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Abstract

Background It is believed that greater adiposity is asso-

ciated with reduced risk of breast cancer in premenopausal

but increased risk in postmenopausal women. However,

few studies have evaluated these relationships among

Black women or examined anthropometric measures other

than near-diagnosis body mass index (BMI).

Purpose This study investigated associations between

measures of body size across the life course and breast

cancer risk among Black and White women living in the

US South.

Methods We used data from the Carolina Breast Cancer

Study, a population-based case–control study of invasive

breast cancer in North Carolina women aged 20–74 years.

We assessed nine body size variables, including age 10 rel-

ative weight; age 18 BMI; adult weight gain; ‘‘reference’’

BMI 1 year before interview; and post-diagnosis measured

BMI and abdominal obesity measures.

Results Among premenopausal Whites, heavier child-

hood relative weight was associated with decreased cancer

risk [odds ratio (OR) 0.48 95 % confidence interval

0.33–0.70]. Among premenopausal Blacks, greater adult

waist circumference and waist-to-hip ratio (WHR) were

associated with increased risk [waist OR 1.40 (1.00–1.97)

and high tertile WHR OR 2.03 (1.29–3.19)], with associ-

ations for WHR in a similar direction in Whites. Among

postmenopausal women, recalled body size was not asso-

ciated with risk, except for increased risk associated with

adult weight gain among White non-hormone therapy

users. ER/PR status and hormone therapy use also modified

other associations.

Discussion In this population, greater adult BMI was not

associated with increased breast cancer risk, but some

measures of early-life body size and abdominal obesity

were associated with risk.

Keywords Breast cancer � Life course � BMI � Obesity �
Anthropometry � African Americans

Introduction

Black women have higher breast cancer mortality than the

rest of the population [1]. The mortality disparity could be

partially attributable to Black women’s higher rates of

cancer incidence before menopause [2, 3]. One factor that

is thought to influence risk of breast cancer differentially in

premenopausal and postmenopausal women is adult body

mass index (BMI) and adiposity. This factor may be

especially salient in understanding patterns of breast cancer

incidence among Black women because, in the USA, Black
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women have higher obesity prevalence than the rest of the

population [4].

It is widely accepted that higher adult BMI and greater

adiposity are associated with reduced risk of breast cancer

in premenopausal women and increased risk in postmen-

opausal women [5]. However, the evidence for these

relationships is ambiguous. A recent meta-analysis con-

cluded that BMI around the time of diagnosis was not

significantly associated with incidence of premenopausal

breast cancer and only minimally associated with incidence

of postmenopausal breast cancer [6]. Further, many of the

studies on this topic were conducted in White populations.

The few population-based studies among Black women

have produced inconclusive results (reviewed in [7]). Many

studies of premenopausal cancer in African American

women find no association with obesity status near the time

of diagnosis [7]. Among postmenopausal Black women,

results have been mixed [7]: Some studies found decreased

risk [8, 9], others increased risk [10, 11], and others found

suggestive or null relationships [12, 13].

A major challenge in understanding the relationship

between body size and breast cancer risk among African

Americans is that there are few population-based studies

with enough Black women to examine the relationship

between body size and cancer, stratified by important

modifiers, such as menopausal status, estrogen- and

progesterone-receptor status, and use of hormone therapy

(HT). Additionally, many studies of body size in Black

women have assessed body size shortly before or after

diagnosis rather than at specific ages or developmental

periods in the life course. Previous studies suggest that

early-life body size may be a more important predictor of

risk than body size shortly before diagnosis [13–15]. For

instance, the Black Women’s Health Study (BWHS), a

prospective cohort study, reported that BMI shortly

before diagnosis was not associated with breast cancer

risk in premenopausal or postmenopausal women [13].

However, high BMI at age 18 was associated with

reduced risk of premenopausal and postmenopausal can-

cers. Likewise, in the Nurses’ Health Study, body size in

childhood and adolescence was more strongly associated

with cancer risk than other measures, independent of

adult BMI [14, 15].

The aim of this study was to investigate the association

between diverse measures of body size across the life

course with risk of premenopausal and postmenopausal

breast cancer in the Carolina Breast Cancer Study

(CBCS), one of the largest case–control breast cancer

studies of US Black women. This analysis extends pre-

vious work from the CBCS’s Phase 1 [8], with life course

measures and an additional 5 years of data. White women

from the same population are studied for context and

comparison.

