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Abstract This population-based case–control study of
African-American women (355 breast cancer case
patients, 327 controls) examined the association
between breast cancer and circulating levels of PCBs
and dichlorodiphenyldichloroethene (DDE), a metabolite of DDT. Case patients were diagnosed with
invasive breast carcinoma and interviewed between
June 1995 and July 1998, and control subjects were
identified by random digit dialing methods. Serum
levels of DDE and total PCBs were adjusted for total
lipid content. Odds ratios (ORs) and 95% confidence
intervals (CIs) were estimated using multivariable
unconditional logistic regression methods. Effect
modification by tumor receptor status and cancer
treatment was investigated. Breast cancer risk was not
associated with increasing quintiles of lipid-adjusted
PCBs or DDE (highest versus lowest quintile adjusted
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for age, body mass index (BMI) and breastfeeding for
DDE: OR = 1.02, 95% CI = (0.61, 1.72), ptrend = 0.74; for PCBs: OR = 1.01, 95% CI = (0.63,
1.63), p-trend = 0.56). Risk did not differ by strata of
BMI, breastfeeding, parity, menopausal status or
tumor receptor status. This study, the largest study of
African-American women to date, does not support a
role of DDE and total PCBs in breast cancer risk at the
levels measured.
Keywords Organochlorines Æ Breast cancer Æ
African-Americans Æ DDT Æ DDE Æ PCBs Æ Pesticides Æ
Cancer Æ Women

Introduction
Breast cancer is the most frequently diagnosed cancer
and the second leading cause of cancer deaths among
women in the United States [1]. Reproductive histories
that maximize the total number of years women are
exposed to endogenous or exogenous sex hormones,
such as early age at menarche, late age at first full-term
pregnancy, late age at menopause, and use of hormone
replacement therapy (HT) are known to increase risk
[2–4]. While environmental exposure to synthetic
chemicals such as organochlorines has not been
established as a breast cancer risk factor in women,
evidence from experimental studies demonstrating that
organochlorines have weak estrogenic activity as well
as carcinogenic effects has prompted consideration of
their role in breast cancer [5].
Organochlorines comprise a diverse group of synthetic chemicals whose use became widespread in the
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United States beginning in the 1950s. The organochlorine residues present at the highest concentrations
in human adipose tissue, breast milk and blood are
dichlorodiphenyldichloroethene (DDE), the metabolite
of the pesticide dichlorodiphenyltrichloroethane
(DDT), and the non-pesticide class of polychlorinated
biphenyls (PCBs) [6]. Extensive evidence exists from
animal studies of the carcinogenicity of DDT, DDE
and PCBs [7]. Exposure to DDT and PCBs in mice has
each resulted in an increased incidence of cancers of
the liver and lung, as well as of lymphoma and leukemia [6, 8, 9]. Experimental studies have also shown
that DDT and some PCBs have estrogenic properties
while other PCBs are antiestrogenic [5]. Several epidemiologic studies since the 1970s have examined the
association between breast cancer in women and
organochlorines measured either in the serum or adipose tissue. A number of these studies have been null,
but others have had mixed results or findings limited to
subgroups of the populations studied [10–28]. While
DDT and PCBs were banned in the US in the 1970s,
residues of DDT and PCBs continue to be detected in
the blood of most Americans as they are persistent in
the environment, are known to accumulate in tissue
including the fatty tissue of the breast, and have long
half lives [29–31]. Compared with Caucasians, AfricanAmericans have higher levels of serum DDT compounds [32, 33]; in addition, their PCB levels have
been higher than whites in several studies [16, 22].
Therefore they are potentially at a greater risk of
associated adverse health affects.
Given the possibility of higher organochlorine
exposure among African-Americans together with the
limitations of previous studies to examine this population while adequately controlling for confounding
and examining effect modification, we conducted a
substudy within the Los Angeles component of the
Women’s Contraceptive and Reproductive Experiences (CARE) Study, a population based case–control
study of lifestyle factors and breast cancer risk, to
determine whether serum levels of DDE and PCBs are
associated with risk of breast cancer in AfricanAmerican women.

