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Abstract

Obesity is reported to be associated with poorer survival in women with breast cancer, regardless of menopausal
status. Our purpose was to determine if the associations of obesity with breast cancer—specific, all-cause, and
non-breast cancer mortality differ between Hispanic and non-Hispanic white (NHW) women with breast cancer.
Data on lifestyle and medical history were collected for incident primary breast cancer cases (298 NHW, 279
Hispanic) in the New Mexico Women’s Health Study. Mortality was ascertained through the National Death
Index and New Mexico Tumor Registry over 13 years of follow-up. Adjusted Cox regression models indicated a
trend towards increased risk for breast cancer-specific mortality in obese NHW women (hazard ratio [HR] 2.07;
95% confidence interval [CI] 0.98-4.35) but not in Hispanic women (HR 1.32; 95% CI 0.64-2.74). Obese NHW
women had a statistically significant increased risk for all-cause mortality (HR 2.12; 95% CI 1.15-3.90) while
Hispanic women did not (HR 1.23; 95% CI 0.71-2.12). Results were similar for non-breast cancer mortality:
NHW (HR 2.65; 95% CI 0.90-7.81); Hispanic (HR 2.18; 95% CI 0.77-6.10). Our results suggest that obesity is
associated with increased risk for breast cancer—specific mortality in NHW women; however, this association is
attenuated in Hispanic women.

Introduction mine if obesity (BMI>30kg/ m?) is associated with breast
cancer-specific, all-cause, and non-breast cancer mortality,
and if these associations differ by Hispanic versus non-
Hispanic white (NHW) ethnicity based on data for partici-

pants in the New Mexico Women’s Health Study (NMWHS).

OBESITY IS ASSOCIATED WITH SEVERAL chronic health
conditions.' It is reported to be a significant risk factor
for breast cancer in postmenopausal women, although either
no association or a reduced risk has been reported in pre-
menopausal women.>*® Obesity around the time of diagno-
sis also has been reported to be associated with poorer survival
and increased likelihood of recurrence in women with breast

Materials and Methods

The NMWHS was a statewide population-based case-

cancer, regardless of menopausal status, stage of disease, or
treatment.>” Women with breast cancer may gain weight fol-
lowing treatment, which influences their quality of life.3” An
estimated 11,000 to 18,000 breast cancer deaths per year in U.S.
women >50 years of age could be prevented if women main-
tained a body mass index (BMI) of <25kg/ m? throughout
their adult lives.'” The association of obesity with breast cancer
has been attributed to increased concentrations of free estradiol
and free testosterone in obese postmenopausal women.>”
Several recent prospective studies have examined the re-
lationship between obesity and breast cancer-specific mor-
tality and reported relative risks ranging from 1.45 to
1.57.5112 The purpose of the present analyses was to deter-

control study of breast cancer in Hispanic and NHW women
described previously in detail.'*'® Women diagnosed with a
new primary breast cancer were ascertained through the New
Mexico Tumor Registry (NMTR), a member of the Surveil-
lance, Epidemiology and End Results (SEER) Program of the
National Cancer Institute. Women diagnosed with invasive or
in situ breast carcinoma from January 1, 1992, through De-
cember 31, 1994, who were residents of the state and between
20 and 80 years of age at diagnosis, were eligible for the study.

Identification of study subjects

All Hispanic cases (n=491) ascertained and approximately
33% of NHW cases (1=493), selected using a stratified
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random selection process, were eligible for participation.
Sampling fractions were based on the ratio of Hispanic to
NHW cases by age group and geographic location (planning
district) using data from a previous 3-year period (1988-1990).
Population-based controls were selected using a modified
random-digit dialing method and were frequency matched to
cases based on ethnicity, age group (30-39, 40-64, 65-74
years), and the seven health planning districts. Of the 984
eligible women identified, 73% completed an interview: 339
Hispanic and 383 NHW. Specific details on nonparticipation
were reported previously.'

