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ARTICLE INFO ABSTRACT

Article history:

Purpose: Body size and ethnicity may influence breast cancer tumor characteristics at diagnosis. We
compared Hispanic and non-Hispanic white (NHW) cases for stage of disease, estrogen receptor (ER)
status, tumor size, and lymph node status, and the associations of these with body size in the 4-Corners
Breast Cancer Study.

Methods: One thousand five hundred twenty-seven NHW and 798 Hispanic primary incident breast
cancer cases diagnosed between October 1999 and May 2004 were included. Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated by multiple logistic regression.

Results: Hispanic women were more likely to have larger (>1 cm) ER— tumors and more than four positive
lymph nodes (P < .003). Lymph node status was not associated with body size. However, among NHW
women, obesity (body mass index >30) and increased waist circumference (>38.5 inches) were significantly
positively associated with ER— tumor status (OR, 1.87; 95% CI, 1.24—2.81 and OR, 2.59; 95% (I, 1.58—4.22,
respectively). In contrast, among Hispanic women, obesity and waist circumference had inverse associations
with ER— tumor status (OR, 0.49; 95% CI, 0.29—0.84 and OR, 0.56; 95% CI, 0.30—1.05, respectively).
Conclusions: Hispanic ethnicity may modify the association of body size and composition with ER— breast
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cancer. This finding could have relevance to clinical treatment and prognosis.

© 2013 Elsevier Inc. All rights reserved.

Introduction

Breast cancer risk in women is associated with body size and
composition; however, this finding is dependent on the meno-
pausal status [1,2]. Breast cancer prognosis also may be associated
with increased adiposity, which has been linked with poor survival
and increased risk for breast cancer recurrence [3—8]. Some studies
report that obesity is strongly associated with breast cancer prog-
nostic markers, including positive estrogen receptor (ER) status
[9,10], increased tumor size [11—13], advanced stage of disease
[14,15], and positive nodal status [12,16]. Furthermore, breast
cancer treatment is based on the evaluation of these prognostic
markers, and some studies suggest that treatment is further asso-
ciated with postdiagnostic changes in weight and body composition
that impact survival and that this association may depend on
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prediagnosis body weight [17,18]. Thus, establishing the associa-
tions of body size with these markers at the time of diagnosis is
important because it may illuminate the pathways by which obesity
influences breast cancer prognosis.

We tested the hypothesis that the following body size measures,
body mass index (BMI), waist circumference, and waist—hip ratio
(WHR), are associated with baseline prognostic markers using data
for breast cancer cases from the 4-Corners Breast Cancer Study (4-
CBCS). The purpose of the 4-CBCS was to evaluate the associations
between various risk factors for breast cancer in Hispanic and non-
Hispanic white (NHW) women residing in the Southwestern United
States.

Methods
Study population

The study participants in the 4-CBCS were women between the
ages of 25 and 79 years living in Arizona, Colorado, New Mexico,
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and Utah. The methods for subject selection, participation rates,
data collection, and quality control procedures are described in
previous publications [19—24]. Cases were ascertained through
the National Cancer Institute as Surveillance Epidemiology and
End Results registries in New Mexico and Utah and through the
Centers for Disease Control and Prevention National Program of
Cancer Registries for Colorado or Arizona. All primary incident
cases diagnosed with in situ or invasive breast cancer between
October 1999 and May 2004 with histological confirmation were
eligible. Registries provided information on estrogen and proges-
terone receptor tumor status for approximately 70% of cases [22].
All study participants signed informed consent documents before
the study enrollment. The study was approved by the institutional
review board for human subjects at each institution.

Data description

In-person interviews were administered to participants by
trained interviewers using a computerized questionnaire to collect
data on demographic characteristics and breast cancer risk factors
before the referent year (date of diagnosis). Ethnicity was based on
self-report. Risk factors included reproductive history, medical and
medication history, height, weight history, diet, physical activity,
education, smoking history, and alcohol intake. All participants had
a blood draw, and anthropometric measurements were obtained.

