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Introduction: Organochlorine insecticides (OCs) are a class of pesticides historically used
to control for insects in agriculture worldwide and that are still used in developing countries
today for the control of vector borne illnesses. OCs were mostly banned in the United States
in the 1970s and 1980s, with lindane and endosulfan having only been banned recently in
2006 and 2010, respectively. The strongest epidemiologic evidence for OC insecticide
exposures and cancers comes from occupational and population-based studies of
lymphohematopoietic cancers, specifically non-Hodgkin lymphoma (NHL). Many
population-based studies evaluating OCs have focused on breast cancer, but the majority
of these results have been inconsistent. While most epidemiologic studies of OCs have
included male pesticide applicators, few analyses have included female spouses of
pesticide applicators, warranting further research to examine the impact of OC exposures

on the risk of female-specific cancers. Female spouses of pesticide applicators may be



exposed to OC insecticides from their personal use (i.e., mixing/applying of pesticides),
and indirect exposure from non-occupational exposure pathways (i.e., agricultural drift,
take-home and residential use). The following projects will explore the impact of both
personal use and non-occupational exposures to seven OCs (i.e., aldrin, chlordane, dieldrin,
DDT, heptachlor, lindane and toxaphene), with risk of cancer among the Agricultural

Health Study (AHS) farm spouses (n=32,345).

Methods: My first aim is to conduct an epidemiologic analyses to examine associations
between the AHS farm spouses’ personal use of each of seven OCs with total and specific
cancers. My second aim is to characterize the AHS farm spouses’ non-occupational OC
exposures to each of the seven OCs by applying an active ingredient-specific exposure
algorithm recently developed by AHS researchers. My third aim is to conduct a second
epidemiologic analysis examining the associations between the AHS farm spouses’ non-
occupational exposures on their risk of developing breast cancer. Together, these aims will
elucidate the impact of exposures to seven individual OCs, through personal use and
multiple non-occupational exposure pathways, on the risk of cancer among the AHS farm

spouses.

Results: In the first aim, most cancers were not associated with OC use. Risk of glioma
was increased among users of at least one OC and specifically among lindane users.
Multiple myeloma was also associated with chlordane. There were also positive

associations between pancreatic cancer and lindane, and ER-PR- breast cancer and dieldrin.



The second aim identified an additional 1.2-10.0% of female farm spouses exposed to
individual OCs through individual non-occupational pathways. In addition, | captured
variability in OC exposure intensities among the AHS spouses, with ratios of the 75" to
25" percentiles ranging from 2.8 to 8.5. The agricultural drift and take-home pathway
estimates were highly correlated with each other across all OCs (rs > 0.98). The residential
use pathway was not correlated with either the agricultural drift nor take-home pathways
for chlordane or heptachlor (rs < 0.02), which were the only OCs with residential use. In
the third aim, most individual exposure pathways of individual OCs were not associated
with breast cancer overall or with ER+PR+ breast cancer. Toxaphene exposure through
the take-home pathway was associated with ER+PR+ breast cancer. Aldrin and toxaphene
exposures through the agricultural drift pathway were associated with overall and ER+PR+
breast cancers. Chlordane and heptachlor exposures through the residential use pathway
were associated with ER+PR+ breast cancer. Finally, overall non-occupational exposures

of aldrin, heptachlor and toxaphene were associated with ER+PR+ breast cancer.

Discussion: This dissertation has demonstrated that exposures to OCs through their
personal use and through non-occupational pathways may contribute to an increased cancer
risk among female farm spouses of pesticide applicators. Prior to this study, few analyses
have examined OC insecticide use and cancer risk among female spouses of pesticide
applicators. In addition, studies which have evaluated cancer associations with non-
occupational pesticide exposures have been limited by surrogate measurements,

unavailable questionnaire information, and non-specific biological markers. Furthermore,



the studies presented herein may help to inform future risk analyses of OC exposures and
cancer outcomes, as well as future exposure assessments of non-occupational OC

exposures among farm women.
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Chapter 1. An examination of organochlorine insecticide exposures and associated
cancer risks among the Agricultural Health Study (AHS) farm spouses
INTRODUCTION

Organochlorine (OC) insecticides are a class of cyclic hydrocarbon chlorinated
insecticides that have been historically used to control insects in agriculture and residential
settings worldwide and that are still used for the control of vector borne illnesses in
developing countries [1, 2]. Developed in the late nineteenth century, OCs came to
prevalence of use during World War 11 (WWII) for the prevention of vector borne illnesses
including, malaria, typhus, body lice, and the bubonic plaque. OC insecticides were later
introduced in the United States during the 1940s and were widely used throughout the
1960s [3], comprising 72% of total U.S. insecticide use [4]. Early studies raised concern
over their environmental persistence as well as potential adverse effects on wildlife and
human health [5-7]. As a result, most OC insecticides (e.g., aldrin, chlordane, chlordecone,
dieldrin, DDT, endrin, heptachlor, hexachlorocylcohexanes (HCH), methoxychlor, mirex,
pentachlororphenol (PCP), and toxaphene) were banned in the 1970s and 1980s [6, 8].
Lindane and endosulfan, the last remaining OC active ingredients, were banned for use in
the U.S. in 2006 and 2010 respectively [9, 10].

Although OC insecticides are no longer used in the United States, their derivatives
can remain in the environment for extended durations of time and have been designated as
persistent organic pollutants (POPs) [11]. Soil half-lives of DDT and its byproducts
dichlorodiphenyldichloroethylene (e.g., p,p'-DDE ) have been reported as ranging between

2 and 20 years [12], while in an aquatic environment the half-life of DDT is reported at



150 years [13]. Sources of human OC insecticide exposures include ingestion of
contaminated groundwater and food sources, past residential and occupational use, drift
from treated fields and take-home pathways [14]. OC insecticides are lipid-soluble and
have a propensity to biomagnify through the food chain, deposit into tissues of high fat
content [6] and have been known to persist in the human body for up to 50 years [12].
Levels of OC insecticides in human tissues generally increase as a person ages due to
cumulative environmental exposure [14].