Methods

Study population

The CBCS is a population-based, case–control study of

breast cancer [16]. Women were eligible to be cases if they

were identified through the North Carolina Cancer Registry

as diagnosed with a first primary breast cancer 1993 and

2000, aged between 20 and 74 years, and living in a

24-county area of central and eastern North Carolina.

Using randomized recruitment, Black cases and young

cases (aged 20–49 years) were oversampled [17].

The CBCS was conducted in two phases (1993–1996;

1996–2001). Study procedures were similar in the phases,

but phase 2 included cases of in situ cancer in addition to

invasive cancer. The present analysis was restricted to

invasive cancer. Of the 2,501 eligible cases of invasive

breast cancer in Black and White women, physicians

refused contact for 172 cases (6.9 %), 63 (2.5 %) could not

be located, 447 (17.9 %) refused to participate, and 36

(1.4 %) died before being interviewed. Thus, 788 Black

cases and 995 White cases were included in the present

analysis. The overall response rate among eligible, living,

and locatable cases was 70.9 % percent for Blacks and

77.1 % for Whites.

Controls were selected between 1993 and 2001 from the

same geographic area as cases, using records from the

North Carolina Division of Motor Vehicles to identify

controls for cases aged\65 years and from the US Health

Care Financing Administration, which oversees Medicare,

to identify control women aged 65–74 years. Controls were

frequency-matched to cases by race and 5-year age group

[17, 18]. Of the 3,198 eligible controls who were contacted,

675 (21.1 %) could not be located, 908 (28.4 %) refused to

participate, and 79 (2.5 %) had died before being inter-

viewed. Thus, 718 Black controls and 818 White controls

were included in the present analysis. The response rate for

eligible, living, and locatable controls was 59.8 % for

Blacks and 65.8 % for Whites.

Data collection

Participants were interviewed in person by trained nurses

using a pretested, standardized questionnaire. For 94.9 %

of cases (94.5 % Black, 95.2 % White), interview occurred

within 1 year of the diagnosis date. The interview collected

self-reported body size, race, family history of cancer,

reproductive and menstrual history, hormone use, alcohol

consumption, occupational exposures, and socio-demo-

graphic characteristics, among a number of other possible

risk factors for breast cancer.

Measurements of height, weight, and waist and hip

circumferences were taken at the time of interview using
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standardized scales and tape measures. Height and weight

were measured twice to the nearest 0.5 cm and 0.5 kg,

respectively, and the two measurements were averaged.

The waist circumference measurement was taken at the

natural indentation of the waist, and the hip circumference

was taken at the greatest protrusion of the buttocks. Both

circumferences were measured two times and averaged. A

third measurement was taken if the first two differed by

more than 1.0 cm, in which case the two closest values

were averaged. All study participants provided written

informed consent. The study was approved by the institu-

tional review board of the University of North Carolina at

Chapel Hill.

Exposure variables

This analysis examined nine variables reflecting different

anthropometric characteristics between age 10 and the

interview date. Six measures of recalled body size were

assessed via questionnaire. Preadolescent body size was

based on an interview question about weight relative to

other girls of the same age and height when the respondent

was in fifth grade, or about 10 years old. ‘‘About the same’’

weight was chosen as a referent because it reflects partic-

ipants’ perceptions of a typical or normative childhood

body size in their childhood communities. Next, young

adult body size was assessed by BMI (kg/m2) at age

18 years, based on conversion from recalled weight (lb) at

age 18 and recalled usual adult height (feet; inches). Mid-

adulthood body size was assessed by BMI at age 35 years,

based on recalled weight at age 35 and usual adult height.

Change in BMI between ages 18 and 35 years was grouped

into tertiles based on the distribution of this variable in the

control population of Blacks and Whites combined, to

create a common categorization scheme for race-stratified

analyses. Missingness is greater for the variables BMI at

age 35, and BMI change between ages 18 and 35 years

than for other variables because women who were younger

than 35 years when they were diagnosed or selected into

the study were not eligible to answer this question. Pre-

diagnosis, or the ‘‘reference,’’ BMI was calculated using

usual adult height and recalled weight 1 year before the

interview or, if the subject was pregnant a year before the

interview, before that pregnancy. Weight change between

ages 18, and the reference date was the difference between

reference weight and weight at age 18 years and was

measured in kg/m2.

