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Abstract

Background: Pesticides are widely used in households to control insects and weeds. Several studies, over the past
decades, have examined the possible relationship of serum concentration of organochlorine pesticides and the
development of breast cancer. However, little data exists regarding an association between self-reported, residential
exposure to pesticides and breast cancer risk. We, therefore, present a case-control study examining self-reported
exposure to household pesticides with regard to associated risk of breast cancer.

Methods: This study was conducted in the area in and around New York City, NY and included 1205 patients (447
cases and 758 controls). Cases were defined as women with newly diagnosed breast cancer or carcinoma in-situ,
while controls included women with benign breast diseases or those undergoing non-breast related surgery. All
patients were asked a series of questions to determine their pesticide exposure, including the type of pesticide,
location of exposure (inside vs. outside the home), who applied the pesticide (self vs. a professional) and duration
of pesticide use. Logistic regression models were used to estimate unadjusted and adjusted odds ratios (OR) and
corresponding 95% confidence intervals (CI).

Results: The most common pests encountered in participants’ homes were ants, carpenter ants, and cockroaches.
The calculated adjusted odds ratios for both self and professionally applied pesticides, specifically against the
above mentioned insects, with regard to breast cancer risk were 1.25 (95% CI: 0.79-1.98) and 1.06 (95% CI: 0.65-
1.73), respectively. Similarly, odds ratios and confidence intervals were calculated for other types of pesticides.

Conclusions: Overall, the results of our study did not show an association between self-reported exposure to
pesticides and breast cancer risk. Future studies, utilizing a larger sample size and more specific detail on time
frame of pesticide exposure, are needed to further explore this question.

Background
Self-reported exposure to pesticides and risk of cancer
has been an area of much debate in epidemiological
research. Recently a paper by Teitelbaum et al. [1] has
again brought attention to this issue by showing a posi-
tive correlation between self-reported residential expo-
sure to pesticides and risk of breast cancer. The possible
role of organochlorine pesticides in the development of
breast cancer has been widely studied over the past dec-
ades but no consistent evidence has been found to

support this hypothesis [2]. In the northeastern United
States, exposure to organochlorine compounds has been
studied extensively as a possible cause for the higher
rates of breast cancer observed in this geographic loca-
tion [3-10]. These studies primarily focused on body
burden of organochlorine pesticides, as measured in
blood and adipose tissue. While earlier studies reported
an association [11,12], numerous subsequent studies
have revealed no convincing relationship [10,13]. Two
studies in particular that were carried out on Long
Island, New York, a region with somewhat elevated
breast cancer rates, reported largely null associations
between serum concentration of organochlorine
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pesticides and breast cancer. In a hospital-based study
(American Health Foundation) conducted in the two
largest hospitals on Long Island from 1994-1996, no
relationship was observed between serum and adipose
concentrations of organochlorine pesticides and devel-
opment of breast cancer [4]. The Long Island Breast
Cancer Study Project (LIBCSP), a subsequent large
population-based case-control study of women living on
Long Island conducted in 1996-1997, also did not reveal
an increased risk of breast cancer in relation to serum
organochlorine concentration [10].
Teitelbaum et al. [1] revisited the population based

LIBCSP case-control study by conducting the first analy-
sis of self-reported residential pesticide use and breast
cancer risk. Although, the positive findings in this analy-
sis seem to conflict with the generally null results from
the biomarker studies of organochlorine pesticides and
breast cancer risk, it may be valid for the following rea-
sons. There are many types of commercial pesticides,
which are available or have been available in the past,
not all of which can be measured biochemically. Thus,
the biomarker studies which were largely focused on
organochlorine pesticides may not adequately assess
exposure to other pesticides. In addition, there is a con-
cern about the possibility of contaminants in these pes-
ticides, which may have carcinogenic properties (e.g.
polychlorinated dibenzo-p-dioxins (PCDD) in certain
herbicides) [14]. Another possible explanation may be
that there are inherent limitations of biomarkers in a
case-control setting. The Institute of Medicine has cau-
tioned that use of biomarker measures of body burden
of organochlorine compounds such as dioxins and
dibenzofurans long after initial exposure is likely to
result in misclassification of exposure because of
declines in tissue concentration over time, leading to a
false-negative effect [15]. Furthermore, the majority of
studies have examined the body burden of pesticides at
the time of diagnosis (i.e. concomitant exposures rather
than exposures closer to the time of disease initiation).
Questionnaires may therefore have an advantage in
exploring past exposures. Of course, the validity of self-
reported exposures in epidemiology is always a concern,
and there may have been a reporting bias among the
LIBSCP patients diagnosed with breast cancer given the
high profile and media coverage over the LIBSCP.
Hence, we sought to analyze our own data on self-
reported residential pesticide exposure using data from
the American Health Foundation study to confirm the
LIBSCP findings.