BMI for the referent year was based on the self-reported weight
and the measured height collected by the interviewer at the time
of interview and expressed as weight (kilogram)/height (square
meter). Levels of body size were defined using international BMI cut
points of less than 25 as normal weight, 25—29.9 as overweight, and
30+ as obese. Self-reported BMIs at ages 15, 30, and 50 years were also
considered in the analyses. BMI levels at ages 15 and 30 years were
defined as the following quartiles: BMI at age 15, less than 17.9,
17.9—19.5,19.5—21.2, and greater than 21.2 kg/m? and BMI at age 30,
less than 20.5, 20.5—22.1, 22.1—-24.4, and greater than 24.4 kg/m?. BMI
at age 50 years was analyzed using the international cut points.
Changes in BMI between ages and the referent year were calculated
and analyzed as continuous variables. Waist and hip circumferences
were measured in duplicate at the time of interview and to the nearest
0.5 inches. For the analyses, waist circumferences were categorized
into quartiles, based on the normal distribution of the sample as
follows: <30.6 (referent), 30.6—34.1, 34.1—38.5, and >38.5 inches.
WHRs were calculated and categorized as >0.8, 0.8—0.9, and >0.9.

An algorithm based on age younger than 57 years at referent
date and responses to eight questions regarding menstrual status,
hormone replacement use, and surgical or medical menopause was
used to determine menopausal status, as previously described [22].
Postmenopausal women were further stratified based on their
recent exposure to hormones, which was defined as hormone
replacement therapy use within the past 2 years or pre- or peri-
menopausal status during the 2 years before the referent date [22].
Women who were perimenopausal at the time of interview were
grouped with premenopausal women in analyses. Parity, or number
of live births, was categorized as nulliparous, one to two live births,
three to four live births, and five or more live births. Family history of
breast cancer was determined by the report of first-degree relatives.
Education was categorized as less than high school graduate, high
school graduate or General Educational Development, some college,
and bachelors or more. Cigarette smoking status was categorized as
current, former, or never smoker. Recent hormone exposure was
based on the recent hormone exposure within 2 years of the referent
year. Age at menarche was categorized as younger than 12, 12, 13,
and 14 years or older. Self-reported history of diabetes was based on
the following responses: “yes,” “no,” or “borderline.” Self-reported
history of mammography screening was recorded as “yes” or “no.”

The clinical and tumor characteristics, such as stage, lymph node
status, tumor size, and ER status, were obtained from the cancer
registries [25]. Cancer stage groupings were coded as in situ (stage
0) versus invasive disease. ER status and lymph node status were
both coded as positive versus negative. Tumor size was coded as
less than 1 cm or greater than or equal to 1 cm.

Data analysis

A total of 2325 breast cancer cases were included for the anal-
yses (1527 NHW and 798 Hispanic/American Indian and Alaska
Native). Descriptive statistics were calculated using chi-squared
tests for categorical variables and t tests for continuous variables.
Multiple logistic regression models were used for this case—case
comparison to calculate the association of body composition and
obesity measures with the breast cancer prognostic markers.
Covariates included in the analysis were age, ethnicity, menopausal
status, education, family history, age at menarche, parity, smoking
status, time to interview, study center, recent hormone exposure,
history of diabetes, and history of mammography screening. Models
were then stratified by ethnicity to test for effect modification and
divergent patterns within the data, and P values for interaction tests
were calculated by including multiplicative interaction terms in the
multivariable logistic regression models if there was evidence of
divergent patterns. The statistical significance of the interactions
was evaluated using the difference in maximum likelihood esti-
mates. All P values are two sided. SAS statistical software (version
9.2; SAS Institute, Cary, NC) was used to conduct all analyses.

Results

The mean age of women in the present analyses was 54.2 years
(SD = 11.2). Hispanic women were somewhat younger than NHW
women, with a mean age of 52.2 years (SD = 11.2) for Hispanic
women and 55.3 years (SD = 11.1) for NHW women. NHW women,
in comparison to Hispanic women, reported higher education
levels, lower parity, more family history of breast cancer, and more
recent exposure to exogenous hormones (Table 1).