Because of their persistence and bioaccumulation in humans, there is an interest in
understanding the impact of OC insecticides on human health and specifically human
cancer risk. Currently, the International Agency for Research on Cancer (IARC) classifies
fifteen OC insecticides with respect to their human carcinogenicity. Lindane and PCP [15]
have been classified as a human carcinogen (Group 1), dichlorodiphenyltrichloroethane
(DDT) [16, 17], aldrin and dieldrin[15], have been classified as probably carcinogenic to
humans (Group 2A). 2,4,6-trichlorophenol (TCP) [15], chlordane [18], chlordecone [19],
heptachlor [18], HCH [19], hexachlorobenzene (HCB) [18], mirex [19], and toxaphene
[18] have been classified as possible human carcinogens (Group 2B). Several others,
including endrin, and methoxychlor, were not classifiable with respect to carcinogenicity
(Group 3) at the time of their reviews [17, 18].

Evidence for associations between OC insecticide active ingredients and cancer has
come mainly from cohort and case-control studies of occupational exposures and
lymphohematopoietic cancers [20-27]. An occupational-based analysis from Sweden

found a significantly increased risk for multiple myeloma among farmers exposed to DDT



[26]. A population-based case-control study among white men from the U.S. Midwest
reported use of lindane as having significantly increased the risk of non-Hodgkin
Lymphoma (NHL) by 50% [21]. Based on questionnaire and blood plasma data, two
separate case-control studies from Canada found a statistically significant increased risk
for NHL with exposure to lindane and aldrin [22], as well as mirex [25] and derivatives of
lindane, DDT, and chlordane [25]. OCs and lymphohematopoietic cancers have also been
evaluated within the Agricultural Health Study (AHS) applicators [20, 24]. The most recent
analysis from this prospective cohort study demonstrated statistically significant increased
risks for NHL, with significant positive exposure-response trends for lindane and DDT
[20]. In further subtype analyses, lindane was also associated with follicular lymphoma,
while DDT was also associated with small cell lymphoma/chronic lymphocytic
leukemia/marginal cell lymphoma. These findings were among the first to suggest links
between DDT and lindane with NHL subtypes. A previous AHS study analysis also found
significantly increased relative risks for leukemia with chlordane and heptachlor use [24].
There is strong evidence that some OC insecticides, including lindane and DDT, cause
immunosuppressive effects in humans, as well as oxidative stress; these biological effects
are thought to possibly play a role in the development of lymphohematopoietic cancers
[16, 28].

Potential associations between OCs and hormonally-mediated cancers, particularly
female breast cancer, are of interest due to results of in vitro and animal studies that suggest
OCs are endocrine disrupting compounds that act as estrogen agonists or antagonists [29,

30]. Breast cancer has been the most frequently examined cancer with OC exposure;



however, the majority of findings have been inconclusive [16, 31]. In an early
epidemiologic study, Wolff et al. found a two to four-fold increased risk of breast cancer
among women with the highest serum DDE levels, with a positive trend with increasing
serum DDE [32]. However, a follow-up study with greater sample size found no evidence
for an association of breast cancer risk with serum DDE levels [33]. While two studies [34,
35] have suggested an association with dieldrin, other epidemiological studies of OC
exposures and breast cancer risk have found null or no positive statistically significant
associations [31, 36-42].

Similarly, an analysis of endometrial cancer did not observe statistically significant
associations with serum DDE, HCH, HCB, oxychlordane and alachlor [43]. No studies to
our knowledge thus far have investigated associations with ovarian or uterine cancers. It is
possible that a lack of statistical power or specific information on exposure to OC active
ingredients has prevented researchers from determining associations between OC
insecticide exposures and female-specific cancers. Nevertheless, the relationship between
OCs and hormonally-mediated cancers among women remains unclear.

A few other cancer sites have been evaluated for associations with OCs. According
to the IARC, the strongest evidence for associations with cancer at other sites comes from
case-control studies of liver and testicular cancers [44-48]. Several nested and population-
based case-control studies in China reported strong dose-related associations between
hepatocellular carcinoma (HCC) and serum DDT, p, p'-DDE, and B-HCH after adjustment
for potential confounders [44-46]. Another case-control analysis found statistically

significant associations with testicular germ cell tumors (TGCT) and prediagnostic serum



DDE and chlordane metabolites [48]. A more recent study in Norway found statistically
significant associations for metastatic prostate cancer with serum oxychlordane [47]. There
is also limited evidence for significant positive associations with OC exposures and cancers
of the prostate [49], skin (cutaneous melanoma) [24], lung [24], rectum [24], and pancreas
[50-52].

Most epidemiologic studies of OCs have included male pesticide applicators and
have had limited power for analyses among women. Female spouses of pesticide
applicators are a group with potential intermediate-level OC insecticide exposures due to
their personal use (i.e., mixing/applying of pesticides) [53], and indirect exposure from
non-occupational exposure pathways [54] (i.e., take-home [55], agricultural drift, [56-58]
and residential use [55]). Despite their potential higher exposure to OC insecticides relative
to the general population, only few studies have examined OC insecticide use and cancer
risk among spouses of pesticide applicators. A case-control study found no association with
DDT and alachlor for glioma [59]. Moreover, the authors did not examine additional OC
active ingredients or cancer sites, thus limiting this study’s scope. Several analyses from
the AHS have found positive, though not statistically significant, associations between
dieldrin [34] and heptachlor[60] used by pesticide applicators and breast cancer among
their female farm spouses. Further research is warranted to help elucidate the impact of
active ingredient-specific OC exposures on risks of female-specific cancers among this
group.

