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This pilot study examined the relationships of organochlorine pesti-
cides (OCPs) and polychlorinated biphenyls (PCBs) with prostate
cancer. Ninety-nine controls were frequency matched by age in 5-year
increments to 58 prostate cancer patients. Thirty PCBs and 18 OCPs
were measured in serum by gas chromatography. Multiple logistic
regression was used to assess the magnitude of association. Seven
organochlorines, dieldrin, p,p�-DDE, trans-nonachlor, oxychlordane,
heptachlor epoxide, and PCBs 153 and 180 were detected in at least
20% of all study participants. Adjusting for age, body mass index, and
a history of prostatitis, oxychlordane and PCB 180 were associated with
an increased risk of prostate cancer. This study suggests that long-term,
low-dose exposure to specific OCPs and PCBs in the general population
may contribute to an increased risk of prostate cancer and supports
further investigation in this area. (J Occup Environ Med. 2003;45:
692–702)

P rostate cancer is a disease of older
men, with about 70% of the cases
diagnosed at 65 years of age or
older.1 The age-adjusted incidence
rate of prostate cancer in the United
States is 165 per 100,000.2 It is the
leading cause of cancer among men
in Iowa, accounting for 29.2% of
male cancers in the state.3 With the
exception of age, race, and familial
genetic predisposition, other risks re-
main unclear.4–6 Excess incidence
has been shown to be associated with
occupational exposure to pesticides.7

Several but not all studies have
found higher incidence and mortality
from prostate cancer among farm-
ers.8–14 Current research is primarily
focused on genetic polymorphisms
and the role of the endocrine system
in regulating prostate cell control and
growth.

Organochlorines include pesti-
cides, such as DDT, DDE, and lin-
dane, and chemically related com-
pounds, such as polychlorinated
biphenyls (PCBs). Although many of
these compounds have been removed
from the US market for more than 20
years, they are persistent in the envi-
ronment. The primary source of ex-
posure in the general population is
believed to be through diet from fish,
meat, and dairy products.15 Other
possible sources of exposure include
water, soil, and dust. Organochlorine
pesticides (OCPs) and PCBs are
known to have long half-lives and to
persist for decades in adipose tissue
and blood lipids.16 In animal studies,
OCPs and PCBs have been shown to
be carcinogenic and tumor promot-
ers.7,17

In recent years several case-
control studies have examined the
relationship between serum levels of
OCPs and PCBs with the risk of
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cancers of the breast18–29 and pan-
creas,30,31 and non-Hodgkin lym-
phoma (NHL).32–34 Findings from
the numerous breast cancer studies
have not been consistent, but some
have found significant associations
with OCPs and PCBs.18,22,25,27,28

Results from NHL and pancreatic
cancer investigations also have
tended to suggest that higher serum
levels of certain OCPs and PCBs are
associated with an increased risk of
these cancers.

Many of the OCPs and PCBs are
known endocrine disrupters and may
modulate steroid sex hormones as
agonists, antagonists, or as mixed
agonist–antagonists, particularly
with regard to estrogen or testoster-
one activity.15,16,27,35–38 As a result,
it is plausible that these chemicals
contribute to the development of
prostate cancer through hormone-
mediated effects.15,16,27,35–37,39

However, to date, the effects of these
chemicals on the prostate, using pos-
sible biomarkers of exposure, have
not been explored in humans as op-
posed to cell lines and animal mod-
els. This pilot study was undertaken
to generate new hypotheses for fu-
ture studies by comparing detection
rates and serum levels of OCPs and
PCBs between prostate cancer cases
and controls and by examining the
associations of specific OCPs and
PCBs with the risk of prostate cancer
in the general population.

Methods

Participants
After consultation with the NCI

Iowa SEER Registry, two clinics
were identified as diagnosing and
treating incident prostate cancer
cases (ICD-O 61.9) in the surround-
ing county areas. All cases were
recruited from these two clinics,
which included a university hospital
urology clinic (n � 54) and a group
practice of urologists (n � 4) asso-
ciated with the other hospital in the
area. Cases were pathologically con-
firmed, newly diagnosed prostate
cancer patients enrolled between

