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Abstract

Purpose—Adiposity has been linked with increased breast cancer risk and mortality. It is
established that etiologic associations for adiposity vary by tumor subtype, but the influence of
adiposity on subtype-specific survival is unknown.

Methods—Study participants were 1,109 invasive breast cancer participants in the population-
based Carolina Breast Cancer Study, diagnosed between 1993 and 2001, and with tissue blocks
available for immunohistochemical subtyping. General and central adiposities were assessed by
body mass index (BMI) and waist-to-hip ratio (WHR), respectively, based on in-person
measurements after diagnosis. Vital status as of 2011 was determined using the National Death
Index (median follow-up = 13.5 years). Cox proportional hazards models were used to calculate
hazard ratios (HRs) and 95 % confidence intervals (ClIs) for breast cancer (BC)-specific and all-
cause mortalities.

Results—Among all patients, high WHR (=0.84), but not BMI, was associated with all-cause
mortality (adjusted HR 1.50, 95 % CI 1.11-2.05, <0.77 as reference). No significant association
between adiposity and BC-specific mortality was detected, although there was a suggestion of
increased mortality risk among high-BMI (=30 kg/m?) patients with basal-like tumors (adjusted
HR 2.44, 95 % CI 0.97-6.12, <25 kg/m? as reference). Quantitative differences in all-cause
mortality were observed by subtype, with BMI associated with basal-like mortality and WHR
associated with luminal mortality. The associations were attenuated by tumor characteristics.
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Conclusions—Our study confirms the association of adiposity and unfavorable overall survival
in breast cancer patients and suggests that this association may vary by intrinsic subtype and
adiposity measure.

Obesity; Adiposity; Body mass index; Waist hip ratio; Breast cancer subtype; Mortality; Survival

Background

The association between adiposity and breast cancer survival has been well studied. The
most recently published meta-analysis shows that in comparison with lean patients, obese
patients had 41 and 35 % higher risk of all-cause deaths and breast cancer (BC)-specific
deaths, respectively [1]. Many mechanisms have been proposed, such as adverse disease
features, deleterious hormonal and metabolic influences, chronic inflammation,
undertreatment with chemotherapy, and comorbidities [2-4]. Considering the obesity
epidemic in the USA [5, 6], obesity may become a critical facet of cancer management, and
thus it is important to understand how obesity affects survival following breast cancer
diagnosis.

Despite wide acceptance of an association between adiposity and breast cancer prognosis,
inconsistent results have been observed across epidemiologic studies and population
subgroups [1]. For example, in a study of 4,538 breast cancer patients aged 35-64 years,
obesity (BMI = 30 kg/m?) was associated with both breast cancer-specific mortality and all-
cause mortality among White women, but not African-American women [7]. Another study
among premenopausal women observed a negative association between obesity and breast
cancer-specific mortality [8]. Given that adiposity, race, and age seem to be more strongly
associated with etiology of some subtypes, such as basal-like [9-12], we hypothesized that
the prognostic association of adiposity may also vary by breast cancer subtype. Thus,
subtype heterogeneity, if unaccounted for, could lead to inconsistency across studies.

In recent years, it has been observed that receptor-defined subtypes are heterogeneous [13,
14]. While ER-positive tumors are predominantly of luminal subtype, strata defined by ER-
negative status include a mix of tumors including HER2-positive, basal-like, and triple-
negative tumors that are unclassifiable [14, 15]. Few studies have examined adiposity-
associated survival after stratifying on intrinsic subtype. Among studies that have evaluated
adiposity and survival by subtype, most have used only BMI to quantify obesity. Data on
central adiposity (such as WHR) are less commonly available [16]. Studies conflict on
whether BMI or WHR may be more strongly linked with breast cancer subtypes [17, 18].

Using data from the Carolina Breast Cancer Study (CBCS), a large population-based case—
control study, we assessed the impact of BMI and WHR on all-cause and BC-specific
mortality. These associations were evaluated among breast cancers as a whole and in strata
defined by specific breast cancer subtypes (basal-like and luminal).