Exclusions

Case ascertainment for the NMWHS was restricted to a first
primary breast cancer diagnosis. It was subsequently deter-
mined at the time of follow-up study (2007-2011) that 29 cases
had a prior breast cancer diagnosis due to a delay in data
abstraction for cases diagnosed in outlying areas of the state
or outside of the state. These subjects were excluded from
survival analyses. Another case was excluded because the
subject did not have a confirmed breast cancer diagnosis but
rather another cancer at study enrollment. Five other cases
were excluded due to missing breast cancer stage at diagnosis.
Lastly, 110 in situ cases were excluded, resulting in a final
sample of 577 invasive cases for survival analyses (Fig. 1). One
additional case was excluded from breast cancer—specific and
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non-breast cancer mortality analyses because the primary
cause of death was unknown.

Data collection—anthropometric measurement
and covariates

A lifestyle questionnaire administered by trained inter-
viewers was used to collect data on demographic character-
istics, reproductive and medical histories, oral contraceptive
and hormone use, family history of cancer, alcohol and ciga-
rette smoking history, height, current weight, usual adult
weight, weight at age 18, physical activity, and breast cancer
surgery and treatment. Dietary data were collected using a
validated 140-item food frequency questionnaire (FFQ) and
used to estimate usual nutrient intake.'”"'® This FFQ incor-
porated unique food items specific to New Mexico women.
The referent period for food intake was approximately 6
months prior to the diagnosis date for cases or interview date
for controls.

Subjects reported their height in feet and inches and current
weight and at age 18 in pounds. Body mass index (BMI) was
calculated with weight in kilograms and height in meters and
was categorized as <24.9kg/m” (normal), 25.0-29.9 kg/m?
(overweight), and >30kg/ m? (obese).’ BMI at age 18 was
categorized as <18.5kg/m” (underweight), 18.5-24.9kg/m”
(normal weight), 25.0-29.9 kg /m? (overweight), and >30kg/
m? (obese).19 Education in years was categorized as <12, 12,
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or >12 years. Parity was categorized as nulliparous, 1, 2, 3,
or >4. Family history of breast cancer was based upon breast
cancer diagnosis in mother, sister, or daughter. Comorbidity
included self-reported history (yes, no) of diabetes, high
cholesterol, high blood pressure, stroke, and heart attack.
Age at diagnosis, duration of estrogen hormonal therapy in
years, and energy intake of calories per day were included as
continuous variables. Smoking history was coded as never,
former, or current. Physical activity was calculated as the
total metabolic equivalent task (METs) score in hours per
week.”” Menopausal status was categorized as premeno-
pausal, postmenopausal, or surgical/unknown based on
self-reported menstrual history, history of hysterectomy
(with or without oophorectomy), and use of hormone re-
placement therapy °.

Breast cancer prognostic markers and treatment informa-
tion were abstracted from hospital records by NMTR. Estro-
gen receptor (ER) status was coded as ER positive (ER+), ER
negative (ER ), or unknown. Cross-classification by proges-
terone receptor (PR) status was not considered in the present
analyses due to the small numbers of discordant pairs (i.e.,
ER+ /PR— or ER-/PR+). Breast cancer stage was catego-
rized as local versus regional and distant. Breast cancer
treatment was Categorized as no surgery, surgery only, sur-
gery plus radiation, surgery plus chemotherapy, and surgery
plus radiation and any chemotherapy.

Written informed consent was obtained at the time of the
interview. The NMWHS baseline and follow-up studies were
approved and monitored by the Institutional Review Board
committees at the University of New Mexico and University
of Louisville.

Outcome assessment

Deaths were ascertained through the National Death Index
(NDI), as well as NMTR, Lexus Nexus Accurint website
(http://www.accurint.com), the Social Security Death Index
(http://ssdi.rootsweb.ancestry.com), online obituaries, family
notifications, and returned mail. Mortality data from NDI
were collected through December 31, 2008, the most recent
date for which NDI data were available. For cases, survival
data were merged with updated data for clinical and tumor
characteristics from NMTR.