Methods
Study population
Subjects for this study were identified from among
participants in a larger study, the Women’s CARE
Study, which has been described in detail previously
[34]. Briefly, the Women’s CARE Study was a multi-
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center population-based case–control study of US born
English-speaking African-American and Caucasian
women aged 35–64 years in five US areas (Atlanta,
GA; Seattle, WA; Detroit, MI; Philadelphia, PA; and
Los Angeles, CA) designed to examine reproductive
health and lifestyle risk factors for breast cancer.
Specifically, in Los Angeles, case patients were identified by the Cancer Surveillance Program (CSP) of
Los Angeles County, a population-based cancer registry established in 1970 that joined the National
Cancer Institute’s Surveillance Epidemiology and End
Results registry program in 1992.
The Los Angeles Women’s CARE Study population
comprised 1,255 case patients who were an agestratified random sample of African-American and
Caucasian women ages 35–64 years, with histologically
confirmed invasive breast cancer, diagnosed from July
1994 through April 1998; and 1,242 control subjects
who were identified through random digit dialing
(RDD) using the Mitofsky–Waksberg method [35].
The control subjects were frequency matched to the
age (within a 5-year range) and racial distribution of
the case patients. Control subjects were eligible if they
had not had a diagnosis of either in situ or invasive
breast cancer. African-American case patients were
oversampled to maximize their numbers in the study.
The response rate for African- American case patients
in the Los Angeles Center of the Women’s CARE
Study was 71.9% [36]. The screening response rate was
82% for control households in the RDD process. This
includes phone numbers presumed to be residential
where we were unable to make contact with a person
or an answering machine. Among women selected
from screened households, the interview response rate
was 70.6%. The estimated overall response rate for
African American control subjects in the Women’s
CARE Study in Los Angeles was 57.9%.
Beginning with women interviewed for the Women’s
CARE Study in June 1995 and continuing through July
1998, all African-American participants residing in Los
Angeles County were asked to provide a blood sample
for assessment of DDE and PCBs. In total, 451 breast
cancer case patients and 427 control subjects were
approached. Among breast cancer patients, 381 provided a blood sample (participation rate = 84.5%), 56
refused to provide a blood sample, and 14 others were
not pursued or were unable to provide a sample before
the end of the study. Among control subjects, 335
provided a blood sample (participation rate = 78.5%),
82 refused to provide a blood sample, and 10 others
were not pursued or were unable to provide a sample
before the end of the study. Some breast cancer case
patients who participated in this substudy were later
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excluded from the Women’s CARE Study by the
coordinating center at the Centers for Disease Controls
and hence, were also excluded from this substudy. One
woman was not considered African-American under
the rules established for the Women’s CARE Study
since her mother was half African-American and half
Indian, and her father was white. Fourteen case patients were excluded because the breast cancer was not
histologically confirmed (n = 5), the interview reference date was more than 2 months from the date of the
breast biopsy used for diagnosis (n = 3), the patient
had a histologic type of breast cancer that was not
considered eligible for the Women’s CARE Study
(n = 5), or some other reason (n = 1). This resulted in
366 eligible breast cancer case patients for the organochlorine substudy. In addition, 11 case patients and
eight controls were excluded from analyses because
results from lipid assays could not be obtained for these
subjects. This substudy, therefore, is based on 355 case
patients and 327 control subjects. One additional case
patient and one control subject were missing data on
PCB levels and thus were not included in analyses of
this analyte.
Data collection and blood sample
Participants in the Women’s CARE Study were interviewed using a structured questionnaire, which contained sections on demographics, reproductive history
(including breastfeeding), medical history (including
hormone use and body size), family history of malignancy, and several lifestyle factors (including smoking,
alcohol consumption and physical activity). Information was recorded up to the date of diagnosis (month
and year) for case patients and up to the date of initial
household contact by RDD for control subjects.
Women agreeing to participate in the organochlorine
study had 20 ml of blood drawn and were asked a brief
set of questions at the time of their blood draw
regarding cancer treatments and surgeries (if a case
patient) as well as recent weight history. Written
informed consent was obtained from all study participants for participation in both the Women’s CARE
Study and the organochlorine substudy.
Laboratory methods
Serum organochlorines
Serum levels of DDE and PCBs were assayed at Pacific
Toxicology Laboratories (Los Angeles, California)
using a protocol previously described [37]. The serum
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(2 ml) analyzed for DDE was extracted with hexane
for 2 h, and the extract was concentrated via nitrogen
evaporation [38]. The extract was analyzed with an
electron-capture gas chromatograph equipped with a
narrow bore fused silica column (RSL-300; 30 m,
0.25 mm, 0.25 lm thickness (Alltech Associates,
Deerfield, Illinois), and Aldrin was used as the internal
standard. The detection limit was 0.2 lg/l. The between-assay coefficient of variation (CV) was 10.9% at
20 lg/l and 10.1% at 10 lg/l. Recoveries ranged from
90% to 105%.
Following protein precipitation with methanol, the
serum (2 ml) analyzed for PCBs was extracted with a
mixed solvent (i.e., hexane and ethyl ether, 1:1) [39]. The
silica gel column was cleaned, and the extract was then
analyzed by an electron-capture gas chromatograph
equipped with a megabore fused silica column (DB-1;
15 m, 0.53 mm internal diameter, 1-lm thick (J&W
Scientific, Folsom, California). The PCBs represented
by 4–16 chromatographic peaks were quantitated with
the Webb–McCall method using Aroclors 1242 and 1260
with decachlorobiphenyl as an internal standard and
reported as total PCBs [40]. This method of quantitating
total PCBs gives values that are slightly higher, e.g.,
25%, than those estimated with congener-specific
methods [41]. The detection limit was 2.0 lg/l. The between-assay CV for the PCB analysis was 12.2% at
14 lg/l and 10.7% at 80 lg/l. Recoveries averaged 80%.
All subjects had levels of DDE that were above the
limit of detection of the assay. A total of 145 case
patients and 138 controls had no detectable PCBs; 11
case patients and six control subjects had PCB levels at
the lower detectable limit of the assay (2.0 lg/l). Subjects with levels of PCBs below the limit of detection,
i.e., no detectable PCBs, were categorized as ‘‘below
detectable limit’’ (BDL) and were assigned a value of
zero in analyses of this organochlorine.
Serum lipids
Measurements of the lipid components in the serum
including cholesterol, triglycerides, free cholesterol
and phospholipids were obtained in order to examine
organochlorine levels relative to the amount of lipid in
serum. Serum lipid assays were performed at Northwest Lipids Research Laboratories (Seattle, Washington)