Methods
Study Participants
A case-control study was conducted at Long Island
Jewish Medical Center and at North Shore University

Hospital from October 1994 through October 1996. The
results of this study have been described in detail pre-
viously [4]. These hospitals serve a patient population
located mostly in New York City (primarily in the bor-
ough and county of Queens) as well as Nassau and Suf-
folk Counties. There were no restrictions on the
residence status of the participants. All patients sched-
uled for breast biopsy or surgery were identified through
frequent contacts with breast physicians at both partici-
pating hospitals and by consulting a list of patients
scheduled for pre-surgical testing for operative proce-
dures involving the breast. Cases were women with
newly diagnosed breast cancer or carcinoma in-situ,
while the controls included patients with benign breast
disease or women undergoing non-breast related sur-
gery. The study protocol was approved by the Institu-
tional Review Boards of both hospitals and by the
American Health Foundation. Patients were met at the
pre-surgical units of both hospitals by trained inter-
viewers who administered structured face-to-face inter-
views. More than 95% of the eligible patients agreed to
participate. Questionnaires were completed for 447
cases (387 invasive breast cancer and 60 carcinoma in-
situ) and 758 controls (490 benign breast disease and
268 surgical patients). The benign breast disease cate-
gory included patients with benign breast neoplasm (n =
139), fibrocystic disease (n = 205), fibrosclerosis of the
breast (n = 88), fibroadenosis of the breast (n = 10),
solitary cyst of the breast (n = 7), and other non-
neoplastic diseases of the breast. The 268 surgical con-
trol women were admitted for procedures involving the
gallbladder (n = 106), removal of lipomas (n = 16),
abdominal hernias (n = 22), osteoarthritis (n = 21) and
other disorders unrelated to breast disease. Interviews
were conducted before the surgical procedures were
performed. Once the neoplastic diagnosis was con-
firmed, based on pathology reports, study subjects were
classified as either case or control patients. This classifi-
cation strategy was utilized in order to decrease the pos-
sibility of bias since the interviewer, patient, investigator,
and physician were unaware of the disease diagnosis at
the time of interview.

Data Collection
Trained interviewers used a structured questionnaire to
collect data which included known risk factors for breast
cancer such as age at diagnosis, family history of cancer
in first-degree relatives, body mass index, menstrual his-
tory and oral contraceptive use. Though family history
of all types of cancer was taken, only family history of
breast cancer was included in the final statistical
analysis.
All patients who reported pesticide use were then

asked a series of questions on pesticide exposure, which
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included the types of pesticides to which the patient was
exposed, whether it was applied by a professional insect
exterminator or the patient herself, delivery method,
and location of dispersal. Types of pesticides, including
both insecticides and herbicides, were classified into
seven categories. These included agents used for:
1. Ants, carpenter ants, cockroaches
2. Bees or wasps
3. Flies or mosquitoes in the home or yard
4. Fleas or ticks in the home
5. Weeds
6. Lawn insects
7. Insects or diseases of outdoor plants
If the patient reported the use of any of the above

pesticides in the past, then specific questions were
asked regarding the period of exposure. These
included, how many months of the year pesticides
were used and how often they were used during those
months, with possible responses ranging from daily or
continuous use to less than once-per-week. It was
uncertain whether the risk of breast cancer would be
greater with a professional application since higher
concentrations of pesticides are often used, or with
off-the-shelf agents since the patient would be per-
forming the pesticide application herself. Likewise, data
was collected regarding various product types since
particle density and pesticide dose could not be
assumed to be uniform across different application
modalities. It should be noted that our analysis was
limited by the data collection tool not specifically
addressing the start and stop years of pesticide use.
Thus, it was not possible to know the timing of first
exposure and to estimate the lifetime exposure.