The majority (99%) of deaths due to any cause were ac-
counted for by NDI submissions. The following variables
were submitted to NDI for death identification purposes: last
name, first name, middle initial, social security number, birth
date, father’s surname, age at death, race, sex, state of resi-
dence, and state of birth. Matching variables were then cre-
ated based on the variables submitted to verify NDI results for
subjects. A total of 135 subjects were considered NDI “perfect
matches” because the majority of important variables sub-
mitted matched with data collected for NDI records (last
name, first name, middle initial, social security number, birth
date). A visual inspection of NDI record results was made in
order to classify the remaining subjects. A total of 99 subjects
were classified as “partial matches” due to missing or incor-
rect information for at least one identifying variable submit-
ted to NDI. There were 458 subjects remaining who did not
match on the variables included in the NDI submissions. An
additional three deaths due to any cause were also identified
from NMTR results.

CONNOR ET AL.

Statistical analyses

The outcomes for the present analyses were breast cancer—
specific mortality, all-cause mortality due to any cause, and
non-breast cancer mortality. Breast cancer—specific mortality
was identified as ICD codes C50, malignant neoplasm of
breast of unspecified site, or 174, malignant neoplasm of female
breast, for primary cause of death on the death certificate.
Death due to any cause was defined as a death occurring
during the selected time period, including breast cancer deaths.
The follow-up period was time from the date of diagnosis to
death date, or December 31, 2008, if the subject was still alive.

Characteristics of the cases at baseline were compared
across the BMI subgroups and by ethnicity using the chi-
square statistic for categorical variables and ANOVA for
continuous variables. Kaplan-Meier survival analysis was
used to compare groups for breast cancer—specific, all-cause,
and non-breast cancer mortality. Log-rank p values were
calculated to test for significant differences between ethnicity
and BMI categories. Multivariable Cox proportional hazards
regression was used to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs) for the association of BMI with
breast cancer-specific, all-cause, and non-breast cancer mor-
tality.”! Univariable analyses were performed to screen for
potential confounders using a p value of 0.20. Stratified ana-
lyses were examined for effect modification by ethnicity and
menopausal status for all-cause and non-breast cancer mor-
tality and by ER status for breast cancer—specific mortality.
Covariates were considered confounders if they produced a
change in the point estimate for BMI of >10%.>* Tests of trend
were computed using the median values within each category
of BMI. All analyses were performed using the Statistical
Analysis System (SAS) software, version 9.2 (SAS Institute
Inc., Cary, NC).

Results

Mean follow-up time was approximately 13 years. There
were a total of 215 deaths (106 Hispanic, 109 NHW), and 129
of these invasive cases were considered breast cancer—specific
deaths (Fig. 1).

Baseline characteristics stratified by BMI at interview and
ethnicity are shown in Table 1. Twenty-eight percent of His-
panics (n=77) compared to 16% of NHW (1 =47) women were
obese. Among the women who were overweight at age 18,
more Hispanics were obese at time of interview (16%) com-
pared with NHW (2%). Approximately 27% Hispanic and
11% NHW women who were obese had a history of Type 2
diabetes. Hispanic women consumed more calories per day,
regardless of BMI level. There were significant differences
(p<0.05) between BMI and ethnic groups for parity, history of
diabetes, education, and menopausal status. The average age
at diagnosis was 53.2 years (SD=11.2).

Figures 2, 3, and 4 show Kaplan—-Meier survival curves for
breast cancer—specific mortality, all-cause mortality, and non—
breast cancer mortality by ethnicity and BMI. Differences
between curves were observed only for all-cause mortality
(log-rank p=0.06). We tested the proportional hazards as-
sumption by modeling interaction terms of time and BMI and
found no significant interactions.