The following projects outlined below, examine of seven OC active ingredients

(i.e., aldrin, chlordane, dieldrin, DDT, heptachlor, lindane and toxaphene) on the risk of



cancer among the Agricultural Health Study (AHS) female farm spouses. The AHS is the
largest prospective cohort of agricultural pesticide exposures in the United States and
includes farm spouses (n=32,345) who are predominantly female and have been followed
for cancer incidence and mortality since initial enroliment in 1993-1997 [61]. Personal use
of seven OC active ingredients was collected for each AHS farm spouse using enroliment
questionnaires, which covered the time period of OC use in the United States [61]. In the
first aim | examine associations between the AHS farm spouses’ personal use of each of
the seven OC insecticides with total and specific cancers, with a particular emphasis on
lymphohematopoietic cancers and female-specific cancers. In the second aim | characterize
the AHS farm spouses’ non-occupational OC exposure to each of the seven OC
insecticides, by applying an active ingredient-specific exposure algorithm recently
developed by AHS researchers [62]. This algorithm was developed to assess the
contributions of the para-occupational, agricultural drift, and residential use exposure
pathways to total non-occupational pesticide exposure among the AHS farm spouses. In
the third aim | examine associations between the AHS farm spouses’ non-occupational
exposure on the risk of developing breast cancer and breast cancer subtypes. The specific
objectives of each aim are as follows:

Aiml. To examine the association between self-reported personal use of OC

insecticides and risk of developing specific cancers among the AHS female farm

spouses.

Aim 2. To characterize cumulative non-occupational exposures to OC insecticides

from the take-home, agricultural drift, and residential use exposure pathways
among the AHS farm spouses.



Sub-aim 2a. To examine the correlation between cumulative OC
insecticide exposure estimates in the AHS farm spouses from each non-
occupational exposure pathway and the aggregate of these three pathways.

Sub-aim 2b. To examine whether the cumulative exposure estimates from
each of the non-occupational pathways, and their aggregate, differs based
on the AHS farm spouses’ personal use of OC insecticide active ingredients.

Aim 3. To evaluate the impact of exposures to OC insecticides from non-
occupational pathways on the risk of developing breast cancer among the AHS farm
spouses.



Chapter 2. AIM 1. A prospective study of cancer risk among Agricultural Health Study
(AHS) farm spouses associated with personal use of organochlorine insecticides.
ABSTRACT

BACKGROUND: Organochlorine insecticides (OCs) have historically been used
worldwide to control insects, although most have now been banned in developed countries.
Evidence for an association between OC exposures and cancer predominantly comes from
occupational and population based-studies among men. | evaluated the association between
the use of specific OCs and cancer among the female spouses of pesticide applicators in
the Agricultural Health Study. METHODS: At enrollment (1993-1997), spouses of
private applicators in the cohort provided information about their own use of pesticides,
including seven OCs (aldrin, chlordane, dieldrin, DDT, heptachlor, lindane, and
toxaphene), and information on potential confounders. 1 used Poisson regression to
estimate relative risks (RRs) and 95% confidence intervals (Cls) for cancers (n>3 exposed
cases) reported to state cancer registries from enrollment through 2012 (North Carolina)
and 2013 (lowa), and use of the individual OCs, as well as use of any of the specific OCs.
RESULTS: Among 28,909 female spouses, 2,191 (7.58%) reported ever use of at least
one OC, of whom 287 were diagnosed with cancer. Most cancers were not associated with
OC use. Risk of glioma was increased among users of at least one OC (Nexposeda=11,
RR=3.52, 95%CI 1.72-7.21) and specifically among lindane users (Nexposed=3, RR=4.45,
95%CI 1.36-14.55). Multiple myeloma was associated with chlordane (Nexposed=6,
RR=2.71, 95%CI 1.12-6.55). Based on 3 exposed cases each, there were also positive

associations between pancreatic cancer and lindane, and ER-PR- breast cancer and dieldrin.



No other associations with breast cancer were found. CONCLUSIONS: Overall, there
were some associations with OC use and cancer incidence, however | was limited by the
small number of exposed cancer cases. Future research should attempt to expand on these
findings by assessing environmental sources of OC exposures, to fully evaluate the role of

OC exposures on cancer risk in women.
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INTRODUCTION

Organochlorine insecticides (OCs) are a class of chlorinated hydrocarbon
insecticides historically used worldwide in agriculture. Some are still used in some
developing countries [26, 27] for the control of vector borne illnesses [3, 6, 7]. OCs were
first introduced in the United States in the 1940s and were used widely in agriculture and
pest control through the 1960s. Due to their environmental persistence and ability to
bioacccumulate, most OCs were banned for use in the U.S. during the 1970s and 1980s.
Lindane and endosulfan were banned more recently in 2006 and 2010, respectively [8-10].
The International Agency for Research on Cancer (IARC) has reviewed the carcinogenicity
of fifteen OCs. Of these, lindane [16] and pentachlorophenol (PCP) [15] were classified as
Group 1, carcinogenic to humans; dichlorodiphenyltrichloroethane (DDT) [16], aldrin [15]
and dieldrin [15] as Group 2A, probably carcinogenic to humans; 2,4,6-trichlorophenol
(TCP) [15], chlordane [19], chlordecone [18], heptachlor [19], hexachlorocylcohexanes
(HCH) [18], hexachlorobenzene (HCB) [19], mirex [18], and toxaphene [19] as Group 2B,
possibly carcinogenic to humans; and endrin [18] and methoxychlor [18] classified as
Group 3, not classifiable as to their carcinogenicity to humans.