Hispanic women had larger tumors (P <.0001), were more likely
to have positive lymph node involvement (P = .0034), and had
ER— tumors (P =.0020) (Table 2). Hispanic women had significantly
higher means for all body composition measures than NHW
women (Table 3). The higher waist circumferences in Hispanic
women suggest more centralized adiposity than NHW women
(Hispanic mean = 36.0, SD = 5.5 vs. NHW mean = 34.2, SD = 5.7)
(Table 3). The ethnic groups were closely similar for BMI at age of 15
years, with mean BMI = 19.8, (SD = 3.2) for Hispanic women versus
mean BMI = 19.7 (SD = 2.9) for NHW women (Table 3).

0Odds ratios (ORs) for body composition measures and prog-
nostic characteristics are shown in Table 4. All ORs are stratified by
ethnicity and have been adjusted for age, menopausal status, ed-
ucation, study center, and time to interview. There were divergent
results between the ethnic groups for the association of current
waist circumference with ER— tumor status. Among NHW women,
increased waist circumference (>38.5 inches vs. <30.6 inches) was
associated significantly with an increased risk for ER— tumor status
(OR, 2.59; 95% confidence interval [CI], 1.58—4.22) (Table 4). In
contrast, there was an inverse association with increased central-
ized adiposity and ER— status, among Hispanic women; however,
the point estimate was not statistically significant (OR, 0.56; 95% CI,
0.30—1.05) (Table 4). We also examined waist circumference using
the cut points for the clinical identification of metabolic syndrome
among women [26] (0—35 vs. >35 inches) and found a significant
positive association for ER— breast cancer among NHW women
with a waist circumference greater than 35 inches (OR, 1.74; 95% CI,
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Table 1 Table 2
Baseline data on selected study population characteristics, 4-CBCS (1999—2004) Baseline data on prognostic factors, 4-CBCS (1999—2004)
Characteristics Hispanic (n =798)  NHW (n =1527) X?P Prognostic factor Hispanic (n = 798) NHW (n = 1527) X2 p
N (%) N (%) N (%) N (%)

Age at diagnosis (y) <.0001 Stage .0594

<29 8 (1.00) 9(0.59) In situ 129 (17.4) 259 (16.4)

30-39 85 (10.65) 90 (5.9) Localized 361 (46.0) 806 (54.0)

40-49 266 (33.34) 433 (28.36) Regional 264 (33.6) 371 (24.9)

50—59 228 (28.57) 453 (29.67) Distant 7(0.9) 17 (1.1)

60—69 148 (18.54) 356 (23.32) Unstaged 24 (3.1) 40 (2.7)

70-79 3 (7.89) 186 (12.18) Tumor size (cm) <.0001

Education <.0001 <1 117 (14.66) 325 (21.28)

Under high school 245 (30.70) 64 (4.19) >1 548 (68.67) 934 (61.17)
High school 221 (27.69) 308 (20.17) Unknown 133 (16.67) 268 (17.55)
Some college 218 (27.32) 562 (36.80) . - — —
Bachelors or more 114 (14.29) 503 (38.83) Hispanic (n = 662) NHW (n = 1246)

Age at menarche (y) .0064 N (%) N (%)
<12 181 (22.68) 314 (20.56) R status”

12 207 (25.94) 407 (26.65) Positive 449 (67.82) 915 (73.43) 0020
13 178 (22.31) 431 (28.23) Negative 138 (20.85) 191 (15.33)
214 232(29.07) 375 (24.56) Unknown 75 (11.33) 140 (11.24)

Menopau§e status -00z21 Lymph node status” .0034
Pre/perimenopausal 333 (41.73) 538 (35.23) 1-3 nodes 161 (24.32) 222 (17.82)

Postmenopausal 465 (58.27) 989 (64.77) positive

Number of live births <.0001 >4 nodes 74 (11.18) 95 (7.62)
None 7 (9.65) 260 (17.03) positive
1-2 327 (40.98) 696 (45.58) All nodes 342 (51.67) 760 (61.0)
3-4 283 (35.46) 478 (31.30) examined
>5 111 (13.91) 3 (6.09) negative

Family history 0005 Not examined 42 (6.34) 83 (6.66
Yes 127(15.91) 345 (22.59) Unknown 43 (6.50) 86 (6.90
No 654 (81.95) 1160 (75.97)

Unknown 17 (2.13) 22 (1.44) * Based on the invasive breast cancer cases only.