Additional body size variables were measured by trained

nurses at a post-diagnosis interview (for cases) or after

selection (for controls). Measured BMI at interview was

calculated from measured weight (kg) divided by measured

height squared (m2). BMI was classified into 4 categories:

underweight to normal weight: \25.0; overweight:

25.0–29.9; class 1 obesity: 30.0–34.9; class 2 obesity and

above: C35 [19]. Measured waist circumference was used

to identify abdominal obesity ([88 cm) [20]. Waist-to-hip

ratio (WHR), calculated as measured waist circumference

divided by hip circumference, was categorized into tertiles

based on the distribution of waist circumference in the

control population of Blacks and Whites combined.

Statistical analysis and covariates

Unconditional logistic regression was used to calculate

odds ratios and 95 % confidence intervals comparing cases

to controls. Sampling weights (accounting for the over-

sampling of Black and young cases) and an offset term

were incorporated into each model to account for the

study’s sampling approach [17]. Positive or inverse linear

trends were assessed based on [1] ordinal coding of cate-

gorical variables and [2] medians of categorical variables.

Except for age 10 relative weight, whose trend was only

assessed across ordinal values of the variable, in-text ref-

erences to p-for-trend tests refer to two-sided p values

(a = 0.05) based on category medians.

All models were stratified by race and menopausal status

at the time of diagnosis (for cases) or selection into the

study (for controls). Cases and controls were classified as

postmenopausal if, at diagnosis or selection, respectively,

[1] they were under age 50 and had undergone natural

menopause (ceased menstruating in the absence of hys-

terectomy), bilateral oophorectomy, or irradiation to the

ovaries or [2] they were aged 50 or older and had ceased

menstruating [16, 21]. If women were still menstruating

when diagnosed with cancer or selected for the study, they

were classified as premenopausal [16]. A Nurses’ Health

Study validation of two methods of classifying menopausal

status, one method less precise than ours (assigning age at

hysterectomy as menopausal age) and a more precise

imputation method, found both methods produced similarly

accurate associations between breast cancer incidence and

a range of risk factors, including BMI (see Table 4 in [22]).

All models were adjusted for the age (in years) at which

women were selected into the study, modeled by a con-

tinuous variable and a squared term, which was statistically

significant (p B 0.05) in some preliminary analyses.

Additionally, multivariable-adjusted models included the

following variables, identified as potential confounders,

known breast cancer risk factors that may also affect body

size, through analysis of a directed acyclic graph (DAG):

education level (some high school or less, high school

graduate, college graduate), first-degree family history of

breast cancer (yes/no), smoking history (current, former,

never) alcohol use of at least 12 drinks in one’s lifetime

(yes/no), age at menarche (B11, 12–13, or [13 years),

lactation history (had breastfed, never breastfed), and a

Cancer Causes Control (2014) 25:1101–1117 1103

123



composite of parity and age at first full-term pregnancy

(FFTP) (nulliparous, 1 child and FFTP age B25 years, 1

child and FFTP age[25 years, C2 children and FFTP age

B25 years, C2 children and FFTP age[25 years). Because

some potential confounders, education, parity, age at first

full-term birth, and lactation history, may be intermediates

on the pathway between childhood and young adult body

size and incident cancer [23], we ran models with and

without these variables. Results were similar. Therefore,

we only present results for the age-adjusted and fully

adjusted models.

Our main analyses did not mutually adjust for body size

at other ages because body size measures are highly cor-

related, violating assumptions of statistical independence.

Additionally, later measures of body size may be colliders

on the causal pathway between earlier body size and cancer

Table 1 Characteristics of

body size measures of Black

and White cases and controls in

the Carolina Breast Cancer

Study, phases 1 and 2,

1993–2001

Distributions are not weighted

for the sampling design
a Missing values among Black

cases and controls: age 10

weight n = 4, age 18 BMI

n = 51, BMI change ages

18–35 n = 159, age 35 BMI

n = 142, adult weight gain

n = 40, BMI before interview

n = 32, measured BMI n = 50,

waist circumference n = 26,

waist-to-hip ratio n = 26
b Missing values among White

cases and controls: age 10

weight n = 2, Age 18 BMI

n = 22, BMI change ages

18–35 n = 199, age 35 BMI

n = 108, adult weight gain

n = 29, BMI before interview

n = 15, measured BMI n = 25,

waist circumference n = 20,

waist-to-hip ratio n = 21

Blacksa Whitesb

Cases Controls Cases Controls

No (%) No (%) No (%) No (%)