Cancer Causes Control. Author manuscript; available in PMC 2016 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sunetal. Page 3

Methods
Study population

The CBCS is a population-based case—control study, the details of which have been
described previously [17, 19]. Briefly, a total of 1,808 patients aged 20-74 years diagnosed
with primary invasive breast cancer during 1993-1996 (Phase 1) and 1996-2001 (Phase I1)
were identified using rapid case ascertainment from NC Central Cancer Registry, with
African-American and young cases (aged 20—49 years) oversampled using randomized
recruitment [19, 20]. Participants were interviewed in person within 1 year of diagnosis by
trained nurses who collected anthropometric measurements and questionnaire responses.
Clinicopathological data, including ER, PR, and HER2 status, were abstracted from clinical
records and pathological reports. The study procedures for recruitment and enrollment into
the CBCS were approved by the Institutional Review Board of the University of North
Carolina. All study participants gave written informed consent.

Breast cancer subtype classification

The details of breast cancer subtyping have been published previously [15, 17]. Briefly,
clinical records were abstracted for ER, PR, and HER2 status, and when unavailable, whole,
formalin-fixed paraffin-embedded tumor tissues were sectioned and stained for a panel of
immunohistochemical (IHC) markers in the IHC Core Laboratory at University of North
Carolina. All tumors were stained for HER1 and CK 5/6+ at UNC. The following markers
were used to determine breast cancer intrinsic subtypes: luminal A (ER+ and/or PR+, HER
=), luminal B (ER+ and/or PR+, HER 2+), basal-like (ER-, PR-, HER2-, HER1+and/or CK
5/6+), HER2-enriched (ER-, PR—, HER2+), and unclassified (negative for all five markers).
We combined luminal A and luminal B as luminal tumors due to the small number of
luminal B tumors (n7=111), and more importantly, recent revisions to the IHC definition of
luminal B [21, 22]. Luminal A and B tumors cannot be reliably distinguished without
additional markers (such as Ki-67) or RNA expression data [23]. In the CBCS, the
demographic and tumor characteristics in patients with luminal A and luminal B tumors
were comparable except luminal B tumors more likely to be lymph node positive (p=0.01).
Furthermore, recent findings based on surveillance epidemiology and end result data suggest
that segregating luminal A and B cancers may not be informative, specifically because two
etiologic subtypes are most consistent with current national incidence and mortality patterns
[24].

Exposure and outcome assessment

Waist circumference, hip circumference, height, and body weight were measured by trained
nurses at the time of interview. The average time between interview and diagnosis was 145
days, without significant difference by adiposity levels (BMI, p=0.72; WHR, p= 0.95).
Tertiles of the WHR distribution in CBCS controls (with cutoff points of 0.77 and 0.83)
were used in WHR categorization [17]. BMI was computed by dividing the weight in
kilograms by the square of the height in meters. The World Health Organization (WHOQ)
definition was used to classify patients as underweight (BMI < 18.5 kg/m?2), normal (BMI
18.5-24.9 kg/m?), overweight (BMI 25-29.9 kg/m?), and obese (BMI = 30 kg/m?). To
explore the potentially heterogeneous influence of extreme adiposity status suggested by
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previous studies [25], we performed two sensitivity analyses: (1) excluding underweight
patients (1= 23, 2 %) from the analysis and (2) further categorizing obesity into obesity |
(BMI 30-34.9 kg/m?) and obesity 11 (BMI = 35 kg/m?).

Linkage with the National Death Index provided vital status, dates of deaths, and cause of
death on the CBCS cases through 31 December 2011. International Classification of
Diseases (ICD) breast cancer codes 174.9 (ICD-9) or C50.9 (ICD-10) were used to identify
deaths due to breast cancer on the death certificate. Besides BC-specific mortality, all-cause
mortality was assessed to facilitate cross-study comparisons and to support indirect
inference regarding the effect on non-cancer deaths.