Statistical Analysis
For each of the seven pest categories, we calculated the
risk of breast cancer according to who applied the pesti-
cide, the method of application, and the location of
application (inside or outside the home). The frequency
of exposure was estimated by asking the subject how
many months of the year pesticides were used and dur-
ing those months how often the product was used. The
answers to both these questions were used to generate
an estimate of cumulative exposure. This calculated
exposure density was arranged in progressive tertiles,
and then analyzed for association to breast cancer risk.
Furthermore, some patients may have been exposed to

multiple products. Thus, exposure categories could not
be mutually exclusive. The most common mode of
application was by sprayer. The use of foggers and pow-
ders was infrequent; therefore data from these two
groups was combined into a single categorical variable.
Similarly, few subjects reported applying pesticides both
inside and outside the home. So, these subjects were

combined with participants who reported using pesti-
cides only inside the house. Data as to who actually
applied the pesticide was divided into application of pes-
ticides by the study participant and application by other
individuals, who may have been pest-control profes-
sionals or household members other than the study par-
ticipant. In pesticide-specific analysis, persons who
reported not being exposed to the specific pesticide
under analysis were classified as the non-exposed refer-
ent group.
Logistic regression models were used to estimate

adjusted and unadjusted odds ratios (OR) and corre-
sponding 95% confidence intervals (CI), regarding asso-
ciations between pesticide use and development of
breast cancer. Specifically, unconditional logistic regres-
sion models were selected to determine the risk accord-
ing to 1) who applied the product, 2) what type of
product was applied, or 3) where the product was
applied. The models were adjusted for the following
confounding variables: subject’s age at the time of dis-
ease diagnosis, race, religion, level of education, family
history of breast cancer, body mass index, age at meno-
pause, and age at menarche. A separate model was cre-
ated to test the effect of cumulative exposure in
comparison to those who were never exposed. For each
of the seven categories of pests, cumulative exposure to
pesticide was calculated and then categorized into
upper, middle and lower tertiles.
Finally, a third model was developed based on multi-

ple exposures (yes/no) to all pesticides. For this analysis,
subjects were assigned to one of the following cate-
gories: never exposed to pesticides, exposed to one type
of pesticide, exposed to two types of pesticides, exposed
to three types of pesticides, exposed to four types of
pesticides, or exposed to five or more types of pesti-
cides. The never-exposed category only included sub-
jects who reported not being exposed to any pesticide.
A test for trend was conducted across these categories
using the Cochran-Armitage test. All data analyses were
conducted using SAS statistical software version 9.1
(Cary, NC).

Results
A total of 1205 patients were included in this study.
Regarding the age of study subject 30% of the cases and
48% of the controls were younger than 50 years of age,
respectively and 20% of cases and 12% of controls were
older than age of 70, respectively. As regard to meno-
pause, 42% of cases and 51% of controls had menopause
by 49 years of age, respectively. Level of education was
used as a substitute for the socioeconomic status. There
were no significant differences between cases and con-
trols with regard to religious status, race, oral contracep-
tive use, or age at menarche (Table 1).
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The total numbers of subjects never exposed to any
kind of pesticide were 143 cases (32%) and 229 controls
(30%), respectively. When the relationship between
breast cancer and the type of pesticides used was ana-
lyzed with regard to who applied the product, both the
unadjusted and adjusted odds ratios were not found to
be significant. For example, the most commonly used
pesticides were for ant, carpenter ant, and cockroach
infestations. The adjusted odds ratio for self-application
of pesticide and application by other individuals were
1.25 (95% CI: 0.79-1.98) and 1.06 (95% CI: 0.65-1.73),
respectively (Table 2). Similarly, when different pesticide
application methods were analyzed with regard to breast
cancer risk, no statistically significant association was
found. For example, the breast cancer risk associated