Weight versus others at age 10

Thinner 373 (47.4) 317 (44.3) 390 (39.3) 280 (34.2)

About the same 282 (35.8) 270 (37.8) 466 (46.9) 380 (46.5)

Heavier 132 (16.8) 128 (17.9) 137 (13.8) 158 (19.3)

BMI at age 18 (kg/m2)

\22 475 (62.4) 447 (64.4) 808 (82.0) 655 (81.3)

22 to \25 139 (18.3) 132 (19.0) 129 (13.1) 107 (13.3)

25? 147 (19.3) 115 (16.6) 48 (4.9) 44 (5.5)

BMI change ages 18–35 (kg/m2)

\1.77 157 (22.4) 151 (23.4) 375 (40.7) 316 (40.9)

1.77 to \4.44 232 (33.1) 199 (30.9) 319 (34.6) 274 (35.5)

C4.44 313 (44.6) 295 (45.7) 227 (24.7) 183 (23.7)

BMI at age 35

\25 335 (47.1) 340 (52.1) 728 (78.7) 619 (79.4)

25 to \30 210 (29.5) 172 (26.3) 143 (15.5) 109 (14)

30? 166 (23.4) 141 (21.6) 54 (5.8) 52 (6.7)

Adult weight gain (lb)

B25 181 (23.7) 143 (20.4) 438 (44.6) 363 (45.3)

26–54 236 (30.9) 234 (33.4) 342 (34.8) 258 (32.2)

C55 348 (45.5) 324 (46.2) 202 (20.6) 181 (22.6)

BMI 1 year before interview (kg/m2)

\25 144 (18.7) 146 (20.8) 540 (54.7) 420 (51.9)

25 to \30 229 (29.7) 214 (30.5) 262 (26.5) 226 (27.9)

30 to \35 210 (27.2) 159 (22.7) 126 (12.8) 101 (12.5)

35? 189 (24.5) 183 (26.1) 60 (6.1) 63 (7.8)

Measured BMI (kg/m2)

\25 132 (17.4) 98 (14.1) 482 (49) 356 (44.2)

25 to \30 213 (28) 216 (31.1) 295 (30) 249 (30.9)

30 to \35 202 (26.5) 177 (25.5) 126 (12.8) 120 (14.9)

35? 214 (28.1) 204 (29.4) 80 (8.1) 80 (9.9)

Measured waist (cm)

B88 230 (29.7) 244 (34.6) 683 (69.5) 546 (67.4)

[88 545 (70.3) 461 (65.4) 300 (30.5) 264 (32.6)

Measured waist-to-hip ratio (cm)

\0.77 102 (13.2) 127 (18.0) 359 (36.6) 347 (42.8)

0.77 to \0.84 230 (29.7) 222 (31.5) 356 (36.3) 251 (31.0)

0.84? 443 (57.2) 356 (50.5) 267 (27.2) 212 (26.2)
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incidence; therefore, adjusting for older body size could

induce bias [24]. We did, however, run supplemental

analyses adjusting early body size for continuous reference

BMI and adjusting measures of central adiposity at inter-

view for continuous BMI measured at interview.

Results

Descriptive characteristics

Characteristics of this population have been previously

reported [25] (see Supplemental Table 1). Table 1 shows

the unweighted distributions of body size across the life

course among Black and White cases and controls (Anal-

yses accounting for the oversampling of Black and young

cases produced similar results.). For the subjective mea-

sure of age 10 weight, Black women were more likely than

White women to report being ‘‘thinner’’ than peers, while

White women were relatively more likely to report being

‘‘about the same.’’ For all adult measures, body size tended

to be greater in Black versus White women and to increase

with age. For instance, about 20 % of control Black

women reported being overweight (BMI C 25.0 kg/m2) at

age 18, but, by age 35, nearly half were overweight.