Statistical analysis

Our analysis included 1,109 patients, after excluding nine cases with race other than White
or African-American, 659 cases without subtype information, and 31 cases with missing
data on anthropometric measures. Demographic, tumor characteristics, and survival of the
excluded cases were compared with those of the included cases; no significant differences
were detected, except that the excluded cases were more likely to have negative lymph node
status, tumor size <2 cm, and stage |. The demographic, lifestyle, clinical, and other
characteristics of the study population were evaluated by BMI and WHR using Chi-square
test or Student’s ftest (Supplementary Table 1, 2). The assessment and definition of these
variables have been described previously [17]. Patients living as of 31 December 2011 were
censored, and those who died of causes other than breast cancer were censored for breast
cancer-specific analysis. Kaplan—Meier survival curves and log-rank tests were used to
compare overall and breast cancer-specific survival by BMI and WHR.

Cox regression analysis was used to estimate the hazard ratio (HR) and 95 % confidence
interval (ClI) for overall death and BC-specific death, with lowest adiposity as the reference
category. In multivariable analyses, three models were assessed: model 1 adjusted for study
design factors (age, race, and study phase), selected socioeconomic factors (education and
income), and lifestyle factors (smoking, alcohol intake, physical activity, and parity); model
2 additionally adjusted for WHR (in model of BMI) or BMI (in model of WHR); model 3
adjusted for tumor stage, tumor size, lymph node status, histological type, and the variables
in model 1. Model 1 was considered as the primary model, with the potential confounders
selected based on prior knowledge and DAGs. Neither tumor characteristics nor BMI/WHR
was considered as confounders in the adiposity-prognosis association, because they are not
risk factors for adiposity and consequently do not meet the definition of confounders. The
objective of model 2 and 3 is to understand the dependence of general and central adiposity
and to explore the additional prognostic value of adiposity, respectively. Treatment data were
not collected in Phases | and Il of the CBCS and therefore not included in the models.

Stratified analyses were performed to evaluate effect modification by intrinsic subtype. Only
basal-like and luminal strata are presented because unclassified tumors are of biologically
uncertain subtype and because too few patients (77 = 73) were HER2-enriched for stable
estimation. The difference in HRs by race and menopausal status within luminal and basal-
like tumors was also assessed in sensitivity analyses. In the analysis by menopausal status,
perimenopausal women (defined as women aged 41-53 years with hormone replacement
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therapy, or unilateral oophorectomy, or hysterectomy) were excluded to avoid
misclassification (n = 95). In addition, because studies have suggested that factors predicting
survival in early years after diagnosis may differ from those in later years (e.g., with tumor
biological and pathologic characteristics dominant in early years and lifestyle dominant in
later years [26]), analyses were conducted conditioned on follow-up length: data were
truncated at 5 years to evaluate 5-year mortality, and then survival was assessed conditional
upon surviving the first 5 years.

The proportional hazards assumption in each Cox model was assessed using log—log plots of
survival and time-dependent cross-product terms of the survival time (years) and the
variables of interest, and showed no violation of the assumptions. All statistical tests were
two-sided with a = 0.05, all analyses were performed using SAS version 9.2 (SAS Institute),
and all figures were generated using R 3.0.0.

Patient and tumor characteristics

Among 1,086 breast cancer patients in this study, the average age at diagnosis was 51 years
(SD 12 years, range 2374 years). Approximately, half of patients were African-American
(45 %) and premenopausal (42 %). The mean BMI for the entire study population was 28.5
kg/m?2 (SD 6.9 kg/m?, range 14.3-57.9 kg/m?2), with 37 % (17 = 410) considered obese. The
mean WHR was 0.82 (SD 0.08, range 0.60-1.34), with 40 % (= 445) having WHR =0.84.
Consistent with previous reports [27], BMI and WHR showed relatively low correlation
(Pearson’s r=0.40, p< 0.01) and low agreement for adiposity classification (kappa
coefficient = 0.32, p < 0.01). Fifteen percentage of patient with BMI <25 kg/m? had WHR
>0.84; conversely, 12 % of patient with WHR <0.77 had BMI =30 kg/mZ. Patients with
higher BMI or WHR tended to be older, African-American, alcohol abstainers, lower
socioeconomic status (SES) (measured by education and family income), OC users, and
have more births. In addition, the high-WHR group (=0.84) had a higher proportion of
current smokers (Supplementary Table 1, 2).