May 2000 and May 2001. All 58 of
the cancers were adenocarcinomas.
Based on the Gleason score, all tu-
mors were moderately or poorly dif-
ferentiated (31 moderate, 19 moder-
ate/poor, and 8 poor).40 All stages of
disease were included (36 II, 7 III, 1
III/IV, 3 IV, and 11 currently un-
staged).40 Controls (n � 99) in-
cluded men without a previous his-
tory of prostate cancer who were
receiving physicals and annual
check-ups in the internal medicine
and family care clinics from the uni-
versity hospital. Similar to the pros-
tate cancer cases, controls come to
these university clinics from a wide
variety of areas and distances. All
controls were asymptomatic for
prostate cancer. Seventy-one percent
of the controls had prostate specific
antigen levels available; 87% were
taken within 1 year before and/or
after study enrollment, 9% were
taken more than 1 year before study
enrollment, and 4% were taken more
than one year after study enrollment.
There were seven controls with pros-
tate-specific antigen levels greater
than 4; all were diagnosed with be-
nign prostatic hyperplasia not pros-
tate cancer after biopsy. Controls
were frequency matched by age in
5-year increments to cases and were
enrolled in the study between Janu-
ary and June of 2001. All patients
were administered an IRB approved
consent form prior to enrollment,
completed a questionnaire and had
blood drawn for assessment of the
OCPs and PCBs under study. Blood
draws for organochlorine levels were
obtained before treatment for 54 of
the 58 cases; 4 cases had received
one dose of some form of hormonal
treatment within 3 months before
drawing the blood. Five prospective
controls and no cases declined par-
ticipation.

Questionnaire
The questionnaire included demo-

graphic and risk characteristics such
as age, race, family history of pros-
tate cancer, tobacco and alcohol us-
age, number of sexual partners, his-

tory of sexually transmitted diseases
(STDs), and sex hormone usage. Par-
ticipants also completed a chemical
checklist that inquired about expo-
sure to solvents, cleaning fluids, dyes
and adhesives, dusts, gases, steril-
ants, pesticides, fumigants, wood
preservatives, metals, and radiation
sources. The research nurse com-
pleted a medical history form for all
study participants.

Laboratory Procedures
Serum extracts were prepared by

processing 2-mL aliquots of protein-
denatured sera using methods de-
scribed by Brock et al.41 One-
milliliter aliquots were used for lipid
analyses. The serum extracts were
injected using splitless injection onto
a programmable gas chromatograph
(Agilent 6890; Wilmington, DE)
equipped with dual, chemically dis-
similar 30 m columns (CLPesticides,
CLPesticides II, Restek Corporation;
Bellefonte, PA) and micro-cell elec-
tron-capture detectors. Spikes,
method blanks and instrument blanks
were injected sequentially with sam-
ples to monitor recoveries and poten-
tial contamination from the extrac-
tion process or other sources. The
limit of detection (LOD) for each
analyte was determined as 3 standard
deviations plus the mean background
noise observed from multiple
method blanks. Study analyte and
surrogate recoveries obtained from
the fortified bovine spikes averaged
54.9% to 93.8% and did not exceed
established upper and lower control
limits. Mean percent analyte recov-
eries were 70.9% for OCPs and
67.3% for PCBs, with coefficients of
variation of 18.3% and 13.8%, re-
spectively.

Analytical methods and quality
control criteria were based on estab-
lished EPA SW-846, Method 8000B
for solid waste.42 Analyte identifica-
tion was confirmed by retention time
comparison and retention time win-
dows established for each compound
on the two columns. Reagent stan-
dards were injected to establish cali-
bration curves with a minimum of
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five concentration levels ranging
from 0.2 to 10 ppb. Quantification
was derived from internal standard
and analyte response factors gener-
ated from the curves. Initial calibra-
tion correlation coefficients greater
than 0.995 and coefficients of varia-
tion less than or equal to 20% for a
single compound (less than 10%
mean) were criterion for curve lin-
earity acceptability. Comprehensive
quality control also included the
monitoring of baseline peak to noise
ratios, peak Gaussian factors, peak
integration, compound resolution,
degradation, and column relative
percent difference, to minimize sys-
tematic and random errors.

A reporting limit of 0.2 ng/mL was
established from the highest method
detection limit except when the
LOD, or sample background neces-
sitated raising the reporting limit or
when analyte detection was con-
firmed at a measurable, lower report-
ing limit.43 Results were obtained
for five DDT analogs (o,p�-DDT,
p,p�-DDT, o,p�-DDE, p,p�-DDE,
p,p�-DDD), lindane, �-hexachloro-
cyclohexane (�-BHC), hexachloro-
benzene, chlordane (�- and �-
isomers), oxychlordane, trans-nona-
chlor, heptachlor, heptachlor epox-
ide, aldrin, dieldrin, endrin, mirex,
and 30 PCB congeners (IUPAC
numbers 18, 28, 52, 56, 65, 66, 74,
99, 101, 105, 110, 118, 138, 146,
153, 156, 170, 172, 177, 178, 180,
183, 187, 189, 193, 194, 195, 201,
203, 206). Total cholesterol and total
triglycerides, quantified in mg/dL by
enzymatic assay, were used to lipid
adjust the gas chromatography re-
sults according to the alternative for-
mula by Phillips et al.44