Among White women, only 5 % reported being over-

weight at age 18, and about 20 % reported being over-

weight at age 35. At the interview, the majority of Black

control women were obese, as indicated by measured BMI

or waist circumference. About a quarter of White women

were obese.

Premenopausal breast cancer

Among premenopausal Black and White women, most

measures of body size were not associated with breast

cancer risk (see Table 2). However, several measures

showed associations or suggestive trends in one or both

race groups: age 10 relative weight, body size at age 35,

and measures of abdominal obesity near diagnosis.

Among premenopausal Black women, being thinner

than peers at age 10 was associated with greater risk of

cancer [OR 1.44 (1.00, 2.07)] compared to those who

reported being ‘‘about the same’’ weight as peers. There

was not evidence of a linear trend (p = 0.29). Additionally,

greater BMI at age 35 showed a positive trend with

increased cancer risk among premenopausal Black women

(p = 0.01). Later in life, neither reference BMI nor BMI

measured at interview were associated with cancer risk

among Black premenopausal women. In contrast, waist

circumference and WHR measured near the diagnosis were

positively associated with cancer risk (respectively, p-for-

trend = 0.05 and 0.02).

Among premenopausal White women, reporting heavier

weight at age 10 was strongly associated with decreased

cancer risk compared to those who reported ‘‘about the

same’’ age 10 weight (OR 0.48 [0.33, 0.70]). There was

evidence of an inverse linear relationship between greater

age 10 weight and cancer risk. In contrast to Black women,

among White premenopausal women, greater BMI at age

35 showed a suggestive association with decreased cancer

risk (p = 0.09) as did the highest tertile of BMI change

between ages 18 and 35 compared to the lowest tertile (OR

0.70 [0.49, 1.02]). Later in life, greater reference BMI was

not linearly associated with cancer risk. However, greater

BMI measured at interview showed a suggestive trend with

decreased risk (p = 0.10), e.g., OR for BMI C35 = 0.67

(0.41, 1.08). Finally, measured waist circumference was

not associated with cancer risk, but WHR showed a sug-

gestive trend (p = 0.07), with increased odds ratios for the

second and third tertiles versus the first tertile [OR 1.41

(1.02, 1.95) and OR 1.33 (0.91, 1.96), respectively].

Adjusting measures of early-life body size for reference

BMI did not materially change results among Black and

White premenopausal women (see Table 2). Among

Whites, high WHR’s linear trend with increased risk

became more pronounced (p \ 0.01), and the estimate for

high waist circumference increased from 0.87 (0.63, 1.18)

to 1.43 (0.88, 2.32).

Postmenopausal breast cancer

In general, among postmenopausal Black and White

women, recalled measures of body size in childhood and

adulthood were not associated with breast cancer risk (see

Table 3). However, body size measured shortly after

diagnosis, specifically BMI and WHR measured at the

study interview, showed suggestive associations among

Black women and stronger associations in the same

directions among White women. However, the BMI and

WHR associations observed were in different directions:

greater measured BMI appeared to be associated with

decreased risk, while greater WHR was associated with

increased risk.

Among postmenopausal Black women, BMI measured

at interview was not linearly associated with cancer risk (p-

for-trend = 0.69), but those in the overweight (25 B

BMI \ 30 kg/m2), class I obese (30 B BMI \ 35 kg/m2),

and class II obese (BMI C 35 kg/m2) categories appeared

to have lower risk than those in the normal-weight cate-

gory: OR 0.61 (0.38, 0.98), OR 0.77 (0.47, 1.28), and OR

0.58 (0.35, 0.94), respectively. Additionally, greater WHR

had a suggestive association with increased cancer risk (p-

for-trend = 0.08). Among postmenopausal White women,

greater measured BMI at interview was associated with

decreased cancer risk, but WHRs in the middle and highest

Cancer Causes Control (2014) 25:1101–1117 1105
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tertiles were associated with increased risk versus than the

lowest tertile, respectively, OR 1.53 (1.09, 2.14) and OR

1.53 (1.08, 2.18).

Adjusting recalled measures of early-life body size for

reference BMI did not change results (Table 3). However,

adjusting waist circumference and WHR for measured

BMI did appear to increase the magnitude of their positive

associations with cancer risk. For instance, among post-

menopausal Black women, the OR for high waist cir-

cumference increased from 1.08 (0.77, 1.52) to 1.39 (0.92,

2.10) (p-for-trend = 0.28).