Obesity at time of interview was significantly associated
with all-cause mortality (HR=1.50; 95% CI 1.03-2.17, prenda =
0.05) and nonsignificantly with increased risk of breast
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TABLE 1. BASELINE CHARACTERISTICS FOR WOMEN DIAGNOSED WITH A FIRST NEW PRIMARY BREAST CANCER,
NEw MEexico WoMEN’s HEALTH StuDY, 1992-1994
BMI category at interview
Hispanic (N=279) Non-Hispanic white (N=298)
<24.9 25-29.9 >30 P <24.9 25-29.9 >30 P P
Characteristics N=105 N=97 N=77  wvalue® N=166 N=85 N=47  value® value®
N % N % N % N % N % N %
BMI, age 18 (kg/m?)
<185 26 260 17 18.1 7 9.2 <0.01 42 253 16 193 5 10.6 <0.01 0.28
18.5-24.9 74 740 74 787 55 724 120 723 64 771 38 809
25-29.9 0 0 3 32 12 158 3 1.8 2 24 1 2.1
>30 0 0 0 0 2 2.6 1 0.6 1 1.2 3 6.4
Education (years)
<12 45 433 35 361 33 429 028 36 218 26 306 17 362 0.06 <0.01
12 26 25.0 32 33.0 28 364 12 7.3 2 2.4 3 6.4
>12 33 317 30 309 16 208 117 709 57 671 27 575
Parity
Nulliparous 17 162 6 62 10 13.0 0.02 37 233 6 7.1 4 8.5 <0.01 <0.01
1 16 152 2 2.1 5 6.5 33 199 12 141 5 10.6
2 23 219 16 165 15 195 48 289 29 341 19 404
3 19 181 35 36.1 15 195 31 187 14 165 8 170
>4 30 286 38 392 32 416 17 102 24 282 11 234
Family history
Yes 11 105 10 103 11 143 045 21 127 15 177 6 128 0.69 0.35
No 94 895 87 89.7 66 857 145 874 70 824 41 872
History of diabetes
Yes 8 76 11 11.3 21 273 <0.01 2 1.2 4 47 5 10.6 <0.01 <0.01
No 97 924 86 88.7 56 727 164 988 81 953 42 894
History of high cholesterol
Yes 25 238 20 206 20 260 079 34 205 34 400 14 298 0.03 0.25
No 80 762 77 794 57 740 132 795 51 600 33 702
History of high blood pressure
Yes 22 21.0 30 309 32 416 <001 40 241 31 365 23 489 <0.01 0.71
No 83 791 67 69.1 45 584 126 759 54 635 24 511
History of stroke
Yes 3 29 3 3.1 0 0 0.22 1 0.6 1 1.2 2 43 0.08 045
No 102 971 94 96.9 77 100 165 994 84 988 45 957
History of heart disease
Yes 4 3.8 2 2.1 3 39 097 9 5.4 5 59 3 6.4 079 0.15
No 101 692 95 979 74 96.1 157 946 80 941 44 936
Estrogen receptor status
ER+ 64 647 54 60.7 49 710 046 104 698 58 773 27 692 0.70 0.09
ER- 35 354 35 393 20 29.0 45 302 17 227 12 308
Stage of breast cancer
Local 61 581 58 59.8 42 546 086 110 663 56 659 30 638 050 0.05
Regional 39 371 37 38.1 34 442 54 325 27 318 13 277
Distant 5 48 2 2.1 1 1.3 2 1.2 2 24 4 8.5
Menopausal status
Premenopausal 52 495 36 375 26 342 003 57 343 17 200 13 277 025 0.01
Postmenopausal 49 467 53 552 45 592 97 584 64 753 31 66.0
Surgical/unknown 4 38 7 73 5 6.6 12 72 4 47 3 6.4
Breast cancer treatment
No surgery 1 1.0 1 1.0 0 0 084 2 1.2 1 1.8 2 43 0.88 0.66
Surgery only 37 352 29 299 29 377 59 355 30 353 16 340
Surgery and radiation 22 21.0 22 227 13 169 38 229 19 224 9 192
Surgery and 16 152 23 23.7 15 195 26 157 14 165 13 277
chemotherapy
Surgery, radiation, 29 276 22 227 20 26.0 41 247 21 247 7 149

and chemotherapy

(continued)
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TaBLE 1. (CONTINUED)
BMI category at interview
Hispanic (N=279) Non-Hispanic white (N=298)
<24.9 25-29.9 >30 P <24.9 25-29.9 >30 ) )
Characteristics N=105 N=97 N=77 wvalue® N=166 N=85 N=47  value® value®
Smoking history
Current 9 8.6 23 237 10 13.0 0.04 33 199 11 129 4 85 0.19 0.25
Former 26 248 22 227 28 364 47 283 33 388 16 34.0
Never 70  66.7 52 53.6 39 50.7 8 51.8 41 482 27 575
p P P
Mean SD Mean SD Mean SD value® Mean SD Mean SD Mean SD  valueS value®
Age at diagnosis 51.1 125 51.8 132 526 11.1 0.73 536 11.1 573 89 537 100 0.02 <0.01
Total METS (h/wk) 45.0 362 473 327 426 268 065 49.1 317 494 357 398 272 019 0.36