Statistical Analysis
Patient characteristics and organo-

chlorine data of cases and controls
were compared by the Wilcoxon
rank sum test for quantitative vari-
ables and by the chi-square test or
Fisher’s exact test for categorical
variables. Data for the organochlo-
rine levels were analyzed using both
the unadjusted and lipid-adjusted se-

rum values, but conclusions were
similar. Thus, only the results from
the lipid-adjusted analyses are re-
ported. Lipid-adjusted values (�g/g)
for the OCPs and PCBs were calcu-
lated as the serum concentrations
divided by the total serum lipids. For
analyses involving individual OCPs
and PCBs, nondetectable values
were set to half the lowest detectable
level.45 The sum of the PCBs was
based on the detectable values only.
Summations for individuals without
detectable levels for any of the PCBs
were assigned to half the smallest
sum. After the comparison of the
detection rates between cases and
controls, analyses involving the indi-
vidual organochlorines were re-
stricted to those with detection rates
of at least 20% in cases and 20% in
controls to avoid sparse data. Spear-
man correlation coefficients were
used to assess the associations be-
tween individual OCPs and PCBs
and with age and body mass index
(BMI) among controls.

Odds ratios (ORs) were estimated
from the unconditional logistic re-
gression models. Ninety-five percent
confidence intervals (CIs) for the
ORs were based on normal approxi-
mations. Tertiles were determined
from the control distributions and
were used for the following organo-
chlorines: p,p�-DDE, trans-nona-
chlor, PCB 153, and oxychlordane.
For heptachlor epoxide, PCB 180,
and dieldrin, the cutoffs were based
on an attempt to include an equal
number of controls in the categories
with detectable values.

A backward stepwise selection
procedure with significance set to
P � 0.10 was used to develop a
multivariate model for risk of pros-
tate cancer. A forward stepwise pro-
cedure also was evaluated and led to
the same final model as that reported.
Variables included in the modeling
process were age, BMI, total lipids,
tobacco status (ever vs never), aver-
age drinks per week, a history of
prostatitis, a history of STDs, the
sum of the PCBs, and the individual
organochlorines meeting the 20%

detection criterion. Regardless of sta-
tistical significance, age and BMI
were included in the adjustment
since organochlorines are known to
bioaccumulate. All analyses were
performed using the SAS statistical
package.46

Results

Patient Characteristics
Demographic and lifestyle charac-

teristics of the cases and controls are
displayed in Table 1. The study pop-
ulation was primarily white with a
median age of 64.5 years for cases
(range, 47 to 85 years) and 62.0
years for controls (range, 44 – 85
years). Education, tobacco status and
alcohol usage were similar between
the two groups. Cases were more
likely than controls to be married or
living as married (P � 0.01). Al-
though there was not a significant
difference in the median body mass
index (BMI) values between cases
and controls (29.7 vs 28.8 kg/m2;
P � 0.46), a higher percentage of
cases had a BMI between 25 and 30
as opposed to less than 25 kg/m2

(P � 0.04). Cases also had higher
median total lipids, 745.5 mg/dL,
than controls, 696.0 mg/dL (P �
0.09) and were more likely to have a
history of prostatitis (OR � 2.8, 95%
CI, 1.2–6.9). There were no signifi-
cant differences between cases and
controls in a history of having a
first-degree relative with prostate
cancer (20% vs 15%; P � 0.33),
colon cancer (14% vs 17%; P �
0.64), breast cancer (23% vs 25%;
P � 0.81), or ovarian cancer (9% vs
8%; P � 0.77). When stratified by
age, there was a non-significant ele-
vated risk of prostate cancer associ-
ated with a family history of prostate
cancer among those 60 years of age
and younger (OR � 2.4), but not
among those over 60 (OR � 1.1).

Chemical Exposures
There were no significant differ-

ences between the two groups in
self-reported exposure to the general
chemical categories presented in Fig.
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1, including pesticides. Exposure
rates for individual pesticide classes
also did not significantly differ be-
tween cases and controls (organo-
chlorines 9% vs 9%; organophos-
phate and carbamate insecticides
19% vs 23%; herbicides 28% vs
33%; fungicides 10% vs 15%, data
not shown in Fig. 1). The only dif-
ference noted for individual items
within a general chemical category
was that controls had greater expo-
sure to paints than cases (46% vs
31%, P � 0.06).

OCPs and PCBs
Blood samples were assayed for

48 different individual organochlo-
rines. Twenty were detected in at
least one study participant (Table 2).
Dieldrin, p,p�-DDE, trans-nona-
chlor, oxychlordane, heptachlor ep-
oxide, and PCBs 153 and 180 were
detected in at least 20% of cases and
20% of controls; subsequent analy-
ses were restricted to these analytes.
Cases were more likely than controls
to have detectable levels of trans-
nonachlor (P � 0.03) and PCB 180
(P � 0.07). These results remained
after adjusting for total lipids (data
not shown).