Luminal tumors comprised the majority of breast cancers (7= 714, 64 %), followed in
prevalence by basal-like tumors (n= 197, 18 %), unclassified (7= 126, 11 %), and HER2-
enriched tumors (7= 72, 6 %). Consistent with the previous CBCS data [17], women with
higher adiposity level (both BMI and WHR) were more likely to have basal-like tumors, but
less likely to have luminal tumors. Compared with BMI, WHR was more strongly related to
tumor characteristics, with high-WHR group (=0.84) having higher prevalence of large (>5
cm, p<0.01) and high-stage (stage 11l and IV, p=0.01) tumors (Supplementary Table 1, 2).

Associations between adiposity and mortality

The median follow-up time was 13.5 years, ranging from 0.2 to 18.7 years. By the end of
follow-up, there were 435 deaths, and 62 % of deaths were due to breast cancer (7= 268).
Among breast cancer deaths, 155 (58 %) occurred within 5 years of diagnosis, and 76

(28 %) occurred between 5 and 10 years. Kaplan—Meier analysis indicated that patients with
higher BMI or WHR had poorer overall survival (p value for log-rank test < 0.01, Fig. 1).
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The survival difference by BMI group became insignificant and smaller after adjusting for
age, race, study phase, SES factors, and lifestyle factors (BMI = 30 kg/m? vs. <25 kg/mZ,
adjusted HR 1.19, 95 % CI 0.91-1.55, Table 1). Compared with BMI, WHR showed a
stronger association with all-cause mortality, which was independent of potential
confounders (WHR =0.84 vs. <0.77, adjusted HR 1.50, 95 % CI 1.11-2.05). To evaluate the
effect dependency of general and central adiposities, WHR and BMI were mutually
adjusted. Only minor reductions in HRs were observed (Table 1). The prognostic association
of both general and central adiposity was attenuated after further adjustment for tumor
characteristics (BMI: adjusted HR 1.11, 95 % CI 0.84-1.45; WHR: adjusted HR 1.25, 95 %
Cl1 0.91-1.72). Associations of obesity with BC-specific mortality were weak and
insignificant in multivariate analyses (Table 2). In sensitivity analysis, the main results did
not change significantly when excluding underweight patients; however, patients with
extreme obesity (BMI = 35 kg/m?) had the worst survival. The adjusted HRs were 1.14

(95 % CI 0.88-1.48, adjusted for age, race, study phase, SES factors, and lifestyle factors)
for overweight, 1.04 (95 % CI 0.78-1.39) for obesity | (BMI 30-34.9 kg/m?), and 1.30

(95 % CI1 0.95-1.79) for obesity 11 (BMI = 35 kg/m?) (Fig. 2).

In subtype-stratified analyses, BMI and WHR demonstrated different prognostic association
by subtype (p value of the interaction term in model 1 for all-cause mortality was 0.24 and
0.04 for BMI and WHR, respectively). As shown in Fig. 1 and Table 1, among patients with
basal-like tumors, there was a significant difference in overall survival by BMI. This
difference remained after further adjustment for WHR (Table 1, BMI = 30 kg/m? vs. <25
kg/m2, adjusted HR 2.73, 95 % CI 1.28-5.80) or tumor characteristics (adjusted HR 2.04,
95 % CI 1.01-4.13). In contrast, WHR had a stronger influence on all-cause mortality in
patients with luminal tumors (WHR = 0.84 vs. < 0.77, adjusted HR 1.75, 95 % CI 1.20—
2.56). Although this association cannot be explained by BMI (adjusted HR 1.79, 95 % ClI
1.20-2.68), it was not independent of tumor characteristics (adjusted HR 1.33, 95 % ClI
0.89-1.97). For breast cancer-specific mortality, a strong but insignificant association with
BMI was observed among patients with basal-like tumors (Table 2, BMI = 30 kg/m? vs. <25
kg/m2, adjusted HR 2.21, 95 % CI 0.94-5.21), which was partially explained by tumor
characteristics (adjusted HR 1.67, 95 % CI 0.69-4.05). The analysis of obesity | and obesity
Il by subtype did not generate reliable estimates due to small sample size.