Calories/day

Estrogen use (years) 14 45 20 51

2271.5 928.1 2488.6 1141.9 2478.2 936.5 0.24 2205.5 877.4 2181.7 759.7 2413.9 890.7 0.27 0.03
24 54 040 38 69 54 73 37

8.0 0.20 <0.01

“For tests of differences among women with different body mass index (BMI) status within ethnicity, Mantel-Haenszel b p value for

categorical values.

PEthnic group comparison, regardless of BMI status, Mantel-Haenszel ;(2 p value for categorical values.

For tests of differences among women with different BMI status, ANOVA for continuous variables.

9Ethnic group comparison, regardless of BMI status, t-test p value for continuous values.

ER+, estrogen receptor positive; ER—, estrogen receptor negative; METS, metabolic equivalents of tasks.

Missing data: BMI at age 18 (n=11); education (n=2); menopausal status (1=2); estrogen receptor status (1=57); calories/day (1=8);
estrogen use (n=5); total METS (n=22). Note: Percentages may not equal 100% due to rounding.

cancer-specific death (HR=1.43; 95% CI 0.89-2.31, Ptrend =
0.20). Associations between obesity and non-breast cancer
mortality also were not statistically significant (HR =1.60; 95%
CI 0.85-3.01, pirena=0.16). Covariates considered in multi-
variable models included breast cancer stage and treatment,
energy expenditure (total METs), energy intake (kcals/d),
age, menopausal status, smoking history, and comorbid
conditions (diabetes, high blood pressure, stroke, coronary
heart disease).

Table 2 shows age-adjusted and fully adjusted HRs for
breast cancer—specific, all-cause, and non-breast cancer mor-
tality stratified by ethnicity. Although not statistically signif-
icant, effect modification by ethnicity was apparent among

the age-adjusted models for breast—cancer specific and all-
cause mortality. After adjusting for BMI at age 18, total METs,
duration of estrogen use, breast cancer stage, total daily en-
ergy intake, and post-breast cancer diagnosis, breast cancer—
specific mortality was positively associated with obesity
among NHW women in the fully adjusted model (HR=2.07;
95% CI 0.98-4.35, pirena =0.09); however, this association was
substantially attenuated in obese Hispanic women (HR =1.32;
95% CI 0.64-2.74, Pirena =0.50). This difference cannot be at-
tributed to loss of statistical power because the number of
Hispanic cases (n=279) was only 7% smaller than the NHW
(1=297). Results were similar for all-cause mortality: NHW,
HR=2.12 (95% CI 1.15-3.90, piena=0.03) versus Hispanic,

z
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FIG. 3. Kaplan-Meier sur-
vival curves for all-cause
mortality for each level of
BMI by H and NHW
ethnicity.
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HR=1.23 (95% CI 0.71-2.12, pyrena=0.47). When non-breast
cancer mortality was considered, obese NHW women had a
slightly higher risk for death (HR=2.65; 95% CI 0.90-7.81,
Ptrend = 0.15) compared with Hispanic women (HR=2.18; 95%
CI 0.77-6.10, pirena =0.15) after adjusting for covariates. HRs
for all-cause and non-breast cancer mortality were adjusted
for age, history of high blood pressure, history of stroke,
smoking status, total METs, and total daily energy intake. We
also compared the associations between obesity and ethnicity
for breast cancer—specific, all-cause, and non-breast cancer
mortality by obesity levels measured by BMI=30-34.9 kg/ m?
and BMI >35kg/ m?; however, results were not significant
due to insufficient power. There were only 39 cases (30 His-
panic, 9 NHW) with BMI levels of >35kg/m?.