using enzymatic methods [42–45]. Three sets of quality
control material were used to monitor the performance
of cholesterol, triglycerides, free cholesterol and
phospholipids. For assay runs to be accepted, control
values must have fallen within 2.5 standard deviations
of the established target mean for each pool. The
between-assay CVs were £1.4% for total cholesterol;
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£2% for triglycerides; 5.2% for free cholesterol; and
2.9% for phospholipids.
Lipid-adjusted organochlorine levels were calculated by dividing serum levels of organochlorines by
the total amount of lipids in the serum, and were
expressed per gram of total serum lipid. Total serum
lipids were estimated using the using the equation
described by Phillips et al. [46].
Tumor characteristics
Immunohistochemical assays were performed in the
laboratory of Michael Press, M.D., Ph.D. (Los Angeles,
CA), to assess estrogen receptor (ER) and progesterone receptor (PR) status as well as HER-2/neu and p53
overexpression in paraffin-embedded tumor sections
for 251 case patients (70.7%) for whom specimens were
available. Immunohistochemistry for ER, PR and
p53 was carried out as described elsewhere in detail
[47–51]. Positive and negative controls (tumors with
known ER/PR and p53 status) were included in each
batch of staining. Only tumors that showed >10%
nuclear reactivity were considered positive for ER, PR,
or p53.
Immunohistochemical staining for HER-2/neu was
performed as described elsewhere [52, 53] with a USCdeveloped 10H8 monoclonal antibody [54] that does
not require antigen retrieval and has been shown to be
more sensitive and accurate than commercially available, FDA-approved anti-HER2 antibody staining kits
[52]. For interpretation of staining patterns using 10H8
antibody, 80% of breast cancer case patients with 2+
membrane staining of tumor cells and 99% of 3+
membrane staining have been shown to demonstrate
HER-2 gene amplification [55]. Therefore, breast
cancers with either 2+ or 3+ membrane staining on
malignant cells were considered as positive for overexpression of HER-2/neu. All immunohistochemistry
slides were examined and scored by laboratory personnel without knowledge of clinical characteristics of
the case patients.
To minimize missing information on ER and PR, we
were able to abstract data from their pathology reports,
which are maintained by the CSP. Overall, we had ER
status for 338 case patients and PR status for 333 case
patients. p53 and Her-2/neu status were available for
251 case patients.
Statistical analyses
Odds ratios (ORs) and 95% confidence intervals (CIs)
were estimated using multivariable unconditional
logistic regression while controlling for age categorized
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into 10-year intervals (35–44, 45–54 55–64 years).
Potential confounders considered for these analyses
included body mass index (BMI) (£24.9, 24.91–28.94,
28.95–33.65, >33.65 kg/m2), lifetime physical activity
(0 h/week, >0–3 h/week, > 3 h/week), breastfeeding
[continuous variable for total number of weeks
breastfed; and categorical variable with categories
(breastfed/parous, never breastfed/parous, nulliparous)], total number of full-term pregnancies (continuous variable for completed pregnancies >26 weeks),
family history of breast cancer in a mother, sister or
daughter (first degree family history: yes/no), education (less than high school graduate, high school
graduate, some college or technical school, college
graduate) and menopausal status (pre-/post-menopausal).
Cut points of continuous variables were based on the
distribution of the variable among controls. BMI was
obtained at the time of the subject’s blood draw,
whereas all other potential confounders refer to the
time period prior to the diagnosis date for case patients
or prior to the date of first household contact in the
RDD process for control subjects. The definition of
menopausal status for the Women’s CARE Study has
been described elsewhere [36]. Briefly, women were
considered postmenopausal if their menstrual periods
stopped naturally more than 12 months prior to the
reference date or their periods ended because they had
removal of both ovaries. Menopausal status was unknown if the participant had a hysterectomy prior to
natural menopause with at least part of an ovary intact
or began using hormones prior to her last menstrual
period or during the 12 month interval following her
last menstrual period. We considered a woman to be
perimenopausal if her periods had stopped naturally
within 12 months of her reference date and she had not
taken hormone therapy. Each potential confounder
was included in a model with the categorical classifications of the organochlorine and age variables and
compared to a model with the organochlorine and age
variables only to determine the effect of inclusion of
the variable on beta coefficients. None of the potential
confounders changed the age-adjusted beta coefficients
by more than 15%. However, given the evidence in the
literature that both BMI and breastfeeding influence
organochlorine levels [6, 7] both were retained in the
logistic regression models with BMI modeled in categories and breast feeding duration modeled as a continuous variable (in weeks).
The relationship between serum organochlorine
levels and breast cancer was examined using quintile
categories of the lipid-adjusted values of PCBs and
DDE for main analyses and tertile categories for subgroup analyses. These categories were based on the
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distribution of lipid-adjusted organochlorine serum
levels in the control subjects.
Stratified analyses were conducted to estimate separate ORs and 95% CIs for tertiles of organochlorines
within categories of BMI [low (£28.95 kg/m2) versus
high (>28.95 kg/m2)], parity (parous and breastfed,
parous and never breastfed, nulliparous), duration of
breastfeeding (long-term: ‡26 weeks, short-term:
1–25 weeks); and menopausal status (pre-menopausal
versus post-menopausal with perimenopausal women
and those with unknown menopausal status excluded).
A separate analysis stratified by breastfeeding compared long-term breastfeeding (‡26 weeks) to a second
definition of short-term breastfeeding, which also included women who had never breastfed (0–25 weeks).
Results of immunohistochemistry for ER and PR
status were available for 71% of case patients
(n = 252) from the Press laboratory, and 86%
(n = 305) and 74% (n = 263), respectively, for ER and
PR status of case patients from the CSP SEER registry
data. In the interest of maintaining consistency with a
single laboratory performing all immunohistochemistry
assays while minimizing missing values, the Press laboratory data were used as the primary source to assign
ER and PR status, and when missing, data from the
CSP were used. Among those with both CSP and Press
laboratory values, there was an 86.4% concordance for
ER status and an 80.0% concordance for PR status.
Analyses using the Press laboratory immunohistochemistry data alone did not change the results
obtained when supplementing the laboratory’s data
with those from the CSP.
Analyses comparing case patients and controls were
performed for each tumor marker (ER, PR, p53 and
HER-2/neu) and according to whether the woman had
been treated with chemotherapy.
Assessments of effect modification by tumor marker
and chemotherapy were conducted. Wald tests and
95% confidence intervals for the OR were used
to determine whether an interaction was statistically
significant.
All analyses were performed using SAS version 9.0
(SAS Institute Inc., Cary, NC, USA.).