Recent hormone exposure .0052
Yes 611 (76.57) 1244 (81.47)

No 187 (23.43) 283 (18.53) o ) )

History of type 2 diabetes <.0001 a similar divergent pattern between the ethnic groups was not
Yes 121 (15.2) 109 (7.1) found (Table 4). Changes in BMI between ages and referent year
I}%Iorderhne 625? gio z;) 1 332 5513'16)2) were also modeled. There was evidence for effect modification of

o B . . . .

Smoking status <0001 the association between change.r in BMI between the age of 15 years
Current 96 (12.03) 204 (13.36) and the referent year (Hispanics OR, 0.96; 95% CI, 0.93—1.00 vs.
Former 172 (21.55) 482 (31.57) NHW OR, 1.04; 95% CI, 1.01—1.07; Pinteraction = -001) (Table 4). These
Never 530 (66.42) 842 (55.08) associations for ER— tumor status were similar when stratified by

Hispanic (n = 798)  NHW (n = 1527)  ttest P menopausal status (data not shown).
Mean (SD) Mean (SD) _ Tablg § also shows the assl;Jaatll]oqs_betweTr_l rlnelasqre.s of body

Time to interview (mo) 2154 (11.25) 1817 (932) ~001 size and breast cancer stage by ethnicity. Multiple logistic regres-

1.25—2.42) and a nonsignificant association among Hispanic cases
(OR, 0.98; 95% CI, 0.65—1.47). The corresponding interaction
between ethnicity and waist circumference on ER status was highly
significant (Pjpteraction = .0001). Waist circumference was also
associated with increased tumor size among NHW women;
however, the largest effect found was among cases who had waist
circumferences between 34.1 and 38.5 inches compared with less
than 30.6 inches (OR, 1.71; 95% CI, 1.17—2.49) (Table 4).

Increased body size, measured as BMI at referent year, was
associated with ER— tumor status and with a divergent pattern
between the ethnic groups. Among NHW women, there was
a statistically significant positive association for risk of ER— tumor
status in obese compared with normal weight (BMI > 30 vs.
<25 kg/m?; OR, 1.87; 95% CI, 1.24—2.81); conversely, an inverse
association was found for Hispanic women (OR, 0.49; 95% CI,
0.29-0.84) (Table 4). The formal test of interaction between
ethnicity and BMI was statistically significant (Pinteraction = -0003).
Although WHR had a statistically significant positive association
with the risk of ER— tumors in NHW women (WHR, 0.8—0.9; OR,
1.99; 95% CI, 1.40—2.82 and WHR, >0.9; OR, 2.09; 95% (I,
1.20—3.66), there was no association in Hispanic women; therefore,

sion models were constructed comparing in situ versus invasive
cancer. Invasive stage was significantly associated with the highest
tertiles of BMI at referent year compared with normal BMI in NHW
women (OR, 1.64; 95% CI, 1.14—2.36); however, there was no