The strongest epidemiologic evidence for a link between OC exposures and cancer
risk comes from occupational and population-based studies of non-Hodgkin lymphoma
(NHL) [20, 22, 25-27, 63-65]. Previous analyses of licensed pesticide applicators in the
Agricultural Health Study (AHS) found significant positive exposure-response trends for
lindane and DDT use with NHL [20], and chlordane and heptachlor use with leukemia

[24]. In a pooled analysis of Canadian and U.S. based case-control studies, self-reported
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ever use of DDT was significantly associated with multiple myeloma (MM) [66]. The
strongest evidence for associations with cancer at other sites comes from case-control
studies of liver and testicular cancers [44-46, 48]. DDT, dichlorodiphenyldichloroethylene
(p, p' -DDE), and B-HCH have been associated with hepatocellular carcinoma [44-46], and
testicular germ cell tumors have been significantly associated with prediagnostic serum
DDE and chlordane metabolites [48]. There is also evidence for significant positive
associations with OC exposures and cancers of the prostate [49], skin (cutaneous
melanoma) [24], lung [24], rectum [24], and pancreas [50, 51]. An evaluation of pesticides
and glioma reported no association with OCs [67].

In addition, potential associations between OCs and hormonally-mediated cancers,
particularly female breast cancer, are of concern due to the endocrine disrupting properties
of OCs. [31, 32, 34-40, 68]. While two studies [34, 35] have suggested an association with
dieldrin, most studies are null [31, 36-41]. However, several reports provide evidence for
an increased risk of breast cancer in adulthood with early life exposure to OCs [69-72].
The one study of endometrial cancer found no associations with OCs overall [43]. No
studies to our knowledge have investigated associations with ovarian cancer. Although in
vitro and in vivo studies suggest OCs may act as estrogen agonists or antagonists [29, 30,
73, 74], the relationship between OCs and hormonally-mediated cancers among women
remains unclear. The specific objectives of this analysis were as follows:

Aiml. To examine the association between self-reported personal use of OC

insecticides and risk of developing specific cancers among the AHS female farm
Spouses.
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METHODS
Study population and follow-up

The AHS is a prospective cohort that includes licensed private pesticide applicators
(mostly farmers), and the spouses of private pesticide applicators residing in lowa and
North Carolina. The AHS has been previously described in detail [61]. Pesticide
applicators were recruited from 1993-1997 when obtaining a license to apply restricted-
use pesticides. Private pesticide applicators who reported being married at the time of
enrollment were given questionnaires to be completed by their spouses. The spouses
(n=32,345) of these private pesticide applicators are the focus of this study. The Spouse
Enrollment questionnaire elicited information on demographic and lifestyle factors, family
and personal medical histories, farm exposures, and agricultural activities, including the
application or mixing of specific pesticides. In addition, 60.0% of the spouses in this
analysis also completed the Female and Family Health questionnaire which focused on
reproductive health histories. The study protocol was approved by all relevant institutional
review boards. Study questionnaires are publicly available:

https://aghealth.nih.gov/collaboration/questionnaires.html.

Cancer incidence was assessed regularly via linkage with the North Carolina and
lowa state cancer registries. Mortality incidence was assessed through regular linkage with
state mortality registries and The National Death Index. Cancer sites were classified
according to the International Classification of Diseases for Oncology, 3™ revision (World
Health Organization). For NHL, | followed the Surveillance Epidemiology and End Results

(SEER) lymphoma coding scheme [75].


https://aghealth.nih.gov/collaboration/questionnaires.html
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Exposure Assessment and Questionnaires

Spouses of private pesticide applicators were enrolled in the AHS from 1993-1997,
during which time they reported their lifetime never/ever personal use of fifty pesticides
including past use of seven OCs (aldrin, chlordane, dieldrin, DDT, heptachlor, lindane and
toxaphene). For each pesticide, they were asked ‘During your lifetime, have you ever
personally mixed or applied [pesticide]? (Includes pesticides used for farm use,
commercial application and personal use in your home or garden)’. Participants who
indicated ever use of at least one of these seven OCs were classified as having personally
used ‘any OC’, whereas those who indicated never use of any of these OCs were classified
as never having personally used ‘any OC’. Otherwise, participants were considered to be
missing as to their ‘any OC’ use. In the following analysis, the term ‘any OC’ will be used
to refer to the ever personal use of at least one of these seven OCs.
Statistical Analysis

For this analysis | excluded, the 219 male spouses, women who were diagnosed
with cancer prior to study enrollment (n=905), those with zero or missing person years of
follow-up (n=161), and those missing information on use for all seven OCs (n=2,146),
leaving 28,909 female spouses in our analytic cohort. Relative risks (RR) and 95%
confidence intervals (95% CI) were calculated for risk of cancer among ever users,
compared to never users, using multivariable Poisson regression in SAS version 9.3 (SAS
Institute, Inc., Cary, N.C.). | evaluated all cancer sites with at least three exposed cases for
associations with each of the seven individual OCs and for the use of any OC as defined

previously. Person-time accrued from the date of study enrollment until date of death,
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cancer diagnosis, movement out of state or last study-follow-up (December 31, 2012 and
December 31, 2013 for North Carolina and lowa respectively), whichever was earliest. For
the evaluation of uterine and ovarian cancers, person-time was censored at the time of
hysterectomy or oophorectomy, where applicable.