Restricting to non-users of hormone therapy

We performed additional analyses examining relation-

ships among women who had never used HT. As

expected, use of HT was uncommon in premenopausal

Black or White women (\11 % of cases or controls),

more common among postmenopausal Black women

(30 % of cases, 38 % of controls), and most common

among postmenopausal White women (58 % of cases,

61 % of controls). Among premenopausal women and

postmenopausal Blacks, results were not appreciably

different after excluding HT users. However, among

postmenopausal Whites, excluding HT users resulted in

increased point estimates for adult weight gain, mea-

sured BMI, waist circumference, and WHR. Estimates

for the middle and highest tertiles of adult weight gain

increased from 0.98 and 0.96 to 1.87 (1.10, 3.17) and

1.62 (0.89, 2.96), respectively. Additionally, among

White premenopausal non-HT users, the association

between greater measured BMI and decreased cancer

risk was no longer evident. Finally, the OR for high

waist circumference increased from 0.97 to 1.36 (0.86,

2.13) (p-for-trend = 0.05); for WHR, the OR for the

middle tertile of WHR increased from 1.53 to 1.92

(1.04, 3.57), for the highest tertile, the OR increased

from 1.53 to 2.34 (1.29, 4.24) (p-for-trend = 0.01).

Adjusting adult weight gain for reference BMI and

abdominal obesity measures for measured BMI did not

change results substantially but tended to result in

modest increases in the magnitudes of point estimates

(results not shown).

Stratifying by estrogen- and progesterone-receptor

status

We also estimated associations between body size and case

status stratifying by estrogen- and progesterone-receptor

status. Table 4 presents associations stratified by ER and

PR status only among non-HT users, because HT use

showed evidence of modifying associations in analyses

described above.T
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Among Black premenopausal non-HT users, none of the

results differed appreciably for cancers that were ER? or

PR? compared to cancers that were ER- and PR-

(Table 4). Among premenopausal White non-HT users,

two variables that were associated with decreased cancer

risk in unstratified analysis [age 10 relative weight and

BMI measured at interview (see Table 2)] tended to be

more strongly associated with decreased risk for ER? or

PR? cancers than for ER- and PR- cancers. Addition-

ally, the middle and highest tertiles of WHR tended to

show associations with greater risk of ER- and PR-

cancer [OR 1.89 (1.16, 3.09) and OR 1.74 (0.95, 3.18),

respectively] but not ER? or PR? cancers. For premeno-

pausal women, results were similar when HT users were

included.

Among postmenopausal Black women, before excluding

HT users, there were few associations between body size

and ER? or PR? cancers or ER- and PR- cancers,

except for suggestive relationships with reference and

measured BMI (results not shown). After excluding HT

users (Table 4), a suggestive trend between greater mea-

sured BMI and decreased risk of ER- and PR- cancers

remained (p = 0.07), e.g., OR for BMI C35 = 0.26 (0.11,

0.61). Greater reference BMI and adult weight gain also

showed some indications of decreased risk of ER- and

PR- cancers. Among postmenopausal White women,

before excluding HT users, there were not strong differ-

ences in the associations between recalled body size and

ER? or PR? cancers or ER- and PR- cancers (results not

shown). Restriction to non-HT users resulted in especially

imprecise estimates among postmenopausal White women,

because HT use was common in this group (Table 4).

However, there were indications that a positive association

between cancer risk and adult weight gain was present for

ER? or PR? cancers (p = 0.04) but not ER- and PR-

cancers (p = 0.64). Further, an association observed

between measured BMI and decreased risk of cancer

before excluding HT users was attenuated for ER? or PR?

cancers after HT users were excluded. Great WHR

appeared associated with increased risk for ER? or PR?

cancer and showed an increase, though statistically non-

significant ORs for ER- and PR- cancer.

Discussion

Our analyses produced two consistent findings for pre-

menopausal breast cancer in Black and White women.

First, as discussed in more detail below, larger prepubertal

body size showed indications of inverse associations with

breast cancer risk in premenopausal Black and White

women. These associations were particularly evident for

hormone-receptor positive cancers. Second, adult

abdominal obesity was positively associated with pre-

menopausal cancer. Premenopausal Black women with

higher waist circumference and WHRs showed consistently

higher odds ratios. Among premenopausal Whites, the

higher tertiles of WHR were associated with increased

cancer risk after controlling for BMI measured at

interview.

