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Abstract We conducted a case–control study to evaluate

the risk of breast cancer associated with adipose concen-

trations of polybrominated diphenyl ethers (PBDEs) among

women undergoing surgical breast biopsies in the San

Francisco Bay Area of California (n = 78 cases; 56 con-

trols). Adipose tissue was analyzed for the five major

congeners of PBDEs. Unconditional logistic regression was

used to estimate age- and race-adjusted exposure-specific

odds ratios (ORs) and 95% confidence intervals (95% CI).

Adipose levels of PBDEs were among the highest ever

reported. Adjusted ORs for the highest compared with

lowest levels of exposures were as follows: 0.56 (95% CI

0.19–1.68) for BDE-47; 1.19 (95% CI 0.35–4.10) for BDE-

99; 0.91 (95% CI 0.33–2.53) for BDE-100; 0.52 (95% CI

0.19–1.39) for BDE-153; 1.67 (95% CI 0.44–6.29) for

BDE-154; 2.04 (95% CI 0.45–9.20) for total BDEs. These

results provide no evidence of an association between

PBDE adipose concentrations measured at or near the time

of diagnosis and breast cancer risk. Our study was limited

by a small sample size. Given the high levels of PBDEs

found in this population of California women, future

studies are warranted. Such studies would benefit from a

larger sample size, a more representative control series,

and/or a prospective design.

Keywords Polybrominated diphenyl ethers � PBDEs �
Flame retardants � Breast cancer � Epidemiology �
Case–control

Introduction

Variability in breast cancer rates by region and changing

breast cancer rates with migration from one area to another

led to speculation that environmental factors may play a

role in this disease’s etiology. Polybrominated diphenyl

ethers (PBDEs) are a class of more than 200 brominated

compounds widely used as flame retardants in plastics,

foams, textiles, electronic devices, and building materials

[1, 2]. PBDEs are pervasive environmental contaminants

and human exposures are widespread and well-documented

[1, 3, 4]. The USA, and in particular, California, is home to

some of the highest breast cancer rates in the world [5].

These regions have also reported high-PBDE body burden

levels with Americans generally having levels tenfold

those reported among European and Asian populations, and

Californians having some of the highest body burden levels
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in the world [4, 6–9]. Health effects associated with PBDE

exposures in humans are not well-characterized, but labo-

ratory studies have demonstrated that PBDEs have endo-

crine-disrupting properties [2, 10–12], suggesting their

potential role in hormonally related cancers such as breast

cancer.

The results presented here are from a small hospital-

based case–control study using measured levels of five

major PBDE congeners in the breast adipose tissue of

women who underwent surgical breast biopsies during

1995–1998 in the San Francisco Bay Area of California,

USA.

Materials and methods

Study population

The current analysis is an extension of a previous case–

control study designed to examine body burden levels of

halogenated compounds and breast cancer risk [13, 14].

This study was initially conducted at two hospitals in the

San Francisco Bay area of California. Cases were women

with histologically confirmed invasive breast cancer, and

controls were women with benign histological changes.

Patients with a diagnosis of atypical hyperplasia or breast

carcinoma in situ were excluded as were patients with prior

cancer diagnoses or prior-reported treatments with radia-

tion or Tamoxifen. Participants filled out a self-adminis-

tered dietary questionnaire, completed an in-person

interview, and allowed their surgeons to extract a small

amount of breast adipose tissue during their diagnostic

biopsy or surgical treatment. This project was reviewed and

approved by the California Health and Human Services

Agency Committee for the Protection of Human Subjects

and by the Institutional Review Boards of the two partic-

ipating hospitals and of the US Army Medical Research

and Materiel Command.

The study population for this analysis is composed of

134 women (78 cases and 56 controls) who completed the

study protocol and for whom concentrations of at least one

PBDE congener was measured. Details of recruitment and

characteristics of the study population are reported else-

where [13].