Results
Demographic, lifestyle and reproductive characteristics
of study participants are summarized in Table 1. A
substantial proportion of study participants were obese
(44.9%), and the majority had never breastfed
(56.9%). Case patients were, on average, 1.5 years
younger than control subjects. Case patients were
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slightly more likely to have had a first-degree relative
with breast cancer (10.4% of case patients reporting a
positive family history versus 7.3% of controls). Case
patients had significantly greater mean levels of serum
DDE than control subjects prior to adjustment for
total lipids (p = 0.03, Table 2). However, after lipid
adjustment neither PCBs levels nor DDE levels differed between case patients and control subjects.
Breast cancer risk was not associated with serum
DDE (OR comparing highest versus lowest exposure
quintile = 1.02, 95% CI = 0.61, 1.72, p-trend = 0.74),
or PCBs (OR comparing > 60 lg/l to BDL = 1.01,
95% CI = 0.63, 1.63, p-trend = 0.56) (Table 3). We did
not observe any effect modification of the impact of
PCB or DDE levels by BMI, parity, breastfeeding, or
menopausal status (data not shown).
Neither PCBs nor DDE was associated with an
increase in the risk of any subtype of breast cancer
defined by PR, p53, or HER-2/neu status (Table 4).
Among women who did not receive chemotherapy,
those with PCB levels above 0.47 lg/l had an increased
odds of breast cancer relative to women with PCB
levels below the detectable limit of the assay
(OR = 1.89, 95% CI = 1.06–3.37, p-trend = 0.03,
p-interaction comparing those treated with chemotherapy to those not treated with chemotherapy =
0.08). ER status did not modify the results for PCBs;
however, we did observe a statistically significant
interaction between ER status and DDE levels, with
relative odds for ER-positive breast cancer somewhat
elevated and increasing with higher levels of DDE,
whereas those for ER-negative tumors were less than
1.0. However, neither the result for ER-positive tumors
nor the result for ER-negative tumors was statistically
significant.