We further evaluated subtype-specific HRs according to follow-up period, menopausal
status, and race. The influence of obesity on all-cause mortality appeared slightly stronger
among patients who survived at least 5 years after diagnosis, particularly among 5-year
survivors with basal-like tumors (<5 years: HR 1.44, 95 % CI1 0.72-2.87; >5 years: HR 3.15,
95 % CI 1.13-8.79; BMI = 30 kg/m? vs. BMI < 25 kg/m?, adjusted for age, race, and study
phase). No differences in these associations by follow-up length were observed in BC-
specific mortality. The association estimates by menopausal status or race were imprecise
due to small sample size, but no substantial or significant effect modification was suggested.

Discussion

Our study was in agreement with previous reports of an association between BMI or WHR
and all-cause mortality among breast cancer cases overall [1, 28, 29]. The association with
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all-cause deaths was independent of age, race, lifestyle, and SES factors, and was attenuated,
but not fully explained by tumor characteristics. The influence on all-cause mortality was
suggested to vary by intrinsic subtype and adiposity measure. While BMI predicted
mortality in patients with basal-like tumors, WHR predicted mortality in patients with
luminal tumors.

A few previous studies have assessed the relationship between adiposity and breast cancer
mortality by intrinsic or molecular subtype [30-36], and these have suggested a
heterogeneous effect of obesity. Five studies examined BMI in triple-negative breast cancer
(TNBC) [31-35]. One of these studies, among premenopausal women, reported increased
breast cancer-specific mortality associated with BMI (obese vs. normal BMI: HR 1.4, 95 %
Cl 1.0-2.1) among TNBC, but not among luminal tumors [32]. In another study among
predominantly African-American TNBC cases (/7= 183), and including both pre- and
postmenopausal women, BMI was suggested to be associated overall survival (HR 1.36,

95 % CI 0.77-2.42), but not relapse-free survival (HR 1.01, 95 % CI 0.67-1.52) [31]. The
other three studies, with a majority of White women (both pre- and postmenopausal), did not
detect any association between BMI and breast cancer prognosis among TNBC [34, 35, 37].
Although the sparse data and differences in population characteristics and covariates limit
direct comparison across these studies, our results seem consistent with the findings of
previous studies with high proportions of young or African-American patients.

In our study and in previous literature, the effect of BMI on breast cancer-specific mortality
has often been weaker than that for all-cause mortality [1], with several null findings [35, 38,
39]. These results indicate that non-cancer causes of death contribute to the less favorable
outcomes noted for obese patients. Adiposity is a compound exposure [40], and likely the
obesity-associated factors may both increase risk of specific subtypes and affect long-term
survival. When we stratified by intrinsic subtype, an influence of BMI on breast cancer-
specific mortality among patients with basal-like tumors was suggested, but was not
statistically significant. Another study among premenopausal breast cancer patients also
reported higher breast cancer-specific mortality among obese triple-negative patients [32].
These data highlight the important role of adiposity in the disease history of basal-like
tumors, indicating that the tumor-promoting effect of adiposity may extend from etiology
through the clinical expression period, ultimately affecting disease prognosis. This
hypothesis is supported by a recent study where breast tumors of extremely obese (BMI = 35
kg/m2) women demonstrated a similar gene expression pattern of basal-like tumors (high
expression of proliferation genes, but low expression of ESR1) [41]. This work provides
novel insights into molecular pathways by which obesity affects prognosis, while more
studies are needed to elucidate the subtype-specific mechanisms.