Table 3 presents the medians for
the lipid-adjusted serum levels of the
individual OCPs and PCBs as well as
the sum of the PCBs. Although none
is significantly different, it is inter-
esting that for five of the six com-
parisons presented in Table 3, the
median levels among cases were
higher than among controls.

Examination of the relationships
among the individual organochlo-
rines suggested that the strongest
correlation among individual or-
ganochlorines was between oxy-
chlordane and trans-nonachlor (R �
0.86, P � 0.0001). Oxychlordane
was also correlated with heptachlor
epoxide and PCB 153 (R values
ranged between 0.4 and 0.5). PCB
180 was strongly associated with
PCB 153 (R � 0.61), but not oxy-
chlordane (R � 0.31). To examine
the bioaccumulation effects of the
organochlorines within our data, the

TABLE 1
Demographics, Risk Factors, and Medical Conditions of Prostate Cancer Cases
and Controls

Characteristic
Case

n � 58 (%)
Control

n � 99 (%) P value*

Age
� 60 34.5 42.4 –
� 60 65.5 57.6 0.33

Marital status
Married/like mar. 89.7 69.7 –
Other† 10.3 30.3 �0.01

Education
� 12 yrs 46.5 46.5 0.99
� 12 yrs 53.5 53.5 –

Income
�$40,000 32.8 44.4 0.61
$40,000–$59,999 32.8 16.2 0.07
� $60,000 31.0 34.3 –

Race
White 98.3 99.0 –
Other 1.7 1.0 0.99

Partners
� 2 44.8 45.5 –
� 2 43.1 52.5 0.60

Tobacco status
Never 34.5 27.3 –
Past 55.2 57.6 0.45
Current 10.3 15.2 0.27

Average drinks/week
Never 29.3 30.3 –
� 9 39.7 35.4 0.71
� 9 31.0 34.3 0.87

Body mass index (kg/m2)
�25 8.6 20.2 –
25–30 51.7 39.4 0.04
� 30 37.9 40.4 0.16

Total lipids (mg/dL)‡
� 638 22.4 33.3 –
638–766 29.3 33.3 0.54
� 766 48.3 33.3 0.06

Triglycerides (mg/dL)
� 120 20.7 33.3 –
120–216 36.2 34.3 0.22
� 216 43.1 32.3 0.07

Cholesterol (mg/dL)
� 184 24.1 34.3 –
184–217 32.8 32.3 0.39
� 217 43.1 33.3 0.14

Sex Hormone
Never 98.3 93.9 –
Ever 1.7 6.1 0.26

Prostatitis
Yes 24.1 10.1 0.02
No 76.0 89.9 –

STD§
Yes 12.1 6.1 0.23
No 87.9 93.9 –

Family history of prostate cancer�
Yes 20.7 15.2 0.33
No 69.0 76.8 –
Unknown 10.3 8.1 0.56

* P value based on comparison to referent group denoted with dashed lines.
† Includes never married, separated, divorced, and widowed.
‡ Total lipids � 2.27 (total cholesterol) 	 triglycerides 	 62.3.
§ STD � sexual transmitted disease, includes gonorrhea, syphilis, genital herpes, chla-

mydia, and genital warts.
� Family history among first-degree relatives (father or brothers).
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relationships of the individual ana-
lytes with age and BMI among con-
trols were examined. PCB 153 had
the strongest correlation with age
(R � 0.41). Age was not signifi-
cantly correlated with heptachlor ep-
oxide or dieldrin. The Spearman cor-
relation coefficients between age and
the other OCPs and PCBs ranged
from 0.2 to 0.4. The strongest corre-
lation with BMI was with heptachlor
epoxide (R � 0.48). PCB 180 and
the sum of total PCBs were nega-
tively correlated with BMI (R �

0.2). None of the other organo-
chlorines was significantly corre-
lated with BMI.

The ORs of prostate cancer for the
lipid-adjusted serum levels of the
OCPs and PCBs after adjusting for a
history of prostatitis, age, and BMI
are given in Table 4. A significant
elevated risk of prostate cancer was
observed for the middle concentra-

tion groupings of oxychlordane
(OR � 3.1, 95% CI � 1.3–7.6) and
PCB 180 (OR � 3.1, 95% CI �
1.3–7.3). The odds ratios for the
highest concentrations of both or-
ganochlorines also were elevated but
not to the same extent as those for
the middle groupings possibly sug-
gesting a nonlinear dose response.
There were no significant linear
trends in the tests of association be-
tween prostate cancer status and con-
centration levels for any of the OCPs
and PCBs presented in Table 4 (all
P � 0.11). Those with the highest
levels of dieldrin appeared to have a
reduced risk of prostate cancer
(OR � 0.3, 95% CI � 0.1–0.9)
compared with those in whom diel-
drin was not detected.