Table 3 shows analyses stratified according to ER status.
Although results were not statistically significant, the ethnic
disparity in risk was found for ER+ breast cancer—specific
mortality (NHW, HR=2.18 [95% CI 0.73-6.57, pPirena=0.23]
versus Hispanics, HR=1.58 [95% CI 0.63-3.98, pirena =0.34]),

while results were similar between ethnic groups for ER -
breast cancer-specific mortality, adjusting for BMI at age 18,
stage, and treatment.

Stratification by menopausal status was not possible due to
the small number of premenopausal invasive cases (1=201).
The multiplicative interaction between menopausal status
and BMI was not statistically significant in either ethnic group
for breast cancer—specific mortality, all-cause mortality, or
non-breast cancer mortality (data not shown).

Discussion

Our results suggest that obesity may be more strongly as-
sociated with all-cause and of borderline significance with
breast cancer-specific mortality in NHW compared to His-
panic women with breast cancer. In contrast, associations
were similar in both ethnic groups for non-breast cancer
mortality. This is likely because all-cause mortality includes
breast cancer mortality and non-breast cancer mortality. Our

1 FIG. 4. Kaplan-Meier sur-
vival curves for non-breast
cancer mortality for each le-
vel of BMI by H and NHW
ethnicity.
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TABLE 2. COMPARISON OF BREAST CANCER-SPECIFIC MORTALITY, NON—BREAST CANCER, AND ALL-CAUSE MORTALITY,
STRATIFIED BY ETHNICITY AND BODY MASs INDEX

BMI (kg/m?) at interview

<24.9 25-29.9 >30
No. of events N’ Reference HR (95% CI) HR (95% CI) Ptrend
Mortality, age-adjusted

Breast cancer-specific

Non-Hispanic white 62 297 1.00 1.02 (0.53, 1.94) 1.97 (0.99, 3.91) 0.09

Hispanic 66 279 1.00 0.68 (0.36, 1.27) 0.90 (0.47, 1.73) 0.72
All-cause mortality

Non-Hispanic white 109 298 1.00 0.97 (0.60, 1.56) 1.79 (1.04, 3.07) 0.02

Hispanic 106 279 1.00 0.83 (0.51, 1.38) 1.26 (0.76, 2.10) 0.06
Non-breast cancer

Non-Hispanic white 47 297 1.00 0.94 (0.46, 1.89) 1.49 (0.58, 3.81) 0.04

Hispanic 40 279 1.00 1.25 (0.52, 3.00) 2.35 (0.99, 5.62) 0.53

Mortality, fully adjusted

Breast cancer-specific®

Non-Hispanic white 59 279 1.00 0.98 (0.49, 1.96) 2.07 (0.98, 4.35) 0.09

Hispanic 61 254 1.00 0.81 (0.41, 1.60) 1.32 (0.64, 2.74) 0.50
All-cause mortality®

Non-Hispanic white 101 284 1.00 1.02 (0.62, 1.69) 2.12 (1.15, 3.90) 0.03

Hispanic 100 265 1.00 0.87 (0.51, 1.48) 1.23 (0.71, 2.12) 0.47
Non-breast cancer®

Non-Hispanic white 41 283 1.00 1.02 (0.46, 2.26) 2.65 (0.90, 7.81) 0.15

Hispanic 37 265 1.00 1.73 (0.63, 4.77) 2.18 (0.77, 6.10) 0.15

“Number of cases included in models, one case was excluded from breast cancer-specific and non-breast cancer mortality due to

unconfirmed death.

"HRs adjusted for BMI at age 18, total METs, duration of estrogen use, breast cancer stage, total daily energy intake, and post-breast cancer

diagnosis.

“HRs adjusted for age, history of high blood pressure, history of stroke, smoking status, total METs, and total daily energy intake.