Discussion
In this population-based case–control study of AfricanAmerican women we found no evidence that breast
cancer risk was associated with PCBs or DDE at the
levels measured in serum, overall, or by ER, PR, HER2/neu, or p53 status. There was some suggestion that
ER positive case patients had elevations in risk with
increasing tertiles of lipid-adjusted serum DDE, although these increases were not statistically significant.
Among case patients who had not been treated with
chemotherapy, there was a statistically significant
increasing trend in breast cancer risk with increasing
serum level of PCBs.
This is the largest case–control study of AfricanAmerican women to date and the first to examine
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Table 1 Demographic,
lifestyle and reproductive
characteristics of 682 AfricanAmerican breast cancer case
patients and controls
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Characteristic

Demographic and lifestyle factors
Age (years)
Mean ± SD
48.2 ± 8.3
Body Mass Index (kg/m2)
<25
84 (23.7)
25–29.9
106 (29.9)
‡30
165 (46.5)
Mean ± SD
30.4 ± 7.2
Annual household income (dollars)
<10,000
68 (19.2)
10,000–19,999
54 (15.2)
20,000–34,999
77 (21.7)
35,000–49,999
57 (16.1)
50,000–69,999
43 (12.1)
‡70,000
46 (13.0)
Education
Less than high school graduate
44 (12.4)
High school graduate
110 (31.0)
Some college or technical school
139 (39.2)
College graduate
62 (17.5)
Current alcohol drinking status
Always non-drinker
200 (56.3)
Former drinker
61 (17.2)
Current drinker
94 (26.5)
Current smoking status
Always non-smoker
170 (47.0)
Former smoker
97 (27.3)
Current smoker
88 (24.8)
Lifetime physical activity (hours per week)
None
120 (33.8)
Up to 3 h
177 (49.9)
More than 3 h
58 (16.3)
Reproductive factors
Family history of breast cancer in first degree relatives
No
300 (84.5)
Yes
37 (10.4)
Unknown or Adopted
18 (5.1)
Age at menarche (years)
Mean ± SD
12.4 ± 1.8
Ever pregnant (pregnancies >26 weeks)
Yes
311 (87.6)
No
44 (12.4)
Total number of full term (>26 weeks) pregnancies among parous women
Mean ± SD
2.5 ± 2.0
Ever breastfed
No (no live birth)
44 (12.4)
No
167 (47.0)
Yes (>2 weeks)
144 (40.6)
Menopausal status
Premenopausal
162 (45.6)
Postmenopausal
146 (41.1)
Perimenopausal or Indeterminant
47 (13.2)

interactions by p53, ER, PR, HER-2/neu and chemotherapy status in this population. However, a potential
limitation of our study is the low case patient and
control subject response rates achieved in the overall
Women’s CARE Study in Los Angeles County. We
have recently commented on the issues related to
control recruitment in population-based case–control