with application by spray in the ants and cockroaches
category was 1.27 (95% CI: 0.83-1.94); and by fogger or
powder together in the same category was 0.81 (95% CI:
0.44-1.49) (Table 3). The breast cancer risk for pesti-
cides against ant, carpenter ant, and cockroach infesta-
tions, when pesticide application occurred either inside
the home or both inside and outside the home was 1.13
(95% CI: 0.75-1.72), while the breast cancer risk for out-
side-only application of pesticide was 1.22 (95% CI:
0.60-2.50) (Table 4).
With regard to the relationship between cumulative

exposure to a single pesticide and risk of breast cancer,
no significant association was found (Table 5). Further-
more, no dose-response relationship was discerned for
any type of pesticide employed. For example, for ants,
carpenter ants and cockroaches; the risk of breast cancer
was 0.99 (95% CI: 0.56-1.72) in tertile one, 1.15 (95% CI:
0.56-2.36) in tertile two, and 0.95 (95% CI: 0.52-1.73) in
tertile three. With regard to exposure to multiple types
of pesticide, similar to single pesticide exposure, no
dose-response relationship could be found. Likewise, the
trend test for a possible association did not show a sig-
nificant relationship (unadjusted p-value was 0.28;
adjusted p-value was 0.31) (Table 6).
Finally, separate analyses were performed for breast

cancer risk with respect to control patients who either
had benign breast diseases only or control patients who
had been diagnosed with non-breast related surgical
conditions. The findings were consistent with those
found when both control groups were combined to
form a single control group.

Discussion
In our hospital-based case-control study, no significant
relationship was found despite performing an analysis
which took into consideration the location of exposure,
method of pesticide application, and who applied the
pesticide or herbicide. However, an increased risk of
breast cancer was found in those women who had a
moderate level of exposure to pesticides that were used
for flea and tick infestations (odds ratio 10.73 (95% CI:
1.14-101.28) (Table 5). This finding is likely due to
chance since it does not follow a clear dose-response
relationship and is not consistent with our other
findings.
Organochlorine pesticides have received more atten-

tion in the past because of their persistence in the envir-
onment, continued detection in the food supply and
breast milk and their ability to be stored in the adipose
tissue of both animals and humans [16]. Furthermore,
because some organochlorine compounds have been
shown to act as both estrogen agonists or antagonists in
several animal experiments, a possible association of
breast cancer risk with organochlorine exposure has

Table 1 Characteristics of the study population

Variables Cases (%) Controls (%)

Age < 50 136 (30.4) 361 (47.6)

50-59 121 (27.1) 173 (22.8)

60-69 101 (22.6) 132 (17.4)

> 70 89 (19.9) 92 (12.1)

Education ≤High school 175 (41.6) 261 (34.8)

≤College
graduate

157 (37.3) 321 (42.9)

Post graduate 89 (21.14) 167 (22.3)

Race White 384 (91.2) 689 (92.0)

Black 29 (6.9) 56 (7.5)

Asian/Others 8 (1.9) 4 (0.5)

Religion Protestant 77 (18.3) 134 (17.9)

Catholics 167 (39.7) 330 (44.1)

Jewish 146 (34.7) 231 (30.8)

Others 25 (5.9) 39 (5.2)

None 4 (1.0) 12 (1.6)

Refused 2 (0.5) 3 (0.4)

BMI* < 25 200 (48.19) 370 (50.3)

25-29.9 124 (29.9) 206 (28.0)

≥30 91 (21.9) 160 (21.7)

Menstrual status Pre menopausal 114 (27.1) 307 (41.0)

Peri
menopausal

41 (9.7) 70 (9.4)

Postmenopausal 266 (63.2) 372 (49.7)

Age at menopause ≤ 49 110 (42.3) 188 (51.0)

50 45 (17.3) 57 (15.4)

≥51 105 (40.4) 124 (33.6)