All models were adjusted for age at enrollment (< 44 years, 45-54 years, 55-64
years, > 65 years), educational attainment (high school degree or less, some college or
college graduate, one or more years of graduate school), alcohol use (never, less than 1
drink per month, > 1-3 per month), cigarette pack-years smoked as reported at enroliment
(pack-year quartiles: Never, < 6.75, 6.751-16.75, > 16.751), and state of residence (Iowa
or North Carolina). | considered the following additional confounders: BMI, race, family
history of cancer, and ever use of any pesticide, but did not include them in our final models
as they did not appreciably alter our results by > 10%. For all cancer sites, mutually
adjusting for individual non-OC and OC pesticides that were correlated at p>0.4 (i.e. aldrin
and dieldrin (p=0.43), aldrin and heptachlor (p=0.42)) did not appreciably change our
results and these adjustments were not included in our final models. Moreover, because
dieldrin is also a biological metabolite of aldrin, | performed sensitivity analyses where
‘dieldrin metabolite’ (i.e. those farm spouses who personally used either aldrin or dieldrin)
was modeled as the exposure. However, these analyses did not significantly alter our
existing aldrin and dieldrin results and were not included in our final analyses.

Additionally, 1 examined potential confounders known to be associated with
specific cancer sites, such as total meat consumption (colon, rectum, stomach), sun

sensitivity (melanoma), asbestos exposure (lung), autoimmune disorders, exposure to
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livestock and poultry, and benzene exposure (lymphohematopoietic cancers); adjusting for
these specific cancer-related covariates did not alter our results and were not included in
our final models. All OC-exposed brain cancer cases were glioma subtypes; thus, | report
associations here for glioma only. Breast cancers were examined overall, as well as by
estrogen receptor (ER) and progesterone receptor (PR) status, where available. Female
health and reproductive covariates at enrollment were also examined, with respect to
breast, ovarian and uterine cancer, and included the following: menopausal status, ever use
of oral contraceptives, ever use of estrogen-based hormone replacement therapy, ever use
of progestin-based hormone replacement therapy, age at menarche, and parity. These
female reproductive covariates did not appear to significantly alter our results and thus
were not included in our final models. Due to a lack of questionnaire information
availability, I was unable to assess age at first live birth as a potential covariate. | conducted
stratified analyses by several female health covariates, including menopausal status at
enrollment (yes/no), ever use of oral contraceptives at enrollment (yes/no), ever use of
hormone replacement therapy at enrollment (yes/no) and age at first menarche (< 12 years
or below, > 12 years). Due to the small number of nulliparous women (n=294), | was unable

to evaluate risks among nulliparous women.
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RESULTS

From enrollment through 2012/2013, the 28,909 female spouses contributed a total
of 502,895 person-years of follow-up (Mean=16.19 standard deviation +/- 3.8). Overall,
15,112 (52.3%) reported ever using any pesticide (data not shown), and 2,191 (7.6%)
reported ever use of any of the seven OCs included in the enrollment questionnaire. The
most commonly reported OCs were chlordane (4.1%), DDT (3.55%) and lindane (1.5%),
with less than 1% of participants reporting ever use of aldrin, heptachlor, toxaphene and
dieldrin (Table 1). Among women who reported using any OC, 718 (32.8%) reported use
of more than one OC. Ever OC users tended to be older, have higher BMIs, be from lowa,
and have a higher educational level than OC non-users. They were also more likely to have
reported a family history of cancer, grown up on a farm, used oral contraceptives, and have
an earlier onset of menarche. Additionally, 77.5% of OC users completed the Female and

Family Health Questionnaire versus 60.5% of never OC users.



Table 1. Select characteristics of AHS farm spouses at enrollment with OC insecticide
personal use information (n=28,909)."

Any OC Use'
NEVER EVER

N=26,718 %  N=2,191 % p Value®
Age at enrollment
<44 13,153 49.23 447 20.40 <.0001
45-54 6,677 24.99 771 35.19
55-64 4,823 18.05 731 33.36
> 65 2,065 7.73 242 11.05
Race
White 26,164 97.93 2178 99.4  <.0001
Other 510 1.91 8 0.37
Missing 44 0.16 5 0.23
State of Residence
North Carolina 8,739 32.71 632 28.85  0.0002
lowa 17,979 67.29 1,559 71.15
Educational Attainment
High School or less 13,905 52.04 1102 50.3  0.0015
Some College or College Graduate 8,662 32.42 679 30.99
1 or more years of Graduate School 3,833 14.35 378 17.25
Missing 318 1.19 32 1.46
Body Mass Index
0-24.99 11,756 40.67 902 41.17  <.0001
25.00-29.99 7,448 25.76 717 32.72
>30.00 4,298 14.87 440 20.08
Missing 3,216 11.12 132 6.02
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Table 1 Continued. Select characteristics of AHS farm spouses at enrollment with OC
insecticide personal use information (n=28,909).”

Alcohol

Never 12,042 45.07 939 4286  0.2371
less than once/month 7,099 26.57 603 27.52

> 1-3 times per month 1,277 27.24 621 28.34

Missing 300 1.12 28 1.28

Cigarette Smoking (Pack-years)

Never Smoker 18,820 70.44 1,493 68.14 0.0003
<6.75 3,544 13.26 294 13.42
6.751-16.75 1,752 6.56 127 5.80

>16.751 1,700 6.36 186 8.49

Missing 902 3.38 91 4.15

Family History of Cancer

No / Missing 13,949 52.21 949 4331 <.0001
Yes 12,769 47.79 1242 56.69

Grew up on a farm

No 10,913 40.85 534 24.37  <.0001
Yes 15,579 58.30 1,643 74.99

Missing® 226 0.85 14 0.64




Table 1 Continued. Select characteristics of AHS farm spouses at enrollment with OC
insecticide personal use information (n=28,909)."