Results from the multivariate anal-
yses are presented in Table 5. The
odds of prostate cancer among those
with a history of prostatitis was be-

tween three to four times that among
those without such a history. Consis-
tent with the unadjusted analyses
presented in Table 1, factors, such as
tobacco status, alcohol usage, and
self-reported history of STDs, did
not contribute to the model (all P �
0.15). Among the lipid-adjusted se-
rum levels of the OCPs and PCBs,
oxychlordane (P � 0.02) and PCB
180 (P � 0.05) were included in the
multivariate model with the middle
categories being significantly associ-
ated with prostate cancer status. Al-
though not significant, the adjusted
OR for the upper concentrations of
PCB 180 was also elevated. Dieldrin
did not remain in the model (P �
0.13).

Discussion
This is the first study to investigate

the possible relationship between se-
rum levels of OCPs and PCBs with
prostate cancer. The results of this
pilot study suggest that PCB 180 and
oxychlordane are each associated
with an increased risk of prostate
cancer. This association remained af-
ter adjusting for age and BMI. Pa-
tients were not required to fast prior
to the blood draws, so results were
reported for lipid-adjusted levels.
This adjustment removes variation
introduced by fluctuating lipid levels
in the blood and takes into account in
our analyses that cases had higher
total lipids than controls (P � 0.10).
Interestingly, results based on the
mass per blood volume levels were
similar to those reported for lipid
adjustment.

Elevated standard incidence and
mortality rates for prostate cancer
have been noted in several cohort
studies10,47–49 of pesticide applica-
tors but not all.39,50 In addition, other
case-control studies among the gen-
eral population have found pesticide
usage to be associated with an in-
creased risk of prostate cancer. One
such study51 conducted in Canada
found the odds of prostate cancer to
be over 2 times (95% CI � 1.3–4.2)
for those exposed to pesticides or
garden sprays during leisure. Van der

Fig. 1. Self-reported chemical exposures among prostate cancer cases and controls. The gray
bars are for the prostate cancer cases (n � 58). The black bars are for the controls (n � 99).
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Gulden et al.52 found an elevated risk
associated with frequent pesticide
exposure. Another investigation,53

which included cases and controls
from seventeen different occupations
and eleven different industries, found

substantial exposure to pesticides to
be associated with prostate cancer
risk. A recently published case-
control study54 showed an increased
risk of prostate cancer among farm-
ers exposed to organochlorine insec-

ticides and acaricides including DDT
(OR � 2.5, 95% CI � 1.4–4.2).
These studies were based on self-
reported exposure assessment.

Although these studies suggest an
association between pesticide expo-
sure and prostate cancer, the conclu-
sions are somewhat limited and as
such support the need for further
study. Self-reported data are known
to be subject to recall, case response,
and misclassification biases. In this
study, to reflect total body burden,
we used serum levels to evaluate
exposure to individual OCPs and
PCBs. Serum levels of organochlo-
rines can be used as surrogate mea-
sures of long-term exposure as a
result of these compounds being li-
pophilic, resistant to metabolism,
and stored in adipose tissue.44,55 Our
study focused on persistent organo-
chlorine compounds for which resi-
dues could be detected in the blood.
We were only able to assess rapidly
metabolized and excreted agrichemi-
cals, such as atrazine, organophos-
phates, and carbamates, through self-
reported data. Although no
significant differences were found, a
lower percentage of cases reported a
history of exposure to each ag-
richemical, a result observed by oth-
ers.56 In contrast to the self-reported
data on pesticide exposure, cases had
higher median levels than controls
for the total sum of the PCBs and for
four of the five individual organo-
chlorines with the highest detection
rates (Table 3).

Several studies have looked at
OCPs and PCBs in association with
cancers of the breast, pancreas, and
NHL. Since ours is the first study in
prostate cancer, we compare our re-
sults to these other investigations.
Comparisons with the breast cancer
studies seem appropriate given that
both types of cancers are believed to
be hormonally mediated. Most of the
earlier breast cancer studies focused
their attention on DDE, total PCBs,
and biological groupings of
PCBs37,57–59 rather than on individ-
ual PCB congeners. Almost all of the
studies have failed to establish a

TABLE 2
Prostate Cancer Case-Control Comparison of Detection Rates for
Organochlorines