Table 3
Body composition data for all breast cancer cases, 4-CBCS (1999—2004)
Body composition Hispanic (n = 798) NHW (n =1527) ttestP
Mean (SD) Mean (SD)
BMI (kg/m?)
Referent year 28.1(5.8) 26.8 (6.1) <.0001
Atage 15y 19.8 (3.2) 19.7 (2.9) <.0001
Atage 30y 23.8 (4.1) 22.5(3.9) <.0001
At age 50 y 27.2(5.1) 25.9(5.6) <.0001
Unknown
15-30y 4.1(3.8) 3.0(3.4) <.0001
15-50y 7.2(5.3) 6.1 (4.9) .002
15 to referent year 8.2 (5.7) 7.3 (5.7) .002
30-50y 3.6 (4.1) 34 (4.1) 430
30 to referent year 4.3 (3.9) 4.4 (4.1) 652
50 to referent year 1.4 (3.9) 1.6 (3.5) 298
Waist circumference (in)”  36.0 (5.5) 34.2 (5.7) <.0001
WHR" 0.84 (0.07) 0.80 (0.07) <.0001

* Anthropometrics that were measured at time of interview.
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Table 4
Baseline data on association of body composition with prognostic markers, stratified by ethnicity, 4-CBCS
Body size Stage ER status” Lymph node status” Tumor size
measures - - - X —
In situ vs. invasive ER+ vs. ER— Negative vs. positive <1.0cmyvs. >1.0 cm
Hispanic NHW Hispanic NHW Hispanic NHW Hispanic NHW
BMI (kg/m?), referent
<25.00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
25.00-30.00 1.08 (0.68—1.70) 1.33(0.97—1.84) 1.18(0.74—1.87) 1.86(1.26—2.74) 0.84(0.55—1.29) 1.11 (0.81—1.52) 1.07 (0.65—1.76) 1.25 (0.92—1.70)
>30.00 1.19(0.74-191) 1.64(1.14-236) 0.49 (0.29-0.84) 1.87 (1.24-2.81) 1.02(0.67—1.57) 1.06 (0.75—1.51) 1.08 (0.65—1.80) 1.09 (0.79—1.51)
Ptrend 33 .002 .01 .002 .93 .99 .82 24
N 790 1507 585 1103 577 1077 662 1256
BMI (kg/m?), age 15
<17.90 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
17.90—19.50  1.40 (0.80—2.44) 1.43 (0.98—2.08) 0.96 (0.54—1.69) 1.12(0.72—1.75) 0.64 (0.38—1.08) 1.23 (0.84—1.79) 0.68 (0.38—1.22) 1.02 (0.70—1.47)
19.50-21.20  1.30(0.76-2.21) 1.22 (0.85-1.76) 0.77 (0.44—1.36) 0.92 (0.58—1.46) 0.84 (0.51—1.40) 1.09 (0.74—1.60) 1.23 (0.66—2.31) 1.03 (0.71—1.49)
>212 147 (0.85-2.51) 1.49(1.01-2.19) 0.87 (0.50-1.52) 1.18 (0.75—1.85) 1.11(0.67—1.83) 0.93 (0.65—1.43) 0.95(0.53—1.71) 1.11 (0.76—1.60)
Pirend .20 11 .63 .76 A48 .90 .67 .68
N 754 1456 559 1060 552 1034 633 1211
BMI (kg/m?), age 30
<20.49 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2049-22.09 1.94(1.04-3.63) 1.27(0.89-1.81) 1.60(0.83—3.08) 0.99 (0.62—1.56) 1.07 (0.60—1.93) 1.21 (0.84—1.74) 1.75(0.90—3.40) 1.08 (0.76—1.52)
22.09-2440 1.55(0.88—2.75) 1.15(0.81-1.63) 1.17 (0.61-2.24) 1.20 (0.77-1.87) 1.27(0.72—2.23) 1.14(0.78—1.65) 1.48 (0.80—2.72) 1.42 (0.99—2.03)
>24.40 1.48 (0.88—2.52) 2.05(1.33—3.14) 0.88(0.47—-1.67) 1.20(0.76—1.91) 1.21(0.70—2.07) 0.93 (0.62—1.38) 1.56(0.87—2.78) 1.22(0.85—1.77)
Pirena 20 001 08 03 85 50 98 44
758 1478 558 1077 554 1056 258 418
BMI (kg/m?), age 50
<25.00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
25.00-30.00 1.41(0.78-2.56) 1.12(0.75-1.68) 1.08 (0.50-2.34) 1.27 (0.74—2.16) 0.78 (0.42—1.45) 1.00 (0.67—1.51) 0.97 (0.51-1.82) 0.88 (0.61—1.28)
>30.00 1.63 (0.79-3.34) 1.30(0.78—2.17) 0.89 (0.36—2.19) 1.50 (0.82—2.75) 0.78 (0.39—1.59) 0.72 (0.43—1.21) 0.83 (0.40—1.72) 0.87 (0.56—1.35)
Pirend 04 40 42 a1 63 82 50 64
N 383 900 269 651 273 656 324 764