HR, hazard ratio; CI, confidence interval.

results for NHW women are consistent with reports from
meta-analyses® 2 and other studies'*>7'2 that indicate an
increased risk for breast cancer mortality in obese compared
to nonobese women, with HRs ranging from 1.2 to 3.0.
However, few of these previous studies investigated ethnic

TaBLE 3. Risk oF BREAST CANCER—-SPECIFIC MORTALITY FOR
INvasIVE BREAST CANCER CASES BY Bopy MAss INDEX AND
ESTROGEN RECEPTOR STATUS

Breast cancer—specific mortality®

ER+ ER—-

Hispanic n=160 n=389
BMI (kg/m?)

at interview, HR

(95% CI)

<249 1.00 (—) 1.00 (—)

25-29.9 0.73 (0.28, 1.88) 0.59 (0.17, 2.02)

>30 1.58 (0.63, 3.98) 0.76 (0.18, 3.23)
ptrend 0.34 0.66

Non-Hispanic white
BMI (kg/m?) at
interview, HR
(95% CI)
<249
25-29.9
>30
ptrend

n=187

1.00 (—)

1.10 (0.49, 2.45)

2.18 (0.73, 6.57)
0.23

n=74

1.00 (—)

0.17 (0.02, 1.35)

0.74 (0.11, 5.06)
0.81

“HRs adjusted for BMI at age 18, stage, and treatment.

differences, particularly between Hispanicand NHW women,
in the associations of obesity and breast cancer survival. In a
recent report from the Multiethnic Cohort Study (n=3842),
risk for breast cancer—specific and all-cause mortality was
increased in obese women (HR=1.45; 95% CI 1.05-2.00 and
HR=1.54; 95% CI 1.23-1.91, respectively), but there was no
evidence of an interaction by ethnicity.""

In some previous studies, it has been hypothesized that the
disparity between Hispanic and NHW women in the associ-
ations of obesity with risk and prognosis may be due to dif-
ferent breast cancer phenotypes.””?® Another possible
explanation could be ethnic differences in diet. Murtaugh
et al.” reported that the Hispanic diet, including more items
such as soups, sauces, and vegetables, was inversely associ-
ated with risk of breast cancer, while the Western diet, char-
acterized by higher intakes of fats and processed foods, was
positively associated with breast cancer risk. Although we
controlled for total daily energy intake, which was calculated
based on the frequency of consumption and portion size, we
did not adjust for the type of diet or specific foods consumed.
Thus, it remains possible that the attenuation in the HRs
found among Hispanic women could be attributed to diet.
Few studies have examined the effect of specific dietary pat-
terns on breast cancer outcomes.”>**3

We previously reported that there is a nonsignificant in-
creased risk of breast cancer—specific mortality in Hispanic
compared to NHW women in this study (HR=1.21; 95% CI
0.84-1.76) that is attenuated with adjustment for age, stage of
disease, lymph node status, and ER status.>* The focus of the
current analysis is on the association of BMI with survival for
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which we find evidence for a potential modification by eth-
nicity. The question of whether ethnicity modifies the asso-
ciation of BMI with survival is independent of whether
survival differs by ethnicity. The absence of a main effect for
ethnicity does not preclude the possibility for effect modifi-
cation between ethnicity and BMI.>

Susceptibility to obesity is influenced by genetic variation
or interaction of genes with energy intake and/or expenditure
(energy balance).” The associations between breast cancer risk
and putative obesity-related genes, such as interleukin-6, ER-
alpha, and androgen receptor, were investigated in the 4-
Corners Women'’s Health, and these risks were found to differ
between Hispanic and non-Hispanic ethnic groups.**?” The
design of this study was closely similar to the NMWHS. Thus,
differences between ethnic groups for obesity-associated
genes could potentially alter ethnic-specific risks for breast
cancer mortality. These genetic factors, for the most part, re-
main unknown.