123

Cases (%)
(n = 355)

Controls (%)
(n = 327)

49.7 ± 8.1
83 (25.4)
103 (31.5)
141 (43.1)
30.1 ± 6.9
62
47
71
48
54
41

(19.0)
(14.4)
(21.7)
(14.7)
(16.5)
(12.5)

34
95
132
66

(10.4)
(29.1)
(40.4)
(20.2)

187 (57.2)
54 (16.5)
86 (26.3)
145 (44.3)
94 (28.8)
88 (26.9)
83 (25.4)
172 (52.6)
72 (22.0)

288 (88.1)
24 (7.3)
15 (4.6)
12.4 ± 1.8
279 (85.3)
48 (14.7)
2.6 ± 2.1
48 (14.7)
129 (39.4)
150 (45.9)
152 (46.5)
121 (37.0)
54 (16.5)

studies [56]. Nevertheless, among eligible participants
in the Los Angeles portion of the Women’s CARE
Study, 84.5% of case patients and 78.5% of controls
who were approached participated in this substudy. All
information pertaining to the study was obtained
through in-person interviews using a standardized
questionnaire. Furthermore, BMI was queried at the
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Table 2 Serum organochlorine levels in African-American
breast cancer case patients and controls
Organochlorine

Cases
(n = 355)

Serum levels (mean ± SD)
2.28 ±
PCB (lg/l)a
DDE (lg/l)
9.90 ±
Lipid-adjusted levels (mean
PCB (lg/g)a
0.31 ±
DDE (lg/g)
1.40 ±

2.48
12.84
± SD)b
0.31
1.54

Controls
(n = 327)

T-test
p-value

2.09 ± 2.16
8.13 ± 7.78

0.27
0.029

0.31 ± 0.34
1.25 ± 1.26

0.84
0.14

a

One case and one control did not have data on PCB levels

b

Lipid adjustment done as described by Phillips et al. [46]

time of blood draw and was used to adjust the analyses of
serum measurements. A single laboratory conducted
immunohistochemical analyses for ER, PR and p53
status and HER-2/neu, maximizing consistency between
methods, protocol and personnel. Missing values for ER
and PR status were minimized by supplementing the
primary lab’s results with those obtained from the case
patients’ pathology reports. Results were highly concordant among study subjects tested in our laboratory
with information also available in the CSP SEER registry pathology reports. Results restricted to the laboratory results were consistent with those presented that
combined the laboratory results with those extracted

Table 3 Odd ratios of breast cancer and 95% confidence
intervalsa associated with quintiles of lipid-adjusted serum
levels of DDE and PCBs among African-American case
patients and controls
Cases/Controls

OR (95% CI)a

PCBs (lg/g)c
BDLd
>0–0.38
>0.38–0.47
>0.47–0.60
>0.60

144/136
61/49
46/47
42/47
61/47

1.0
1.06 (0.67, 1.67)
0.82 (0.50, 1.33)
0.76 (0.47, 1.24)
1.01 (0.63, 1.63)
p (trend) = 0.56

DDE (lg/g)
£0.44
>0.44–0.73
>0.73–1.15
>1.15–1.91
>1.91

61/67
62/63
76/67
81/65
75/65

1.0
0.98 (0.59, 1.62)
1.07 (0.65, 1.75)
1.14 (0.69, 1.88)
1.02 (0.61, 1.72)
p (trend) = 0.74