Among postmenopausal Black and White women, there

not were strong associations between recalled body size

across the life course and breast cancer risk, except for

associations between adult weight gain and risk among

White non-HT users. BMI measured at interview was

associated with reduced cancer risk, but the associations

varied by ER/PR status as well as HT-user status.

The majority of studies of childhood body size and

breast cancer risk were conducted in White populations and

found that that being thinner in childhood was associated

with greater risk of premenopausal breast cancer [14, 15,

26, 27]. Two studies also found similar associations with

risk of postmenopausal cancer [15, 28]. The current study

indicates that thin body size at age 10 is associated with

increased risk of premenopausal breast cancer after taking

into account racial differences in reporting peer compari-

sons. Specifically, Black premenopausal women who

reported being ‘‘about the same’’ weight as peers (referent)

at age 10 years were at decreased risk of breast cancer

diagnosis than those who reported ‘‘thinner’’ weight, while

Whites who reported being ‘‘heavier’’ were at decreased

risk relative to those who reported ‘‘about the same’’

weight as peers. The term, ‘‘about the same,’’ when used by

Black women likely corresponded to similar BMI as the

category ‘‘heavier,’’ used by premenopausal White women.

As evidence, 56 % of Black cases who reported being

‘‘heavier’’ at age 10 also reported an overweight BMI

(BM C 25 kg/m2) at age 18, whereas only 22 % of ‘‘hea-

vier’’ White cases reported an overweight BMI at age 18.

Therefore, the relevant contrast for classifying ‘‘thin’’ body

size likely differs by race. The contrast of ‘‘heavier’’ versus

‘‘thinner’’/‘‘similar’’ among Whites is likely objectively

closest to the contrast of ‘‘similar’’/‘‘heavier’’ versus

‘‘thinner’’ among Blacks. Results were robust to adjust-

ment for later reference BMI. We did not observe an

association between childhood weight and postmenopausal

cancer, which has been less studied.

Leaner prepubescent body size may be associated with

greater risk of breast cancer through its association with

more rapid trajectories of adolescent growth, particularly

greater height velocity [14, 29]. More rapid adolescent

growth could increase levels of growth hormones and

epithelial proliferation in the breast or decrease time for

repair of DNA damage, thereby increasing risk of breast

cancer [30, 31]. In the most comprehensive prospective

study of childhood body size and breast cancer risk, a

1114 Cancer Causes Control (2014) 25:1101–1117
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cohort of 2,547 British girls followed from birth to their

early 50 s (1946–1999), fast height gains between ages 4

and 7 and between 11 and 15 years were the strongest

childhood predictors of breast cancer risk [29]. The rela-

tionships among childhood BMI, height velocity, and

breast cancer demonstrate the complex interplays in life

course research on breast cancer. Although larger child-

hood body size is a risk factor for early puberty (which is a

risk factor for breast cancer), greater childhood BMI is also

independently associated with lower risk of breast cancer,

particularly at premenopausal ages [29, 32]. Other theories

about the association between leaner childhood body size

and breast cancer risk have also been posited, including

later differentiation of mammary gland cells for leaner girls

[14] and greater frequency of anovulatory cycles. This

second theory has not been supported by research that took

into account ovulatory problems [13, 33].

Unlike other studies, we did not observe an association

between greater BMI at age 18 and decreased risk of breast

cancer. Cohort studies have observed strong inverse rela-

tionships between age 18 BMI and reduced risk of both

premenopausal and postmenopausal breast cancer in both

Black and White US women and Japanese women [13, 15,

34]. A case–control study of postmenopausal women in

Sweden similarly found a suggestive protective association

of high age 18 BMI but concluded it was entirely attrib-

utable to adult weight gain: women who reported being

thinner at 18 age gained more weight in adulthood [28]. If,

in our population, women who were thinner at age 18 tend

to gain the same amount of weight or less weight in

adulthood than their heavier peers, results in CBCS may

differ from other populations.

Results for adult weight gain among postmenopausal

White women are consistent with a recent meta-analysis

that concluded that greater adult weight gain is associated

with risk of postmenopausal cancer, most strongly for ER?

or PR? cancers [35]. In CBCS, among postmenopausal

White women who had never used HT, greater adult weight

gain between age 18 and the reference date appeared

associated with increased risk of hormone-receptor positive

cancers. The associations with adult weight gain were not

evident among postmenopausal Black women.