A variety of biological mechanisms may underlie the as-
sociation of obesity and breast-specific cancer mortality.
Obesity is associated with insulin resistance and hyper-
insulinemia.®® Some studies suggest that hyperinsulinemia is
positively associated with breast cancer risk as well as later
stage at diagnosis and poorer prognosis,***’ including in-
creased breast cancer recurrence and decreased survival.*’
Obesity is also associated with increased inflammation, an-
giogenesis, and changes in serum levels of free-estrogen,
leptin, and adiponectin.*'** The balance between adiponectin
(anti-inflammatory) and leptin (pro-inflammatory) could play
an important role in the development and progression of
breast cancer. Both adipokines are secreted by adipose tissue
and oppose the action of each other.* Obesity is associated
with increased serum leptin and reduced adiponectin levels.
Preclinical studies have found that high levels of circulating
leptin in obese women may function as a growth-enhancing
factor; while low levels of adiponectin allow leptin’s growth-
promoting effects.*! The Health, Eating, Activity and Lifestyle
(HEAL) study, which includes Hispanic breast cancer survi-
vors in New Mexico, recently reported that serum adiponectin
was associated with better breast cancer survival.>® However,
serum adiponectin levels were significantly higher in NHW
than Hispanic women who did not differ significantly for
mean BMI. Ethnic differences by these adipokines could not
be evaluated because serum specimens were not collected in
NMWHS.

It has also been hypothesized that obese women may be more
susceptible to undertreatment; however, findings have been
mixed.*** There are concerns that obese women could poten-
tially experience toxic effects if chemotherapy doses were based
on their actual body weight.** It also has been suggested that
diabetic women may receive less aggressive treatment because
of their diabetes-related complications'"*’; 38% of the obese
breast cancer cases were diabetic.

Strengths of the current study include a population-based
study design with a large number of Hispanic women. Our
study is one of few epidemiological studies that has investi-
gated the association between obesity and breast cancer—
specific mortality among Hispanic and NHW women from
the United States. Additionally, extensive lifestyle factor data
collected through an in-person interview allowed for adjust-
ment of multiple covariates of interest, including physical
activity, comorbidities, and estrogen use. Vital status, cause of
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death, prognostic markers, and breast cancer treatment his-
tory were available through the NDI and NMTR. Vital status
statistics through the NDI are documented to have high reli-
ability (sensitivity >87%).*

There are several limitations that should be considered. First,
the total cohort size is insufficient to provide enough statistical
power to declare the interactions of ethnicity with breast can-
cer-specific and all-cause mortality to be statistically significant
at p<0.05. Nonetheless, the magnitude of the differences be-
tween ethnic groups in the HRs supports potential effect
modification. As noted previously, similar disparities between
Hispanic and NWH women for breast cancer risk and tumor
prognostic markers have been noted in other studies conducted
in the southwestern United States.?”?%%¢ Second, BMI was
based on self-reported weight and height at time of NMWHS
interview. A systematic review comparing direct versus self-
reported height and weight found that underreporting of
weight and overreporting of height is common in women.**
However, findings from a previous study of women diagnosed
with breast cancer in New Mexico (1996-1999) based on weight
from a variety of sources (measurement at interview, self-re-
port, medical record), reported high correlations between di-
rect and indirect measures, and no differences between
Hispanic and NHW women.” Thus, bias due to differential
misclassification by ethnicity or obesity does not appear likely.
Another limitation is that changes in BMI, which may have
occurred after the interview and before death or end of follow-
up, were not accessible for deceased cases. Although previous
reports have included the underweight BMI category
(<18.5kg/m?), in this study there were only 18 cases in this
group. Meaningful differences between HRs were not found
when models were tested with and without these cases. Finally,
some of the stratified analyses were based on small numbers,
and findings may not be generalizable.

Conclusions

The present analysis provides further evidence that obesity
is associated with an increased risk for all-cause mortality and
to a lesser extent breast cancer—specific mortality in NHW
breast cancer cases. However, our results suggest that this
association may be attenuated in Hispanic women. The rea-
son for this attenuation remains to be established. The ethnic
differences in the associations of obesity with all-cause mor-
tality were similar to those for breast cancer—specific mortal-
ity. This finding is not surprising because nearly 60% of total
mortality was attributable to breast cancer in this cohort. In
contrast, the association of obesity with non-breast cancer
mortality due primarily to cardiovascular disease was closely
similar in Hispanic and NHW women. Obesity is just one of
the many established risk factors for the development and
prognosis of breast cancer; however, it is one of few that can
be modified and is thereby considered a preventable risk
factor. Public health recommendations to improve survival
through weight control following a breast cancer diagnosis
should consider disparities between ethnic groups.
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