Organochlorines
Case

n � 58 (%)
Control

n � 99 (%) P value

�-BHC 13.8 15.2 0.82
p,p�-DDE 100.0 99.0 0.99
p,p�-DDT 0.0 2.0 0.53
Dieldrin 29.3 38.4 0.25
Heptachlor epoxide 24.1 34.3 0.18
Hexachlorobenzene 5.2 4.0 0.71
trans-nonachlor 98.3 87.9 0.03
Oxychlordane 91.4 81.8 0.10
PCB 18 1.7 0.0 0.37
PCB 28 1.7 1.0 0.99
PCB 99 12.1 11.1 0.86
PCB 118 6.9 6.1 0.99
PCB 138 0.0 1.0 0.99
PCB 146 0.0 1.0 0.99
PCB 153 87.9 83.8 0.48
PCB 170 3.5 5.1 0.99
PCB 180 53.5 38.4 0.07
PCB 187 10.3 7.1 0.55
PCB 194 5.2 7.1 0.75
PCB 201 0.0 1.0 0.99

TABLE 3
Lipid-Adjusted Serum Levels of Organochlorines among Prostate Cancer Cases
and Controls*

Organochlorines Median Range P Value

Sum PCBs†
Case 0.055 0.008–0.501 0.18
Control 0.042 0.008–0.365

p,p�-DDE
Case 0.290 0.045–1.600 0.68
Control 0.270 0.015–2.000

trans-nonachlor
Case 0.033 0.006–0.120 0.38
Control 0.033 0.006–0.210

Oxychlordane
Case 0.027 0.007–0.063 0.58
Control 0.026 0.007–0.100

PCB 153
Case 0.040 0.008–0.120 0.41
Control 0.033 0.008–0.150

PCB 180
Case 0.022 0.009–0.100 0.10
Control 0.009 0.009–0.130

* 58 prostate cancer cases vs. 99 controls; descriptive statistics reported only for those
organochlorines with at least 50% detectables in cases or controls; units for organochlorines
are �g/g.

† Includes: PCBs 18, 28, 99, 118, 138, 146, 153, 170, 180, 187, 194, 201.
PCBs, polychlorinated biphenyls.
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relationship between DDE and breast
cancer. Lack of association with
DDE also was observed in the NHL
studies as well as in our prostate
cancer study.

A majority of the breast cancer stud-
ies also do not support the hypothesis
that total PCB exposure has a substan-
tial impact on the risk of breast cancer.
Similarly, no association was found in
this study between total PCB concen-
trations and prostate cancer. Two NHL
studies33,34 found a synergistic effect
between higher concentrations of total
PCBs and the Epstein–Barr virus, and

one pancreatic cancer study30 found a
significant dose-trend in total PCBs.
The lack of association in our study
and the breast cancer studies may be
explained by the fact that the various
PCB congeners have different biolog-
ical activities, including estrogenic and
anti-estrogenic effects. This would
support the examination of individual
PCBs as was done in this investigation.

We found PCB 180 to be associ-
ated with an increased risk of pros-
tate cancer. Several breast cancer
studies using serum levels that eval-
uated individual PCBs did not find

an association with PCB
180.18,19,24,26 Two breast cancer
studies60,61 using adipose tissue sam-
ples and one pancreatic cancer
study31 using serum levels found an
adverse effect for PCB 180. Similar
to our study, Aronson et al.60 ob-
served a non-linear trend for PCB
180 with the middle concentration
category being significantly elevated
(OR � 2.4) but not the highest con-
centration category (OR � 1.8). It
has been suggested that PCB 180 is a
congener with activity like pheno-
barbital inducing CYP1A and
CYP2B cytochrome P450 en-
zymes.37,57 Interestingly, one epide-
miologic study62 found that
CYP1A1 polymorphism may in-
crease the risk of prostate cancer and
two other studies63,64 found a gene
environment interaction for CYP1A1
polymorphism and PCB exposure for
risk of breast cancer.

We also observed an elevated risk
of prostate cancer for the middle
concentration category of oxychlor-
dane compared to the lowest concen-
tration grouping. Although no breast
cancer studies19,26,60 identified oxy-
chlordane as a possible risk factor,
Hardell et al.33 found higher levels of
oxychlordane and trans-nonachlor to
be associated with an increased risk
of NHL with their effects being en-
hanced even more among cases with
higher antigen levels of the Epstein-
Barr virus. In our study, oxychlor-
dane and trans-nonachlor were
highly correlated (R � 0.86). This
makes sense given that oxychlordane
is a metabolite of chlordane and
trans-nonachlor is a component of
technical grade chlordane. As a re-
sult of these two OCPs being highly
related, only one could be in the
multivariate model at a time. Oxy-
chlordane appeared to be more sig-
nificantly associated with prostate
cancer than trans-nonachlor. Exami-
nation of the combined effects of
these two analytes revealed that the
risk estimates were not enhanced. At
this point, the mechanisms of toxic-
ity of agents such as oxychlordane
and PCB 180 are unclear but most