Menopause at Enrollment

No 8,922 33.39 534 24.37 <.0001

Yes 6,777 25.36 1,127 51.44

Unsure 245 0.92 22 1.00

Missing® 10,774 40.32 508 23.19

Number of Live Births

0 235 0.88 29 1.32 <.0001

lor2 7,216 27.01 688 31.40

>2 7,526 28.17 887 40.48

Missing® 11,741 43.94 587 26.79

Oral Contraceptive Use

Never 4,236 15.85 576 26.29 <.0001

Ever 11,722 43.87 1,106 50.48

Missing® 10,760 40.27 509 23.23

Age of first menarche

12 years or less 7,099 26.57 788 35.97 <.0001

13 years 4,851 18.16 493 225

14 years or greater 3,855 14.43 398 18.17

Missing® 10,913 40.85 512 23.37

OC Insecticides

Overall OC (Any OC) - - 2,191 7.58 -
Chlordane - - 1,196 4.13 -
DDT - - 1,028 3.55 -
Lindane - - 430 1.47 -
Aldrin - - 235 0.81 -
Heptachlor - - 222 0.77 -
Toxaphene - - 203 0.70 -
Dieldrin - - 105 0.36 -

* Excluded: n=2,146 with missing information for personal use of all OCs; n=905 female spouses

diagnosed with cancer prior to enroliment; n=219 male spouses; n=161 with missing or 0 person-

years of follow-up leaving a total n=28,909 female farm spouses

L Ever use of any of the seven OC insecticides

*Chi Square test for homogeneity

$ From Female & Family Health Questionnaire responses

AHS, Agricultural Health Study; RR, relative risks; OC, organochlorines.
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Any OC use was significantly associated with an increased risk of glioma
(Nexposea=11; RR=3.52, 95% CI 1.72 to 7.21) (Table 2). Lindane use was significantly
associated with an increased risk of glioma (Nexposed=3, RR=4.45 95% CI 1.36 to 14.55)
and pancreatic cancer (Nexposes=3, RR=3.70 95% CI 1.15 to 12.0). Use of any OC was also
associated with non-significantly elevated risks of stomach cancer (Nexposes=5, RR=2.61,
95% CI1 0.96 to 7.11), and colon cancer (Nexposea= 28, RR=1.19, 95% CI 0.80 to 1.75).

Although chlordane use (Nexposes=6, RR=2.71, 95% CI 1.12 to 6.55) was
significantly associated with an increased risk for MM, any OC use (Nexposed=8, RR=2.01,
95% CI 0.91 to 4.42) and DDT use (Nexposea=4, RR=1.75, 95% CI1 0.61 to 5.01) were non-
significantly associated with an increased risk of MM (Table 2). There were also several
suggestive associations for lymphohematopoietic malignancies. Any OC use was non-
significantly associated with an increased risk for NHL overall (Nexposed=28, RR=1.23, 95%
C10.82 to 1.83). Similarly, use of chlordane (Nexposea=17, RR=1.30, 95% CI 0.82 to 2.22),
DDT (Nexposea=17, RR=1.35, 95% C1 0.81 to 2.22), and lindane (Nexposea=6, RR=1.60, 95%
C10.71 to 3.60) were also non-significantly associated with increased risks in NHL. | had
limited power for NHL subtype analyses. However, all 28 OC exposed cases were B-cell
lymphomas. Among women who reported any OC use, there were eight MM cases and six
diffuse large B-cell lymphoma (DLBCL); no other B-cell subtype had more than four
exposed cases.

| also evaluated hormone-mediated cancers including ovarian, uterine, and breast
(see Table 2). No significant associations were found for any OC use or for use of the seven

individual OCs and uterine or ovarian cancers. Similarly, I found no association between
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any OC use or for use of the seven individual OCs and breast cancer. In analyses of breast
cancer subtype, there was a statistically significant elevated association between dieldrin

use and ER-PR- breast cancer (Nexposes=3, RR=3.55, 95% CI 1.12 to 11.18).



Table 2. RR and Cls” for ever versus never use of OC insecticides, for all cancer sites.*

Any oc! Chlordane DDT Lindane
Niotal |Nexposed RR  95% Cl |Negposeda RR  95% Cl [Negoses RR - 95% CI [Neposes RR - 95% Cl
All Cancer Sites® 3,204 287 0.96 0.85-1.08 [ 160 099 084-1.16 [ 158 098 083-115( 46 091 0.68-1.22
SOLID TUMORS
Bladder 103 4 064 0.23-1.77 1 _ _ 3 0.83  0.26-2.67 1 _ _
Colon 236 28 119 0.80-1.75 18 142 0.87-2.32 16 117  0.70-1.95 3 079  0.25-2.49
Glioma 44 11 352 1.72-7.21 4 181 0.64-5.12 2 _ _ 3 445 1.36-14.55
Kidney 71 6 089 0.38-2.08 3 085 0.26-2.72 5 141 0.56-357 0 _ _
Lung 203 15 0.70  0.41-1.20 10 090 047-1.71 10 0.84  0.44-1.59 2 _ _
Melanoma (cutaneous) 145 12 1.08  0.59-1.97 4 0.63 0.23-1.72 5 0.88 0.36-2.18 2 _ _
Pancreas 55 7 133  0.59-2.97 3 103  0.32-3.34 1 _ _ 3 3.70 1.15-12.0
Rectum 69 8 127 0.60-2.70 6 180 0.77-421 6 179 0.76-4.22 0 _ _
Stomach 26 5 261 096-7.11 1 _ _ 3 264 0.76-9.15 1 _ _
Thyroid 54 5 066 0.26-1.63 4 097 0.36-2.67 1 _ _ 0 _ _
LYMPHOHEMATOPOIETIC MALIGNANCIES
NHL* 233 28 1.23 0.82-1.83 17 1.35 0.82-2.22 17 1.35 0.81-2.22 6 160 0.71-3.60
Multiple Myeloma| 42 8  2.01091-442 6 271 1.12-6.55 4 175061501 1 _ _
DLBCL? 56 6 1.09 0.46-2.58 4 1.38 0.49-3.85 4 1.31 0.47-3.67 2 _ _
Follicular Lymphoma 49 4 0.86 0.3-2.43 2 0.74 0.18-3.09 2 0.78 0.19-3.24 0 _ _
CLL/SLL? 39 4 1.29 0.86-1.93 1_ _ 4 1.42 0.86-2.34 2 _ _
Myeloid Leukemia 34 4 1.26 0.44-3.65 3 1.82 0.55-6.09 3 1.66 0.49-5.56 0 _ _
FEMALE SPECIFIC SITES
Breast 1,214 99 0.89  0.72-1.09 56 093 0.71-1.22 52 0.89 067-1.18 17 0.88  0.54-1.42
ER+PR+| 736 64 094 073123 36 098 070-1.37 | 33 093 0.65-1.33 9 0.75  0.39-145
ER-PR-| 202 15 0.82  0.48-1.40 9 090 0.46-1.76 7 0.76  0.36-1.63 4 122 045-3.30
ER+PR-| 125 8 065 0.32-1.35 5 0.78 0.32-1.92 4 061 0.22-1.67 2 _ _
Ovarian 106 9 0.65 0.30-1.61 7 105  0.40-2.89 5 0.77  0.20-2.46 2 _ _
Uterine 276 20 083  050-1.32 10 0.80  0.40-1.50 10 0.82  0.42-1.56 2 _ _