Changes in BMI (kg/m?) by age

15-30y 1.01 (0.96-1.07) 1.06 (1.02—1.11) 0.96 (0.91—1.02) 1.05(1.00—1.10) 0.99 (0.94—1.04) 0.98 (0.94—1.03) 0.99 (0.93—1.04) 1.04 (1.00—1.09)
Pirend 61 001 17 04 60 46 60 .06
738 1431 544 1037 539 1015 618 1190
15-50 y 1.02 (0.96-1.07) 1.01(0.97—1.05) 0.95 (0.88—1.03) 1.03 (0.99—1.08) 0.97 (0.92—1.02) 1.00 (0.96—1.04) 1.03 (0.97—1.09) 1.00 (0.97—1.04)
Ptrend 58 70 22 14 20 86 35 97
N 364 859 254 618 258 623 309 727
15 to referent 1.00 (0.97—1.04) 1.04 (1.01-1.07) 0.96 (0.93—1.00) 1.04 (1.01-1.07) 1.00 (0.97—1.03) 1.00 (0.97—1.02) 0.99 (0.96—1.03) 1.02 (1.00—1.05)
year
Pirend 81 01 05 004 81 81 66 .09
N 751 1453 556 1059 550 1032 631 1208
30-50y 1.03 (0.96—-1.11) 0.98 (0.94-1.03) 1.03 (0.96—1.11) 1.03 (0.97—1.08) 0.95 (0.89—1.02) 1.03 (0.98—1.07) 1.00 (0.93—1.07) 0.99 (0.95—1.03)
Pirend 42 40 43 36 18 22 95 49

30 to referent

375
1.00 (0.96—1.04)

895
1.02 (0.99-1.05)

264
0.96 (0.92—1.01)

647
1.04 (1.01-1.08)

269
0.99 (0.95—1.03)

654
1.01 (0.98—1.04)

317
0.99 (0.95—1.04)

759
1.01 (0.98—1.04)

year
Ptrend .97 19 11 .02 .70 .63 75 43
N 755 1475 555 1076 552 1054 631 1228
50 to referent 0.96 (0.89—1.04) 1.04 (0.99—1.09) 0.96 (0.88—1.04) 1.06 (0.99—1.13) 1.05(0.97—1.12) 1.00 (0.94—1.05) 0.97 (0.90—1.06) 1.02 (0.97—1.06)

year

Ptrend 31 17 .30 .09 22 .87 .52 49
N 381 898 267 650 271 655 322 762

Waist circumference (in), interview
<30.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
30.6—34.1 1.39(0.78-2.47) 1.14(0.81-1.62) 0.68 (0.37—1.25) 1.73(1.05—2.88) 1.19(0.67—2.13) 0.96 (0.66—1.40) 1.72(0.91-3.24) 1.35(0.95-1.92)
34.1-385 2.21(1.18—4.14) 1.47(1.00-2.17) 0.73 (0.40—1.34) 3.22(1.98-5.23) 1.25(0.70—2.24) 1.12(0.76—1.66) 1.82(0.96—3.45) 1.71 (1.17—2.49)
>38.5 1.24 (0.70-2.19) 1.79 (1.20—-2.67) 0.56 (0.30—1.05) 2.59 (1.58—4.22) 0.99 (0.55—-1.79) 0.98 (0.67—1.43) 1.33(0.72—2.46) 1.46 (1.01—-2.09)
Ptrend .59 <.001 .09 <.001 .83 91 .99 .03
N 774 1486 575 1085 567 1063 650 1238