Quintile of
lipid-adjustedb
organochlorine

a

Adjustment made for age (35–44 years, 45–54 years and 55–
64 years); BMI (‡ = 24.90 kg/m2, 24.91–28.94 kg/m2, 28.95–
33.65 kg/m2, >33.65 kg/m2); breastfeeding (continuous variable)

b

Lipid adjustment done as described by Phillips et al. [46]

c

1 case and 1 control did not have data on PCB levels

d

Below detectable limit of assay

from pathology reports. We were still missing data on
HER-2/neu and p53 status on approximately 30% of
case patients, which limited the statistical power in
analyses of these biologic markers.
Several epidemiologic studies since the 1970s have
examined the association between breast cancer and
organochlorines measured either in serum or adipose
tissue. The majority of the earliest case–control studies
were null but these also tended to have small sample
sizes, did not study a well-defined population or failed
to control for breast cancer risk factors that could have
confounded the comparison between case patients and
controls [10–13]. Recent larger case–control studies
that more carefully controlled for confounding factors
have provided mixed results with some positive findings among subgroups of the populations defined by
tumor receptor status but with limited statistical power
to evaluate subgroups [14–28]. Among the positive
studies, one [28] reported a significant difference in
DDE between breast cancer case patients and controls,
as well as an almost 4-fold increase in risk comparing
the highest quintile of DDE to the lowest; however, the
values for serum organochlorine levels were not lipid
adjusted. PCB and DDE residue levels in serum are
influenced by the amount of lipid in the serum [46] and
adjustment is necessary to standardize blood residue
measurements.
Among studies with positive findings among subgroups of the population studied, one reported a nonsignificant increased risk of breast cancer among p53
positive case patients in the highest exposure level of
PCBs [26]. Another found a significant difference in
adipose DDE levels restricted to ER positive case
patients and controls [14]. Explanations proposed include
that the expression of various tumor receptor proteins,
namely ER, PR, HER2 and p53 may result in effect
modification of the exposure–disease relationship in
breast cancer [57–59]. Only two previous studies have
looked specifically at African-American women, and
neither found significant differences in serum levels of
DDE or PCBs between case patients and controls [16, 22].
This study’s finding of an interaction between the
association between DDE levels and breast cancer
risk with ER status is in line with that of Dewailly
et al. who found significant differences in mean adipose DDE between ER positive case patients and
controls [14]. These results suggest the possibility that
DDE may influence breast cancer risk through
estrogen, mediated by its receptor [60, 61].
Treatment of breast cancer with chemotherapy
has been associated with an increase in lipidadjusted serum DDE and PCBs from pretreatment to
posttreatment measures [62]. Our finding that risk
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Table 4 Odds ratios and 95%
confidence limitsa for breast
cancer by tertiles of lipidadjusted organochlorines
stratified by case patient
characteristic
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OR (95% CI)

PCBc
BDLd
0.1–0.47
>0.47
DDEc
£0.44
0.45–1.15
>1.15

#Cases/#
Controls

Tumor or tumor receptor protein status
ER positive
ER negative
183/326
1.0 (ref)
1.0 (ref)
0.96 (0.62, 1.51)
0.88 (0.54, 1.41)
0.92 (0.58, 1.47)
0.88 (0.54, 1.44)
184/327
1.0 (ref)
1.0 (ref)
1.21 (0.70, 2.10)
0.92 (0.54, 1.57)
1.43 (0.54, 2.50)
0.80 (0.45, 1.40)
PR positive

PCBc
BDLd
0.1–0.47
>0.47
DDEc
£0.44
0.45–1.15
>1.15

a

Adjustment made for age
(35–44 years, 45–54 years and
55–64 years); BMI
(£24.90 kg/m2, 24.91–
28.94 kg/m2, 28.95–33.65 kg/
m2, >33.65 kg/m2);
breastfeeding (continuous
variable)
b

From case–case analysis

c

Lipid adjustment done as
described by Phillips et al.
[46].

d
BDL, below detectable
level for the assay

PCBc
BDLd
0.1–0.47
>0.47
DDEc
£0.44
0.45–1.15
>1.15

PCBc
BDLd
0.1–0.47
>0.47
DDEc
£0.44
0.45–1.15
>1.15

1.0 (ref)
0.91 (0.57, 1.45)
0.79 (0.48, 1.28)
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p-value
(interaction)b

154/326

0.86

154/327

0.04

170/326

0.60

170/327

0.21

152/326

0.32

153/327

0.63

56/326

0.96

56/327

0.15

94/326

0.08

95/327

0.40

1.0 (ref)
0.88 (0.55, 1.40)
0.98 (0.61, 1.57)
163/327

1.0 (ref)
1.01 (0.58, 1.75)
1.20 (0.68, 2.12)

1.0 (ref)
1.05 (0.62, 1.79)
0.96 (0.55, 1.66)
p53 negative
98/326

1.0 (ref)
0.72 (0.41, 1.27)
0.72 (0.40, 1.27)