Specimen collection and laboratory methods

For women undergoing surgical breast biopsy or local

excision (lumpectomy), study surgeons obtained about 1 g

of breast adipose tissue from beyond the edges of the biopsy

or excision cavity. For women undergoing mastectomy, the

surgeons obtained similar amounts of breast adipose tissue

from a site distant from the tumor to avoid interference with

pathologic analyses. The samples of adipose tissue were

immediately placed in chemically clean glass jars with

Teflon-lined screw caps and labeled with a number, with no

identifiers. Samples were frozen to less than -20�C until

analysis. Samples were extracted in dichloromethane/hex-

ane in batches of six with a reagent blank and standard

reference materials (SRM 1945). Gel permeation and Flor-

isil column chromatography were used to remove lipids.

Five BDEs (BDE-47, BDE-99, BDE-100, BDE-153, and

BDE-154) were measured on a Varian 3800 Gas Chro-

matograph (GC) with a Varian 1200L Mass Spectrometer

(MS). The column was a Varian VF-5 ms 30 m 9 0.25 mm

id 9 0.25 lm film. Helium at 1.0 ml/min was used as the

carrier gas. The MS was operated in extended dynamic range

mode using electron impact ionization and MS/MS detec-

tion. A full description of laboratory methods and quality

control efforts appears elsewhere [15].

Statistical analyses

Questionnaire information was extracted, coded and

entered in a computerized database, and merged with the

chemical analysis results. Pearson’s chi-square statistics

were used to compare the sociodemographic characteristics

and risk factor distributions by case status. Where appro-

priate, we calculated P-values for trend from the Mantel–

Haenszel chi-square. To examine the distribution of

PBDEs by case status, we constructed box blots and cal-

culated P-values from the Wilcoxon rank sum test.

Unconditional logistic regression models were used to

estimate exposure-specific odds ratios (OR) and 95%

confidence intervals for each of the five PBDE congeners,

adjusting for four categories of age (\40, 40–49, 50–59,

and C60 years) and two categories of race/ethnicity (non-

Hispanic white and ‘‘other’’). Subsequent models also

adjusted for lactation history and menopausal status (the

only two breast cancer risk factors that differed by case

status). In the logistic regression analyses, we alternately

modeled the concentration for each PBDE congener as a

continuous variable (on a log scale) and as an ordinal

variable with three levels representing the tertiles of

exposure among the controls. All analyses were performed

in SAS [16] and R [17].

Results

Characteristics and risk factor distributions for the 78 cases

and 56 controls included in this analysis are presented in

Table 1. The study population was predominantly com-

posed of highly educated (88% with a college degree

or higher) high-income (39% with annual incomes of

C$100,000) non-Hispanic white (72%) women. Despite
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Table 1 Distribution of

selected sociodemographic

characteristics and risk factors

among breast cancer cases and

benign breast controls with

P-values for the Pearson’s

chi-square (except where noted)

Characteristic Cases (n = 78)a

N (%)

Controls (n = 56)a

N (%)

P-value (v2)

Age group (years)

\40 4 (5.1) 9 (16.1)

40–49 28 (35.9) 30 (53.6)

50–59 30 (38.5) 12 (21.4)

C60 16 (20.5) 5 (8.9) 0.001b

Race/ethnicity

Non-Hispanic white 55 (70.5) 44 (78.6)

Hispanic 5 (6.4) 4 (7.1)

Black 5 (6.4) 5 (8.9)

Asian/Pacific Islander 8 (10.3) 1 (1.8)

Other 5 (6.4) 2 (3.6) 0.33

Birthplace

California 24 (30.8) 24 (42.9)

Other US state 38 (48.7) 24 (42.9)

Outside United States 16 (20.5) 8 (14.2) 0.32

Body mass index (BMI) (kg/m2)

\25 51 (67.1) 39 (70.9)

25–29 20 (26.3) 14 (25.5)

C30 5 (6.6) 2 (3.6) 0.51b

Marital status

Married/living as married 54 (69.2) 36 (64.3)