BMI and WHR are the most commonly used anthropometric measures of general obesity
and central obesity, respectively. There is an increasing body of evidence that different
adipose tissue depots (e.g., visceral and subcutaneous adipose tissues) differ in both cellular
composition and physiology, resulting in distinct roles in disease development and
progression [42, 43]. Generally, visceral/abdominal adipose is considered more
metabolically active and plays more important roles in pathological processes [42, 44-46].
In the CBCS population, patients with basal-like tumors had higher WHR than patients with
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luminal tumors [17, 47], but it was BMI that predicted all-cause mortality. Both BMI and
WHR are indirect measures of obesity. WHR is determined by both visceral and
subcutaneous adiposities; therefore, its effect is actually a mixed effect of the two types of
adiposity. To better disentangle the different effect of adiposity types on mortality, future
studies with finer measures describing adipose distribution or body shape are needed.

Our study should be interpreted in light of some limitations. First, despite the fact that the
CBCS oversampled young and African-American patients and therefore had larger
proportions of basal-like tumors, stratified analyses by subtype suffered from small sample
size and imprecise estimates. Moreover, the curvilinear association between BMI and all-
cause mortality has been well recognized and debated intensively [25, 48]. Our analysis
suggested a nonlinear relation, with the worst survival observed in extremely obese women,
but our sample size was insufficient to fully explore this association or differences by
intrinsic subtype. Second, obesity status in our study was assessed shortly after diagnosis
(<1 year). Anthropometry is likely to change following diagnosis and treatment and may
vary by subtype. However, based on an analysis of 12,915 breast cancer patients from four
prospective cohorts, the mean weight change was 1.6 kg during a follow-up averaging 8.1
years [49]. Thus, weight change may not cause considerable misclassification of categorical
adiposity status. Third, treatment data were not collected in Phases | and Il of the CBCS,
preventing evaluation of the effect of treatment—obesity interactions. Finally, although
distinct biological features and prognosis by subtype have been established in gene
expression studies, classification of luminal A and B in epidemiologic studies remains
problematic. Recent data show that definition of luminal A versus B using HER? status (as
has been done previously in the CBCS study) results in misclassification of both tumor types
[32]. To avoid misclassification, we combined luminal A and B in this analysis. However, if
there are only two distinct epidemiologic subtypes of breast cancer as recent work suggests
[24], then combining luminal A, B, and even ER-, HER2+ tumors may be justified.

In conclusion, we found a negative association between adiposity and overall survival in all
and by subtypes, while some effect on breast cancer-specific survival among patients with
basal-like tumors were suggested. Basal-like and luminal breast cancer patients, particularly
those that have longer-term survival, may have greater risk of mortality due to comorbidities.
Future research should seek to validate the prognostic differences by subtype and adiposity
measures and should evaluate underlying mechanisms of adiposity-prognosis association.
Better understanding of mechanisms could help determine whether weight loss after breast
cancer diagnosis can improve breast cancer prognosis.

Supplementary Material
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Table 1

HRs for overall mortality associated with BMI and WHR, in the CBCS Phases | and 1l

Variable

DeathgN Model 1

HR (95 % CI)

Model 2
HR (95 % ClI)

Model 3
HR (95 % ClI)

BMI
All BC patients

<25 kg/m? 129/395 1 1 1

25t0<30kg/m? 125/308  1.28(0.98,168) 1.17(0.89,155) 1.14(0.86, 1.50)

>30 kg/m? 184/411 1.19(0.91,1.55) 1.07(0.81,1.41) 1.11(0.84,1.45)
Basal-like

<25 kg/m? 16/53 1 1 1

25 to <30 kg/m2  27/62 1.90 (0.93,3.85) 2.04(0.95,4.37) 1.65(0.79, 3.45)

230 kg/m? 41/83 2.25(1.14,4.46) 2.73(1.28,5.80) 2.04(1.01,4.13)
Luminal

<25 kg/m2 84/268 1 1 1

25 to <30 kg/m?  80/198 1.33(0.95,1.85) 1.14(0.80,1.62) 1.24(0.88,1.74)