WHR, interview
<0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
0.8—0.9 1.21(0.78—1.89) 1.23(0.92-1.64) 1.18 (0.67—1.66) 1.99 (1.40—2.82) 1.19(0.79—1.80) 1.05(0.79—1.41) 1.22(0.77—-1.94) 1.10(0.83—1.44)
>0.9 0.87 (0.49—-1.56) 1.64 (1.14-2.36) 1.05(0.67—1.66) 2.09 (1.20—3.66) 0.85(0.48—1.53) 1.09 (0.68—1.75) 1.37 (0.70—2.67) 1.40 (0.87—-2.25)
Ptrend .82 .04 35 <.001 .82 .65 31 18
N 793 1510 587 1106 579 1080 665 1259

All models adjusted for study center, menopausal status, age, education, and time to interview.

BMI for the referent year.
OR (95% CI); Pgrena Values by chi-squared test for linear trend.

* ER status and lymph node status in logistic regression analysis restricted to invasive cases.

association in Hispanic women in the same risk category (OR, 1.19;
95% CI, 0.74—1.91) (Table 4). Invasive stage was also positively
associated with changes in BMI between ages 15—30 years and age
15 years to referent year, for increased waist circumference, and

WHR (Table 4). The addition of family history, age at menarche,
parity, history of diabetes, history of mammography screening, and
smoking status did not alter the divergent pattern or greatly change
the effect estimates (data not shown).
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Discussion

In this population-based case—case analysis, various markers for
adiposity were hypothesized to be associated with clinical breast
cancer prognostic markers, including ER status, breast cancer stage,
tumor size, and lymph node status. Our findings suggest that obesity,
as measured by BMI, waist circumference, and WHR, is associated
with invasive stage and ER— tumor status in NHW women with
breast cancer. Moreover, the associations with ER— tumor status by
BMI are modified by Hispanic ethnicity.

In a previous 4-CBCS publication, Slattery et al. [22] reported
that the relationship between obesity and breast cancer risk differs
between Hispanic and NHW women. Their case—control analysis
evaluated the association between ER status with BMI at referent
year and at age of 15 years, height, weight gain between age 15
years and referent year, and WHR. BMI at referent year was asso-
ciated with a reduction in risk for ER— tumors among obese
Hispanics (OR, 0.45; 95% CI, 0.26—0.76), whereas a nonsignificant
positive association was observed among obese NHW women (OR,
1.40; 95% CI, 0.95—2.07) [22]. An increased risk for ER— breast
cancer was also found among NHW women with WHR greater than
0.9 compared with less than 0.8 (OR, 2.04; 95% CI, 1.20—3.50),
whereas a nonsignificant inverse association was found among
Hispanics (OR, 0.79; 95% CI, 0.39—1.57) [22]. A recent 4-CBCS report
analyzed the relationships between behavioral risk factors and
tumor characteristics [27], including the association between BMI
and ER status. Among women younger than 50 years, ethnicity
modified the association between obesity and ER status; there was
an inverse association among obese Hispanic cases for ER— tumors
(OR, 0.29; 95% CI, 0.13—0.66) but a significant positive association
among NHW cases (OR, 2.47; 95% CI, 1.08—5.67) [27]. For this
research, our analyses not only investigated the associations
between BMI and ER status but also examined the effects of waist
circumference, BMI at ages 30 and 50 years, and changes in BMI
between selected ages. We also evaluated the associations between
these measures of adiposity and other clinical markers for breast
cancer. Based on our findings, waist circumference is an important
marker of central adiposity among NHW breast cancer cases that
should be considered in the obesity and ER status relationship.