Table 2 Continued. RR and Cls” for ever versus never use of OC insecticides, for all cancer sites.*

Aldrin Heptachlor Toxaphene Dieldrin
Niotal |Nexposed RR 95% CI |Ngposea RR 95% CI |Neposea RR 95% CI |Nexposed RR 95% CI
All Cancer Sites® 3,204 41 112  0.82-1.53 36 1.06 0.76-1.48 29 1.05 0.73-1.52 17 1.02 0.63-1.65
SOLID TUMORS
Bladder 103 0 _ _ 0 _ _ 1 _ _ 0 _ _
Colon 236 6 173 0.76-3.91 4 124  0.46-3.36 3 131 042412 4 241  0.89-6.53
Glioma 44 1 _ _ 2 _ _ 2 _ _ 0 _ _
Kidney 71 1 _ _ 0 _ _ 2 _ _ 0 _ _
Lung 203 2 _ _ 1 _ _ 5 213 0.87-5.21 2 _ _
Melanoma (cutaneous) 145 3 220 0.69-7.02 3 240 0.75-7.64 1 _ _ 1 _ _
Pancreas 55 1 _ _ 1 _ _ 0 _ _ 0 _ -
Rectum 69 1 _ _ 1 _ _ 1 _ _ 0 _ _
Stomach 26 1 _ _ 0 _ _ 0 _ _ 0 _ _
Thyroid 54 1 _ _ 1 _ _ 0 _ _ 0 _ _
LYMPHOHEMATOPOIETIC MALIGNANCIES
NHL* 233 1 _ _ 3 1.03 0.33-3.24 3 149  0.48-4.68 0 _ _
Multiple Myeloma 42 0 _ _ 1 _ _ 1 _ _ 0 _ _
DLBCL?| 56 0 _ _ 1 _ _ 1 _ _ 0 _ _
Follicular Lymphoma 49 0 _ _ 1 _ _ 0 _ _ 0 _ _
CLL/SLL®| 39 1 _ _ 0 _ _ 1 _ _ 0 _ _
Myeloid Leukemia 34 0 _ _ 1 _ _ 0 _ _ 0 _ _
FEMALE SPECIFIC SITES
Breast 1,214 11 0.88  0.48-1.59 11 093 0.51-1.68 5 049 0.20-1.18 6 106 048-2.38
ER+PR+ 736 8 1.00 0.50-2.02 8 105 0.52-211 2 _ _ 3 0.83 0.27-2.60
ER-PR- 202 2 _ _ 2 _ _ 1 _ _ 3 355 1.12-11.18
ER+PR- 125 0 _ _ 0 _ _ 1 _ _ 0 _ —
Ovarian 106 2 _ _ 2 _ _ 1 _ _ 1 _ _
Uterine 276 4 150 0.60-4.06 3 112 040-351 2 _ _ 1 _ _

*n 2 3 exposed cases

LEver use of any of the seven OC insecticides
2DLBCL: diffuse large B-cell ymphoma

3 CLL/SLL: chronic lymphocytic leukemia/small lymphocytic lymphoma

Abbreviations: AHS, Agricultural Health Study; RR, relative risks; OC, organochlorines;

ER, estrogen receptor; PR, progesterone receptor.

Significant Findings are listed in boldface
£ All NHL subtypes consisted of B-cell Lymphomas
$Inclusive of all reported cancer sites

* Adjusted for age, education, state of residence, pack-years smoked,

and alcohol consumption
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DISCUSSION

In this study, | prospectively evaluated associations between the reported personal
use of individual OCs and incident cancers in a population of female farm spouses.
Although the numbers of exposed cases were small, | observed statistically significant
increased risks for use of individual OCs insecticides and several cancers, including any
OC use and glioma, lindane use and glioma and pancreatic cancer, chlordane use and MM,
and dieldrin use and ER-/PR- breast cancer.