Widowed/separated/divorced 21 (26.9) 12 (21.4)

Never married 3 (3.9) 8 (14.3) 0.09

Lives alone

Yes 15 (19.2) 6 (10.7)

No 63 (80.8) 50 (89.3) 0.18

Family income (dollars)

\50,000 21 (30.0) 12 (21.8)

50,000–99,999 19 (27.1) 24 (43.6)

C100,000 30 (42.9) 19 (34.6) 0.99b

Education

High school graduate or lower 12 (15.4) 4 (7.1)

College graduate 31 (39.7) 28 (50.0)

Masters degree 26 (33.3) 20 (35.7)

MD/PhD 9 (11.5) 4 (7.1) 0.90b

Age at menarche (years)

B12 40 (51.3) 31 (55.4)

[12 38 (48.7) 25 (44.6) 0.64

Parity

Parous 57 (73.1) 38 (69.1)

Nulliparous 21 (26.9) 17 (30.9) 0.62

Age at first live birth (years)c

\30 45 (80.4) 27 (71.1)

C30 11 (19.6) 11 (29.0) 0.30

Lifetime duration of lactation (months)c

0 14 (24.6) 6 (15.8)

1–5 17 (29.8) 7 (18.4)

6–11 13 (22.8) 9 (23.7)

C12 13 (22.8) 16 (42.1) 0.04b
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efforts to frequency match on age, controls were more

likely than cases to be premenopausal, reflecting their

younger ages (approximately 70% of controls were

younger than the age of 50 compared with 41% of cases).

Generally, the reproductive risk factor profiles of cases and

controls were remarkably similar. Other than shorter lac-

tation histories among cases compared with controls, no

differences were noted in the distribution of established

breast cancer risk factors by case status.

Median PBDE adipose concentrations were modestly

higher than those reported in 2003–2004 NHANES data

[18] and varied substantially by congener with the high-

est levels observed for the lower-brominated congeners

(in ng/g lipid): BDE-47 = 22, BDE-99 = 12, BDE-

100 = 5, BDE-153 = 7, and BDE-154 = 1. Distributions

of PBDE concentrations by case status are shown in Fig. 1.

Although the median concentrations for all congeners were

slightly higher in controls than in cases, no statistically

significant differences in distributions between cases and

controls were found (P-values for Wilcoxon rank sum tests

ranged from 0.16 to 0.80).

Results for logistic regression analyses, adjusting for age

and race/ethnicity, are presented in Table 2. Adjusted ORs

did not significantly differ from 1.0, and there was no evi-

dence for a trend of increasing risk associated with

increasing concentrations for any of the PBDE congeners.

Further adjustment for lactation history and menopausal

status did not substantially change these results (data not

shown). Models with PBDE levels expressed in a continu-

ous fashion yielded similarly null results (data not shown).

Discussion

Our results provide no evidence of an association between

PBDE adipose concentrations and breast cancer risk.

Although the point estimates were suggestively elevated for

BDE-154, they are based on a small number of cases and we

cannot envision any biologic rationale for why this partic-

ular congener alone is related to breast cancer. A number of

limitations of this study, however, are worth noting. First,

the levels of PBDEs were measured at (or near) the time of

diagnosis and therefore may not be representative of life-

time exposures or exposures during potentially critical

windows of susceptibility during earlier life. Second, the

lack of an association established between breast cancer risk

factors and breast cancer risk in our study calls into question

whether our controls may be overmatched to our cases.

Although we excluded from our control group women

diagnosed with atypical hyperplasia who carry an elevated

risk of developing breast cancer, our control group did

include women with other proliferative benign breast

lesions for whom recent evidence now suggests are at

increased risk for breast cancer, albeit to a lesser degree

[19]. Thus, inclusion in our control group of some women

with benign breast conditions that are on the causal pathway

between exposure and the development of breast cancer

may have limited our ability to detect a risk if one truly

exists. Third, PBDE levels are known to inversely correlate

with age [18]. Although we attempted to frequency match

by age, difficulties encountered in recruitment resulted in a

skewed age distribution such that controls were signifi-

cantly younger than cases. Thus, it is possible that our

results may be partially biased by residual confounding by

age, although alternative models with age adjusted on a

continuous scale yield similar results. Last, the study sam-

ple was small, limiting our power to detect risks.