Age at menarche < 12 216 (51.3) 373 (49.9)

≥12 205 (48.7) 375 (50.1)

Ever used an Oral
Contraceptive

Yes 193 (45.8) 369 (49.5)

No 228 (54.2) 376 (50.5)

*BMI = body mass index.
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Table 2 Exposure to pesticides based on who applied the product

Types of pesticides used for the
following pests

Who applied these products Number of
cases

Number of
control

Adjusted
OR*

95% CI

Never exposed+ __ 143 229 __ __

Ants, carpenter ant, cockroaches Study participant 120 205 1.25 0.79-1.98

Another from the same household/professional 109 108 1.06 0.65-1.73

Bees or wasps Study participant 22 41 0.73 0.31-1.72

Another from the same household/professional 27 42 1.66 0.70-3.94

Flies or mosquitoes in your home or
yard

Study participant 19 28 2.01 0.71-5.66

Another from the same household/professional 13 12 1.66 0.42-6.62

Fleas or ticks in your home Study participant 27 41 1.52 0.58-3.93

Another from the same household/professional 15 36 1.59 0.57-4.44

Weeds Study participant 12 18 1.2 0.40-3.58

Another from the same household/professional 104 164 1.21 0.75-1.97

Lawn insects Study participant 11 7 2.68 0.72-9.92

Another from the same household/professional 89 133 1.22 0.73-2.04

Insects or diseases of outdoor plants Study participant 18 17 2.55 0.81-8.00

Another from the same household/professional 57 99 0.95 0.52-1.74

* Adjusted for age at the time of diagnosis, race, religion, level of education, family history of breast cancer, body mass index, age at menopause and age at
menarche.
+ The never exposed category included persons who reported not being exposed to the pesticides.

CI, confidence interval; OR, odds ratio

Table 3 Exposure to pesticides analyzed based on the type of product used

Types of pesticides used for the following
pests

Type of product Number of
cases

Number of
control

Adjusted
OR

95% CI

Never exposed+ __ 143 229 __ __

Ants, carpenter ant, cockroaches spray 181 296 1.27 0.83-1.94

fogger/powder/some other form 46 88 0.81 0.44-1.49

Bees or wasps spray 49 78 1.11 0.58-2.13

fogger/powder/some other form 0 5 0 __

Flies or mosquitoes in your home or yard spray 29 33 2.16 0.88-5.30

fogger/powder/some other form 2 7 < 0.001 __

Fleas or ticks in your home spray 17 30 1.85 0.60-5.68

fogger/powder/some other form 25 46 1.4 0.57-3.43

Weeds spray 71 123 0.94 0.55-1.61

fogger/powder/some other form 43 58 1.76 0.91-3.42

Lawn insects spray 80 113 1.2 0.70-2.03

fogger/powder/some other form 20 26 1.99 0.81-4.86

Insects or diseases of outdoor plants spray 67 103 1.03 0.57-1.85

fogger/powder/some other form 8 13 2.55 0.60-10.88

* Adjusted for age at the time of diagnosis, race, religion, level of education, family history of breast cancer, body mass index, age at menopause and age at
menarche.
+ The never exposed category included persons who reported not being exposed to the pesticides.

CI, confidence interval; OR, odds ratio
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been hypothesized and investigated [17,18]. The collec-
tive evidence to date does not appear to support a rela-
tion between exposure to organochlorines and risk of
breast cancer but several questions still remain regard-
ing the time frame of pesticide exposure [16,19-21]. The
shorter lived compounds, unlike the organochlorines, do
not persist in the environment for long durations. How-
ever, these shorter lived pesticides may still be hazar-
dous with longstanding biological effects, and
self-reporting is often the only means of assessing his-
torical exposure to such chemical in epidemiological
studies [22].
Comparison between our study and the LIBSCP study