1.0 (ref)
0.92 (0.57, 1.48)
0.97 (0.59, 1.59)
98/327

1.0 (ref)
0.93 (0.49, 1.78)
0.95 (0.49, 1.85)

1.0 (ref)
1.16 (0.66, 2.03)
1.18 (0.66, 2.12)

Her-2/neu low

Her-2/neu
high/moderate
194/326

1.0 (ref)
0.87 (0.57, 1.37)
0.85 (0.53, 1.34)

1.0 (ref)
0.65 (0.31, 1.36)
0.88 (0.44, 1.78)

195/327
1.0 (ref)
1.04 (0.63, 1.72)
0.96 (0.57, 1.63)
Chemotherapy history
History of
chemotherapy
157/326
1.0 (ref)
1.24 (0.78, 1.98)
1.06 (0.64, 1.74)
157/327
1.0 (ref)
1.32 (0.76, 2.29)
1.02 (0.57, 1.84)

increased with PCB levels among women who had not
been treated with chemotherapy is thus unexplained.
This study may have missed an effect of organochlorines on breast cancer risk. It is possible that the
serum organochlorine levels measured in the study
population are too low to influence breast cancer risk.
Our levels of PCBs and DDE, as well as those of

#Cases/#
Controls

PR negative
162/326

p53 positive
PCBc
BDLd
0.1–0.47
>0.47
DDEc
£0.44
0.45–1.15
>1.15

OR (95% CI)

1.0 (ref)
1.23 (0.48, 3.15)
1.73 (0.68, 4.41)
No history of
chemotherapy
1.0 (ref)
1.06 (0.57, 1.98)
1.89 (1.06, 3.37)
1.0 (ref)
0.99 (0.48, 2.08)
1.24 (0.60, 2.58)

African American women in North Carolina collected
during the 1990s [16], are substantially lower than
those reported by Krieger et al. [22], which were
measured in the 1960s. However, compared to those
measured in Caucasian women from samples taken in
the 1990s, our levels and those measured among North
Carolina black women are approximately 1.0 and
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0.15 lg/g higher for lipid-adjusted DDE and PCBs,
respectively [16]. This change in levels of African
American women over time likely reflects the fact that
PCB and DDE use was discontinued in the 1970s and
environmental levels have continued to decay over
time.
Early exposures such as those during the woman’s
gestation, childhood and adolescence may have longlasting impact on her breast cancer risk [63]. It is
possible the relevant organochlorine exposure measure
for breast cancer risk might be the woman’s body
burden at critical periods of breast susceptibility and
that current levels do not represent these exposures.
Both lactation and BMI impact levels of organochlorine compounds [6, 7]. We found no evidence that
either factor influenced any relationship of PCBs or
DDE and breast cancer risk.
Ideally one would have preferred measuring organochlorine levels in fatty tissue since fatty tissue accumulates higher levels than blood. Levels of DDE in
serum and adipose tissue have been shown to be highly
correlated in many studies [64]. For PCBs this correlation has been less well studied, though it appears to be
lower than for DDE [64]. However, correlations among
levels of PCBs in serum and breast milk, which have
been better-studied, tend to be relatively high, although
again correlations for DDE are greater [65]. Overall,
serum levels appear to be reasonably good biomarkers
of long-term exposure, although they may function
better for DDE than PCBs.
This study did not look at specific congeners of
PCBs. It is therefore possible that this analysis could
have missed the effect of a specific congener on risk of
breast cancer. However, levels of specific congeners
are highly correlated and it is difficult to differentiate
their individual effects [66].
Lactation is associated with a modest reduction in
breast cancer risk [67], and breastfeeding reduces a
woman’s body burden of organochlorines [14]. There is
evidence that BMI may also be a risk factor for breast
cancer among post-menopausal women and high BMI
may increase body burden and thus exposure to organochlorines. As noted above, African-Americans have
higher levels of serum DDT compounds, and in some
studies, of PCBs, compared with Caucasians [16, 32, 33,
68]. Whether this is explained by greater exposure to
organochlorines through employment or residence, or
whether it is related to higher average BMI and lower
rates of breastfeeding in African-Americans relative to
Caucasians [69] is not known.
In conclusion, this study did not find an increased
risk of breast cancer in African-American women from
PCBs or DDE at the levels measured in serum, nor was
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there evidence for effect modification by tumor ER or
PR status, or HER-2/neu or p53 expression.
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