Nevertheless, our study has a number of strengths. It

was conducted among a population of women with high

levels of exposures [20]. Despite being collected during an

earlier time period, before the use of PBDEs began to be

phased-out, median levels in our study population were

Table 1 continued

a Numbers do not add up to

totals because of missing data

for some women
b P-values are for the Mantel–

Haenszel chi-square
c Among parous women

Characteristic Cases (n = 78)a

N (%)

Controls (n = 56)a

N (%)

P-value (v2)

Menopausal status

Postmenopausal 43 (55.8) 20 (37.7)

Premenopausal 34 (44.2) 33 (62.3) 0.04

Oral contraceptive use

Ever for C6 months 56 (72.7) 42 (76.4)

Never for C6 months 21 (27.3) 13 (23.6) 0.64

Hormone replacement therapy

Yes 37 (48.7) 21 (37.5)

No 39 (51.3) 35 (62.5) 0.20

Recruitment site

Stanford, Palo Alto, CA 62 (79.5) 40 (71.4)

Kaiser, Oakland, CA 16 (20.5) 16 (28.6) 0.28
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higher than those reported in 2003–2004 national data.

Also, our specimens were collected among women who

had no prior history of treatment with radiation or tamox-

ifen and were predominantly collected as part of a diag-

nostic procedure, minimizing the degree to which breast

cancer treatment might alter body burden measures of these

compounds. Finally, our study relied on adipose levels of

PBDEs, which is the preferred tissue to measure steady

state concentrations of lipophilic contaminants as they are

less influenced by surges in blood lipids than sera mea-

surements [14].

This study is the first human health study to report on

the risks of breast cancer associated with body burden

levels of PBDEs. Overall, data on the carcinogenic

effects of PBDEs in humans are extremely sparse.

There have been reports of elevated cancer rates among

populations living in the Zhejiang Province of China, an

area of intense e-waste recycling, with documented high

levels of PBDE environmental contamination [21, 22].

To date, only two small case–control studies have been

published on PBDEs and cancer risk. A small popula-

tion-based study conducted in Sweden found a modest,

but statistically nonsignificant, increase in risk for non-

Hodgkins lymphoma associated with adipose levels of

Tetra-BDEs (found in the Penta commercial formula-

tion), based on 19 cases [23]. Another small Swedish

case–control study (31 cases) conducted by the same

investigators reported significantly increased risks of

testicular cancer among men associated with maternal

serum levels of total PBDEs (OR = 2.9, 95% CI: 3.2
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(1.1–8.9), although not associated with personal serum

levels [24].

Despite the dearth of human health data, there is a strong

biologic rationale for suspecting a link between PBDE

exposures and breast cancer. The chemical structure and

toxicological properties of PBDEs are very similar to the

polychlorinated biphenyls and other dioxin-like com-

pounds that are known carcinogens [25]. Limited data

suggest the lower-brominated congeners have the ability to

induce genetic recombination in mammalian cells and form

macromolecular adducts in rodents [25]. Additionally,

through their well-established endocrine-disrupting effects,

PBDEs may exert a causal effect through a hormonal

pathway for hormonally mediated cancers such as that of

the breast [2, 10–12]. Given the growing chorus of public

concern regarding the alarmingly high body burden levels

of PBDEs among Americans [26], coupled with the efforts

of policy makers to enact regulatory action to control these

exposures in the face of virtually no human health data,

more study is clearly warranted. Future studies would

benefit from a larger sample size, a more representative

control series, and/or a prospective study design.
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