Recalled ‘‘reference’’ BMI was not strongly associated

with cancer risk among premenopausal or postmenopausal

women in our study. In contrast, BMI measured after

diagnosis showed inverse associations with cancer risk that

were modified by HT use. Results for recalled ‘‘reference’’

BMI may differ from results for measured post-diagnosis

BMI for several reasons. Associations with measured BMI

may be biased downward because of disease-related weight

loss (cachexia) [36]. Alternatively, results for self-reported

‘‘reference’’ BMI may be subject to measurement bias.

Consistent with previous research showing that US women

systematically underreport their weight [37], control

women tended to misreport their heights and weights in

ways that led to underestimates of their self-reported ref-

erence BMI. For instance, among Blacks controls, 21 %

reported reference date BMI \25 but only 14 % had BMI

\25 when measured at the interview, when we would

expect controls’ reference weights a year before interview

to be similar to weights measured at the interview. The

same pattern was evident among Whites: 52 % reported

reference BMI \25 but only 44 % were measured at

interview as under 25.

Greater WHR was associated with increased cancer risk

in several subgroup analyses, with no evidence of modifi-

cation by ER/PR status. Stronger relationships with

increased cancer risk for measures of abdominal obesity

versus BMI have been documented in other studies [13, 38,

39]. For example, in the BWHS, while higher BMI tended

to be associated with decreased risk of premenopausal

cancer, greater abdominal adiposity tended to be associated

with increased risk [13]. Some studies of Black women,

however, find that waist circumference is more predictive

of increased risk than WHR [38, 40]. While waist cir-

cumference and WHR are both indicators of abdominal

obesity [41, 42], WHR may be more strongly correlated

with subcutaneous abdominal fat while waist circumfer-

ence may be more strongly correlated with visceral adipose

tissue [43–45]. Because the deep visceral fat is more spe-

cifically correlated with metabolic abnormalities, such as

insulin resistance, it is possible that waist circumference

and WHR may reflect distinct risk pathways associated

with cancer etiology.

Several of the limitations of this work should be noted.

Many of the body size measures were assessed retrospec-

tively and are subject to recall bias. In particular, the

measure of childhood body size was subjective and

dependent on the normative body size norm of a woman’s

family and peer group. Further, as with all case–control

studies, disease- or treatment-related weight change could

cause bias for measures assessed after diagnosis. Addi-

tionally, some selected controls could not be located or

refused participation in the study. However, in phase 1 of

CBCS, mean BMI did not differ between women who

participated in the study and those agreeing only to a brief

telephone survey [46]. There may be heterogeneity in the

relationship between body size and breast cancer incidence

by breast cancer subtype [47]. Racial differences and dif-

ferences among studies may reflect differences in the mix

of cancer subtypes comprising the cancer cases in each

group [36]. Finally, classification of menopausal status did

not take into account use of HT.

The work has unique strengths. This analysis compre-

hensively studied life course body size and breast cancer

risk among Black American women. Additionally, we
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focused on a Black population in the South, the US region

where the majority (55 %) of Black Americans lives [48].

The study was population-based and used a rapid ascer-

tainment system to interview and measure 95 % of breast

cancer cases within 12 months of diagnosis, limiting

selection bias from mortality and measurement bias from

treatment and disease-related weight gain. We also con-

ducted supplemental analyses to evaluate whether HT

affected associations. Restricting to non-users of HT

changed several associations among postmenopausal White

women, a group with high prevalence of HT use in our

study. These findings confirm that HT is an important

modifier to consider in studies of body size and cancer risk,

particularly in populations with high HT usage.

This research adds further evidence that the processes by

which body size influences breast cancer risk are complex,

varying by period in the life course, menopausal status, HT

use, and tumor subtype. Additionally, the results for the

association between childhood weight and premenopausal

breast cancer add further evidence that early-life body size

has long-term influences on adult cancer risk. Additionally,

consistent with a recent meta-analysis [6], we failed to find

strong positive associations between greater BMI near the

time of diagnosis and risk of breast cancer, but did find

positive associations with greater WHR.
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