[1] shows conflicting results. The LIBSCP study showed
an increased breast cancer risk with all pest groups
combined, (OR = 1.39, 95% CI: 1.15-1.68), but there was
no evidence of increasing risk with increasing lifetime
exposure. However, this weak association was not sup-
ported by our study, which was also performed in the
Long Island, New York area. In comparison to our
study, Teitelbaum’s study had a larger sample size and
employed a measure of lifetime exposure, which enum-
erated the number of years for which the pesticide was
applied. In our study, the estimated cumulative exposure
represented the frequency of pesticide exposure in a
given year. Unlike Teitelbaum’s study, our questionnaire
did not address how many years each product had been
used, thus it was not possible to estimate lifetime expo-
sure. Similar to the Teitelbaum’s study, our study

showed that the risk varied little between different types
of products or who applied the agent.
One possible explanation for the difference in findings

between our study and the LIBCSP study is that LIBSCP
used randomly selected population controls. In our
study, women with a suspicious breast mass did not
know their tissue diagnosis at the time of questionnaire
completion. Thus, the design of our study may have
minimized recall bias. Furthermore, positive findings in
the LIBCSP study could have been due to chance as the
authors note that they did not observe a dose-response
relationship.
The major strength of our study is that the data was

collected in-person, by an interviewer before the disease
diagnosis was established and assignment to either the
case or control group occurred after the review of tissue
pathology reports. This potentially would have mini-
mized any possibility of a reporting bias, despite the
high profile of breast cancer risk studies from Long
Island, NY. The use of two control groups serves to vali-
date these findings, where subjects with benign breast
disease likely had very similar referral patterns as breast
cancer cases, and the use of general surgical controls
reduced possible methodological bias if an association
between pesticide use and benign breast disease existed.
The main limitation of our study is that the question-

naire did not specify the time frame of exposure. This
might be important since we know that there is poten-
tial of a long lag time between exposure to pesticides

Table 4 Exposure to pesticides based on where it was applied

Types of pesticides used for the following
pests

Location Number of
cases

Number of
control

Adjusted
OR

95% CI

Never exposed+ __ 143 229 __ __

Ants, carpenter ant, cockroaches Inside or both inside and outside 200 343 1.13 0.75-1.72

Outside only 28 42 1.22 0.60-2.50

Bees or wasps Inside or both inside and outside 15 21 2.42 0.76-7.75

Outside only 34 61 0.84 0.40-1.74

Flies or mosquitoes in your home or yard Inside or both inside and outside 17 17 2.21 0.77-6.30

Outside only 13 23 1.15 0.29-4.60

Fleas or ticks in your home Inside or both inside and outside 40 70 1.55 0.71-3.40

Outside only 2 7 1.57 0.21-11.94

Weeds Inside or both inside and outside 3 2 4.77 0.37-62.10

Outside only 113 177 1.21 0.76-1.93

Lawn insects Inside or both inside and outside 3 1 __ __

Outside only 97 138 1.3 0.79-2.14

Insects or diseases of outdoor plants Inside or both inside and outside 5 3 __ __

Outside only 69 112 1.05 0.59-1.85

* Adjusted for age at the time of diagnosis, race, religion, level of education, family history of breast cancer, body mass index, age at menopause and age at
menarche.
+ The never exposed category included persons who reported not being exposed to the pesticides.

CI, confidence interval; OR, odds ratio
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Table 5 Cumulative exposure to different types of pesticides

Types of pesticides used
for the following pests

Cumulative
Exposures

Number
of cases

Number of controls OR after adjusting
for confounders*

(vs. never exposed)