Although we found a significant association for high WHR and
ER— breast cancer among NHW women, ethnic-specific results were
more divergent for waist circumference. Waist circumference has
been suggested to be a better predictor of central, abdominal, or
visceral obesity than WHR, BMI, or percent body fat [28]. Increased
waist circumference is positively correlated with circulating levels of
inflammatory markers, type 2 diabetes, and insulin resistance [29].
In the general population, Hispanic women have a higher preva-
lence of obesity and type 2 diabetes [30] and for our study, Hispanics
had higher levels for all BMI and waist circumference at all ages
when compared with NHW women. Nevertheless, the underlying
mechanisms for these divergent associations are unknown.

The relationship between obesity and ER tumor status and
the potential mechanisms contributing to these relationships and
subsequent phenotypes have been explored in the epidemiologic
literature. In a study of Hispanic and NHW breast cancer cases from
New Mexico, none of the relevant adiposity measures (BMI, waist
circumference, and WHR) were found to be associated with a risk
of ER— tumors [12]. Paradoxically, other studies have found that
obesity, measured by BM], is linked to postmenopausal ER+ breast
cancer and not ER— breast cancer [31—34]. The relationship between
obesity and ER+ breast cancer is thought to reflect increased es-
trogen synthesis in adipose stores and greater bioavailability [35].
With the case of the association between obesity and ER— tumors, it
has been speculated that insulin and the adipocytokine leptin may
play a role in this relationship [36]. Leptin, vascular endothelial

growth factor, and heparin-binding epidermal growth factor—like
growth factor may stimulate ER— tumors. Moreover, there is the
assumption that the action of estrogen is not influenced by mecha-
nisms related to hormonal, paracrine, and autocrine factors [37]. It is
plausible that leptin and insulin act synergistically in the develop-
ment of this metastatic tumor phenotype [36], as plasma leptin and
insulin levels have been reported to be positively correlated with
ER— tumors [38]. Clearly, more research is warranted to obtain
a better understanding of the possible mechanisms behind the
obesity and ER— breast cancer association.

There are possible limitations and strengths to the present study.
Response rates were consistently lower among Hispanic cases for all
study sites, and it is possible that the nonrespondents’ characteristics
could be different from those who participated in the study, which
could create selection bias. Response rates were also fairly low among
NHW cases. However, our study is one of the few that included
a substantial number of Hispanic cases from a multisite population-
based study, unlike previous studies with similar research aims.
There is the possibility for recall bias in relation to self-reported body
weight and height at the various time points selected; nonetheless,
the accuracy of recalled body weight and height is good. In a previous
report of the validity of self-reported past body weight in U.S. men and
women, recalled past weight was strongly correlated with previously
measured weight, with correlations reported as 0.74 for women, and
41% of women estimating their past weight within 5 pounds [39].

In spite of these limitations, our data suggest that obesity
measured by BMI and waist circumference is significantly and posi-
tively associated with ER— breast cancer among NHW but inversely
associated in Hispanic women. Our results also suggest a possible
association between BMI, waist circumference, WHR, and invasive
stage of disease. Our findings for ER— breast cancer build on those
previously reported by other researchers from the 4-CBCS [22,27] as
well as a previous report from the New Mexico site of the Healthy
Eating, Activity, and Lifestyle study, which suggests that Hispanic
ethnicity may modify the hormone-mediated effects of obesity on
breast cancer [12]. It could be speculated that the effect modification
presented in our results could be because of the genetic differences
between Hispanic and NHW women and that certain genetic variants
could alter obesity-related risk factors for ER— tumors. These
hypotheses should be investigated further and explored with other
tumor phenotypes, including triple-negative breast cancer. A
previous 4-CBCS case—case analysis that included a subset of cases
from Colorado reported that Hispanics were almost three times more
likely to have HER2+ breast tumors when compared with NHW
cases; however, this study did not test the hypothesis that obesity
markers are major contributing factors to the association between
ethnicity and tumor phenotypes [40]. In conclusion, our findings
suggest that there is more to the estrogen, obesity, and ER status
relationship, as leptin and insulin might play significant roles in the
obesity and ER—breast cancer association. Furthermore, these find-
ings could have relevance to clinical treatment and prognosis.
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