230 kg/m? 111/251  1.12(0.80,1.57) 0.91(0.63,1.31) 1.01(0.71, 1.44)
WHR
All BC patients

<0.77 79/284 1 1 1

0.77 t0 <0.84 142/389 1.25(0.92,1.68) 1.24(0.91,1.68) 1.08(0.79, 1.47)

>0.84 221/451 150 (1.11,2.05) 1.44(1.04,1.99) 1.25(0.91,1.72)
Basal-like

<0.77 13/36 1 1 1

0.77 to <0.84 37/81 1.43(0.69,2.93) 0.95 (0.44,2.05) 1.26 (0.61, 2.62)

>0.84 34/83 0.88(0.40,1.95) 0.52(0.22,1.23)  0.87 (0.39, 1.93)
Luminal

<0.77 53/201 1 1 1

0.77 t0 <0.84 771240 1.09 (0.74,1.60) 1.10(0.75,1.63) 0.89 (0.60, 1.33)

20.84 148/282  1.75(1,20,2.56) 1.79 (1.20,2.68) 1.33(0.89, 1.97)

Page 14

Model 1 was adjusted for age, race, study phase, income, education, physical activity, alcohol intake, smoking, and parity; model 2 was additionally
adjusted for WHR (in model of BMI) or BMI (in model of WHR); model 3 was adjusted for tumor stage, tumor size, lymph node status,
histological-type, and variables in model 1
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Table 2

HRs for BC-specific mortality associated with BMI and WHR, in the CBCS Phases | and Il

Variable

DeathgN Model 1

HR (95 % CI)

Model 2
HR (95 % ClI)

Model 3
HR (95 % ClI)

BMI
All BC patients

<25 kg/m? 84/395 1 1 1

251t0 <30 kg/m?  79/308 1.27(0.91,1.78) 1.21(0.86,1.71)  1.07 (0.76, 1.52)

>30 kg/m? 106/411 1.06 (0.75,1.48) 1.01(0.71,1.44) 0.97(0.68, 1.37)
Basal-like

<25 kg/m? 10/53 1 1 1

25 to <30 kg/m2  20/62 2.03(0.85,4.84) 2.18(0.85,5.54) 1.40(0.56, 3.48)

230 kg/m? 30/83 2.21(0.94,5.21) 2.44(0.97,6.12) 1.67(0.69, 4.05)
Luminal

<25 kg/m2 53/268 1 1 1

25 to <30 kg/m?  42/198 1.16 (0.74,1.81) 1.07(0.68,1.70) 1.04 (0.66, 1.64)

230 kg/m? 55/251 0.95 (0.60, 1.49)  0.86 (0.53,1.39)  0.84 (0.52, 1.36)
WHR
All BC patients

<0.77 61/284 1 1 1

0.77t0<0.84 94/389 1.09 (0.77,1.54) 1.08 (0.76, 1.55)  0.95 (0.66, 1.36)

>0.84 118/451  1.14(0.79,1.65) 1.12(0.76,1.64) 0.91 (0.62, 1.34)
Basal-like

<0.77 8/36 1 1 1

0.77 to <0.84 29/81 1.49 (0.64, 3.46)  1.05 (0.43,2.56) 1.35 (0.58, 3.15)

>0.84 24/83 0.98(0.38,2.49) 0.64 (0.24,1.74)  0.94 (0.37, 2.41)
Luminal

<0.77 41/201 1 1 1

0.77 t0 <0.84 44/240 0.92 (0.57,1.47) 0.94 (0.58,1.53) 0.75(0.46, 1.22)

20.84 67/282 1.15(0.71,1.85) 1.21(0.73,2.08) 0.82 (0.50, 1.36)

Page 15

Model 1 was adjusted for age, race, study phase, income, education, physical activity, alcohol intake, smoking, and parity; model 2 was additionally
adjusted for WHR (in model of BMI) or BMI (in model of WHR); model 3 was additionally adjusted for tumor stage, tumor size, lymph node
status, histological-type, and variables in model 1
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