TABLE 4
Adjusted Odds Ratios of Prostate Cancer According to Lipid-Adjusted Serum
Levels of Organochlorines*

Organochlorines†
Case

n � 58 (%)
Control

n � 99 (%) Adj. OR* 95% Wald CI

Sum PCBs‡
� 0.029 24.1 33.3 1.00 –
0.030–0.064 36.2 33.3 1.36 0.56–3.32
�0.064 39.7 33.3 1.67 0.66–4.22

p,p�-DDE
� 0.180 34.5 33.3 1.00 –
0.181–0.340 25.9 33.3 0.72 0.31–1.71
�0.340 39.7 33.3 1.08 0.47–2.50

Dieldrin
Nondetectable 70.7 61.6 1.00 –
0.006–0.024 20.7 19.2 0.97 0.40–2.36
�0.024 8.6 19.2 0.28 0.09–0.88

Heptachlor epoxide
Nondetectable 75.9 65.7 1.00 –
0.006–0.021 12.1 16.2 0.58 0.21–1.64
�0.021 12.1 18.2 0.33 0.10–1.03

trans-nonachlor
� 0.025 20.7 31.3 1.00 –
0.026–0.043 48.3 34.3 1.96 0.83–4.66
�0.043 31.0 34.3 1.18 0.45–3.08

Oxychlordane
� 0.019 17.2 33.3 1.00 –
0.020–0.032 58.6 34.3 3.11 1.27–7.63
�0.032 24.1 32.3 1.23 0.42–3.55

PCB 153
� 0.027 24.1 32.3 1.00 –
0.028–0.045 44.8 34.3 1.76 0.76–4.07
�0.045 31.0 33.3 0.98 0.37–2.59

PCB 180
Nondetectable 46.6 61.6 1.00 –
0.009–0.041 31.0 18.2 3.13 1.33–7.34
�0.041 22.4 20.2 1.47 0.58–3.73

* Odds ratios adjusted for age, body mass index, and a history of prostatitis; presented for
organochlorines with at least 20% detectables in cases and controls.

† Units in �g/g.
‡ Includes: PCBs 18, 28, 99, 118, 138, 146, 153, 170, 180, 187, 194, 201.
PCBs, polychlorinated biphenyls.
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likely are not limited to hormonal
effects and may even include immu-
nomodulatory, genotoxic, or enzy-
matic/metabolic effects.

Our laboratory tested for 48 differ-
ent organochlorines, including 30
PCBs, a relatively large number in
comparison with most studies. Seven
of the organochlorines were detected
in at least 20% of controls which
included p,p�-DDE, dieldrin, hepta-
chlor epoxide, trans-nonachlor, oxy-
chlordane, and PCBs 153 and 180.
All but one control had detectable
levels of p,p�-DDE in our study, a
result consistent with all other such
studies. The median values for trans-
nonachlor and oxychlordane, two of
the three OCPs with the highest
percentage of detectables in this in-
vestigation, were similar to those
reported elsewhere among con-
trols.26,30,33,55,60 However, our se-
rum concentrations for most of the
other OCPs and PCBs were lower
than those reported in controls from
other investigations. This might be
explained by differences in the
LODs, the laboratory methods, or the
statistical handling of non-detectable
values. The technique used by our
laboratory was also cited in other
articles19,20,30 and our LOD was
lower than that reported in some of
the breast cancer studies.21,22,27,29

Other possible explanations for the
differences in levels between our
study and others include gender, geo-
graphical, and duration differences in

exposures. Many of the case-control
studies20,22,25,27–30,34,55 involved
participants from the eastern and
western coastlines of the United
States, including some from counties
of Superfund sites65 documented
with past contamination with PCBs
or pesticides. Interestingly, a breast
cancer study,19 conducted in Colum-
bia, Missouri, found, similar to our
investigation that many of the OCPs
and PCBs were below the LOD.

The main purpose of this pilot
study was to generate new hypothe-
ses. The sample size was small re-
sulting in the possibility of some true
differences in the populations being
missed. While a genotype-environ-
ment interaction such as with
CYP1A1 polymorphism might be a
possible explanation, the observed
non-linear dose response for oxy-
chlordane and PCB 180 might also
be due to the small sample size. We
included four men who had received
one dose of hormonal treatment prior
to their blood draw, which might
have affected their serum OCP and
PCB levels. However, conclusions
from analyses that excluded these
four cases were similar to those pre-
sented. In addition, although none of
the controls was symptomatic, be-
cause all controls were not screened
for prostate cancer at the time of
study enrollment, there is a possibil-
ity of latent or asymptomatic carci-
noma among controls. However,
based on follow-up data of prostate

cancer incidence among the controls,
none of the controls have been diag-
nosed with prostate cancer through
December 2002. Moreover, the re-
sults would be biased toward the null
if controls had latent prostate cancer
and yet in multivariate analyses, two
organochlorines were associated
with an increased risk of prostate
cancer.