95% CI

Benign
breast
diseases

Other
surgical
diseases

Total

Never exposed+ __ 143 145 84 229 __ __

Ants, carpenter ants,
cockroaches

Tertiles 1 (1-33%) 93 105 39 144 0.99 0.56-1.72

Tertiles 2 (34-66%) 49 51 37 88 1.15 0.56-2.36

Tertiles 3 (67-100%) 84 97 54 151 0.95 0.52-1.73

Bees or wasps Tertiles 1 (1-33%) 25 28 11 39 0.7 0.28-1.75

Tertiles 2 (34-66%) 5 14 9 23 0.45 0.11-1.81

Tertiles 3 (67-100%) 19 10 10 20 3.15 0.61-16.35

Flies or mosquitoes in your
home or yard

Tertiles 1 (1-33%) 14 7 5 12 2.37 0.50-11.22

Tertiles 2 (34-66%) 8 6 6 12 1.18 0.20-6.98

Tertiles 3 (67-100%) 9 9 7 16 1.66 0.26-10.67

Fleas or ticks in your home Tertiles 1 (1-33%) 17 18 13 31 1.1 0.30-3.95

Tertiles 2 (34-66%) 15 8 9 17 10.73 1.14-101.28

Tertiles 3 (67-100%) 10 19 7 26 2.95 0.46-19.04

Weeds Tertiles 1 (1-33%) 51 49 34 83 1.21 0.61-2.40

Tertiles 2 (34-66%) 22 24 13 37 1.7 0.64-4.53

Tertiles 3 (67-100%) 41 37 21 58 1.03 0.43-2.45

Lawn insects Tertiles 1 (1-33%) 42 41 19 60 1.43 0.67-3.05

Tertiles 2 (34-66%) 20 16 12 28 2.42 0.86-6.78

Tertiles 3 (67-100%) 36 30 20 50 0.68 0.28-1.64

Insects or diseases of outdoor
plants

Tertiles 1 (1-33%) 26 37 21 58 0.68 0.29-1.58

Tertiles 2 (34-66%) 14 12 6 18 1.13 0.37-3.40

Tertiles 3 (67-100%) 33 22 18 40 1.04 0.37-2.92

* Adjusted for age at the time of diagnosis, race, religion, level of education, family history of breast cancer, body mass index, age at menopause and age at
menarche.
+ The never exposed category included persons who reported not being exposed to the pesticides.

CI, confidence interval; OR, odds ratio

Table 6 Exposure to one or more different types of pesticides

Number of pesticides exposed to Cases n = 446 (%) Control n = 758 (%) Adjusted OR* 95% CI

No exposure to any type of pesticide (never said yes) 143 (32.0) 229 (30.2) __ __

Exposure to one type of pesticide only 141 (31.5) 285 (37.6) 0.98 0.64-1.52

Exposure to two different types of pesticides 64 (14.3) 96 (12.7) 1.45 0.80-2.61

Exposure to three different types of pesticides 50 (11.2) 78 (10.3) 1.25 0.70-2.25

Exposure to four different types of pesticides 32 (7.2) 52 (6.9) 0.75 0.36-1.57

Exposure to five to seven different types of pesticides 17 (3.8) 18 (2.4) 2.21 0.80-6.09

TREND TEST p-value+ 0.31

* Adjusted for age at the time of diagnosis, race, religion, level of education, family history of breast cancer, body mass index, age at menopause and age at
menarche.
+significant p value defined as < 0.05

CI, confidence interval; OR, odds ratio
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and development of breast cancer, as reported by Hoyer
et al. [12]. This lack of specificity does limit application
of our results. In addition, we did not have information
regarding the chemicals used in each of our seven cate-
gories of pesticides, limiting the mutual exclusivity of
categories. With respect to sample size, the small sample
size of our study population might have limited our abil-
ity to discern small exposure effects. Also, separating the
pesticides into smaller categories might have reduced
the statistical power even further. However, the general
pattern of odds ratios across the many categories is lar-
gely null indicating an overall lack of association. Finally,
self-reporting is a crude measure of historical environ-
mental exposure and not of an actual biological expo-
sure, although the validity of biological measurements
may also be somewhat problematic due to degradation
and elimination of compounds over time.

Conclusions
In conclusion, our case-control study did not show an
association between self-reported residential exposure to
pesticides and breast cancer risk. The real strength of this
study is that the interviews were conducted before tissue-
based diagnosis of disease. However, our study was limited
by the lack of detail on the time of initial exposure, a smal-
ler sample size, and an absence of information regarding
the chemical constituents of different categories of pesti-
cides. Therefore, we recommend that a follow-up study
with more precise information about the time frame of
exposure, a larger sample size, and a detailed account of
chemical constituents of the pesticides should be con-
ducted to further explore this question.
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