesity on mortality in racial/ethnic
minority populations are very limited. In AA women, cen-
tral obesity seems to have a greater impact on breast cancer
prognosis than does BMI. However, the impact of obesity
by subtype has not yet been adequately evaluated. In His-
panics, morbid obesity, but not lower obesity levels, has
been shown to double all-cause mortality. The small
body of literature on breast cancer survival in women of
Asian ancestry indicates that the prognosis may also be
worse than in NHWs of similar BMI. Clearly, this is an im-
portant area that requires further research in order to under-
stand the impact of obesity on breast cancer survival across
racial/ethnic groups and to tailor efforts aimed at reducing
breast cancer mortality disparities.

Overall, the evaluation of body size associations with
breast cancer risk across racial/ethnic groups is limited by
several factors: the data are sparse for AA and Hispanic
women and individual studies tended to have small sample
sizes. Furthermore, few studies included 2 racial/ethnic

groups for direct comparisons of associations (44—48), in-
cluded multiple measures of both overall and central adipos-
ity, assessed associations with breast cancer subtypes defined
by HR status, or considered HT use in postmenopausal
women. The impact of genetic ancestry in AA and Hispanic
women has not been examined.

The association of obesity with breast cancer risk and
prognosis is complex, with opposing effects depending on
time windows of obesity and tumor subtypes. Large data
sets are needed to thoroughly evaluate the complex relation
between excess body fat and breast cancer in combination
with modifying factors. Ideally, comparisons of associations
with body size measures across racial/ethnic groups should
be obtained from the same study that used a single method
to assess body size or used standardized methods across
populations. Current evidence, albeit limited, suggests that
the impact of adiposity may vary by race/ethnicity. Obe-
sity-related biomarkers are starting to provide insight into
biological mechanisms. Given the limitation of BMI as a
measure of adiposity, additional anthropometric measures,
in particular from imaging, are needed to understand the re-
lation of race/ethnicity and adiposity with circulating obe-
sity-related biomarkers and their association with breast
cancer risk and survival. Improving availability and stan-
dardizing subtype information are critical for future studies,
which is particularly problematic in studies conducted in
developing countries. International studies in economically
developing countries offer unique opportunities to evaluate
the impact of rapid weight gain on breast cancer risk and
survival. Such studies should also take into account genetic
ancestry, which may help elucidate differences in associa-
tions among ethnically admixed populations.

Given the increasing prevalence of obesity, which dispro-
portionately affects US racial/ethnic minorities and develop-
ing countries, understanding its impact on breast cancer
throughout a woman’s life course is crucial in tailoring pre-
ventive efforts to reduce disparities in breast cancer develop-
ment and survival.
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