Given the strong link between in-
flammatory states and carcinogene-
sis in other types of cancers, chronic
prostatitis has been suggested as a
possible cause for prostate can-
cer.4,66 In a recent meta-analysis67 of
eleven different case-control studies,
a significant association between
prostate cancer and prostatitis was
determined. However, it remains un-
clear as to whether prostatitis is a
cause or an effect of prostate can-
cer.68 In our study, a history of pros-
tatitis was found to be associated
with both prostate cancer status and a
few of the organochlorines including
PCB 180, suggesting that this factor
should be adjusted for in the analy-
ses.

BMI, tobacco or alcohol use, or a
history of STDs were not identified
as significant risk factors for prostate
cancer. Most epidemiologic studies
have generally not supported an as-
sociation of BMI, tobacco or alcohol
use with prostate cancer.4,5,69–71 It
has been suggested that smoking is a
stronger risk factor for prostate can-
cer mortality than for incidence and
that heavy alcohol consumption may
be required to produce an increased
risk.5,71 The median number of
drinks per day among our cases that
drank regularly for a year or more
was 1.7 (range 0.1–7.1), a value
much lower than the one suggested
as a risk factor by Dennis et al.71

Although several investigations have
noted an elevated prostate cancer
risk among individuals reporting
ever having an STD, many have
failed to reach statistical signifi-
cance.72 This was also observed
from our data (unadjusted OR � 2.1,
95% CI � 0.7–6.7). None of these
other possible risks was found to be a

TABLE 5
Multivariate Results of Risks for Prostate Cancer

Effect OR 95% Wald CI P Value

Prostatitis 3.44 1.30–9.13 0.01
Age* 1.01 0.96–1.06 0.70
BMI* 1.03 0.96–1.11 0.39
Oxychlordane† 0.02

0.020–0.032 vs � 0.019 2.76 1.10–6.95 0.03
�0.032 vs � 0.019 0.99 0.33–2.99 0.98

PCB 180† 0.05
0.009–0.041 vs ND 2.93 1.21–7.11 0.02
�0.041 vs ND 1.87 0.70–5.00 0.21

* OR estimates on a per-unit incremental effect.
† Lipid-adjusted data; units are �g/g.
BMI, body mass index; ND, nondetectable; PCB, polychlorinated biphenyl.
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confounder in the analyses involving
OCPs and PCBs.

Several case-control studies in-
volving at least 100 cases have found
that a family history of prostate can-
cer in a first-degree relative is asso-
ciated with an increased risk of pros-
tate cancer.73,74 However, it has been
estimated that only 5 to 10% of
prostate cancers are attributable to
hereditary factors possibly suggest-
ing the connection may be in shared
environmental factors.5,74 In this
study, approximately 5% more of the
cases reported a family history of
prostate cancer compared to controls,
with a larger difference noted in
those 60 years of age or younger
(OR � 2.4). The lack of statistical
significance for the association with
family history of prostate cancer is
most likely due to the previously
discussed sample size issue, which
was further decreased by unknown
responses among 9% of participants.
This result may also suggest a selec-
tion bias among controls with a
higher percentage of controls with a
family history of prostate cancer par-
ticipating in the study. However,
similar to the argument concerning
the effects of latent carcinomas, the
estimates regarding the association
between organochlorines and risk of
prostate cancer would most likely be
biased toward the null if some of our
controls are at increased risk of pros-
tate cancer. When a family history of
prostate cancer among first-degree
relatives was added to the multivari-
ate model, the OR estimates for the
other factors, including PCB 180 and
oxychlordane, remained similar to
those reported in Table 5.

In conclusion, our results support
the undertaking of larger investiga-
tions using serum levels as biomark-
ers of exposure to examine whether
specific OCPs and PCBs play a role
in the etiology of prostate cancer.
Much larger studies also would al-
low examination of this relationship
within certain occupations and in-
dustries that have been suggested to
be at increased risk for prostate can-
cer, such as farmers, metal workers,

nursery workers, and meat work-
ers.8,12,14,39,52,53,75 Besides pesticide
and occupational exposures, men
with increased levels of sex steroid
hormone levels such as testosterone
have been shown to have a higher
risk of prostate cancer.76 Unfortu-
nately, at this time, serum sex steroid
hormone levels and CYP1A1 poly-
morphism data were not available,
but in the future, we plan to relate
these values to the serum OCP and
PCB levels from this study.
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