In addition to chlordane, MM was non-significantly associated with any OC use
and with DDT specifically. These associations are consistent with previous findings [20,
22, 23, 25, 26, 66]. The definition of NHL used in our study is based on the most recent
lymphoma classification system, which includes MM as a subtype of NHL [75], whereas
most previous studies relied on earlier classifications which considered MM separately. A
previous population-based case-control study found non-significant positive associations
of ever handling (mixing or applying) aldrin, DDT, or lindane with MM [76]. A pooled
analysis of U.S. and Canadian case-controls studies found that DDT use was significantly
associated with MM [66]; cumulative exposure to DDT, as measured by lifetime-days of
use, was also significantly associated with an increasing risk trend for MM. Although not
significant, in the current study, chlordane use was also positively associated with NHL
and myeloid leukemia, DDT use was positively associated with NHL and myeloid
leukemia, and lindane use was positively associated with NHL. There is evidence that some

OCs, including lindane and DDT, cause oxidative stress and immunosuppressive effects,
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and that these mechanisms possibly play a role in the development of lymphohematopoietic
cancers [16, 28, 77-79]

| observed no significant association with Any OC use and breast cancer overall.
Although some studies have reported an increased risk of breast cancer among women
exposed to OCs during critical developmental windows in early life [70-72], our findings
are consistent with most other studies that also did not evaluate timing of exposure [16,
31, 32, 34-41]. Although 1 did not have information on timing of exposure, | conducted
sensitivity analyses using year of birth as a surrogate for the potential for exposure during
critical developmental periods. OCs were first registered in 1948, therefore | assumed
women born before 1936 would not have any OC exposures prior to menarche. When 1
restricted analyses to women born after 1936, the RR for breast cancer and any OC use was
1.22 (0.94-1.59) (n=61 exposed cases) although the interaction was not significant
compared to 0.84 (0.60-1.18) (n=38 exposed cases) among women who were born prior to
1936. An early study by Wolff et al. found a two- to four-fold increased risk of breast
cancer among women with the highest serum DDE levels, with a positive trend with
increasing serum DDE [32]. However, a follow-up study with a larger sample size found
no evidence for an association of breast cancer risk with serum DDE levels [33]. Additional
studies of breast cancer and OC exposures have examined associations with mirex, HCB,
and chlordane; most of these studies also reflected null or inconclusive findings [36, 39,

42, 80, 81].

| did however see an association between dieldrin use and ER-/PR- breast cancer

based on only 3 exposed cases. Two previous studies reported positive associations with
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dieldrin use and breast cancer overall. The first, a Danish case-control study found a
significant dose-related increased risk of breast cancer among women and increasing serum
concentrations of dieldrin [35]. Additionally, a previous study of AHS farm spouses found
evidence for a significant increased risk of breast cancer overall among women who never
personally used dieldrin, but whose husbands did personally apply the pesticide [34]. This
study was unable to assess associations between the wives’ personal use of dieldrin and
breast cancer due to the low number of dieldrin exposed breast cancer cases. Our current
analysis includes 60 more OC exposed cases and thirteen additional years of follow-up
than this previous analysis [34], and was sufficiently powered to examine breast cancer
subtypes. Few epidemiologic studies have examined associations between OC exposures
and breast cancer subtypes [71, 82-84], and most have not found positive associations with
ER-negative breast cancers. In vitro and animal studies have suggested that dieldrin, DDT,
endosulfan, HCH, and toxaphene have the potential to elicit tumor promoting effects
mediated through the induction of ER, androgen receptor and aromatase activities [30, 73,
74, 85, 86]. Given this body of literature and the small number of dieldrin exposed ER-PR-
breast cancer cases, our positive finding warrants further investigation. Overall, | do not
see strong evidence of an association between use of an individual OC and breast cancer,

consistent with the existing epidemiologic literature.

Aldrin use was associated with a non-statistically significant elevated risk for
uterine cancer based on four exposed cases. Only one case-control study has examined OC
exposures and endometrial cancer; no statistically significant associations were observed

with several OC derivatives including DDE, oxychlordane, HCH, and HCB [43]. Very few
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occupational studies have examined the relationship between endometrial cancer and
exposure to other OC compounds, including polychlorinated biphenyls (PCBs) [87-89] and
the majority of these studies’ findings were null. To our knowledge, this is the first
prospective study to examine the relationship between personal use of specific OC
insecticides and uterine cancer.

Any OC use and lindane specifically were associated with risk of glioma. While |
lacked sufficient power for further subtype analyses, the OC-exposed glioma cases
consisted of glioblastomas (n=7), an astrocytoma (n=1), an oligodendroma (n=1), and
mixed gliomas (n=2). Previous studies of male farming populations have found some
evidence for an increased risk of glioma with associated pesticide use [90-92]. However,
studies examining associations between glioma and pesticide exposures among women, in
agricultural populations, have provided inconsistent results. In an earlier case-control study
of central nervous system cancers among women across twenty-four U.S. states, increased
risks were found for women generally exposed to herbicides, insecticides, or fungicides
[93]. An analysis of occupational risk factors for glioma found significantly increased risks
among women involved in occupations in agricultural services and farming, though this
analysis did not examine exposures to specific pesticides [94]. However, a case-control
analysis of women in Nebraska found no association between individually evaluated OCs
(i.e. aldrin, chlordane, DDT, dieldrin, heptachlor and lindane) and brain cancer [90].
Similarly, in a case-control analysis of women in the Midwest, no association was found
for gliomas and the personal application of pesticides including OCs [59]. Mechanisms of

action for OC-induced gliomas have not been proposed; however, in vitro studies have
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found that neurotoxic effects induced by the interaction of OCs with ER-mediated
signaling pathways may play a role [95].

The increased risk of pancreatic cancer associated with lindane use in our study was
based on only three exposed cases. Some studies have shown significant increased risks
for pancreatic cancer with occupational DDT exposure [50, 51] and significantly higher
levels of DDT exposure among pancreatic cancer cases versus controls [51]. However, a
previous AHS study found no evidence for an increased risk of pancreatic cancer with the
OCsaldrin, DDT, heptachlor or toxaphene [52]. The aforementioned study did not evaluate
risk estimates among the spouses only, but examined combined risk estimates among the
applicators and their spouses. Furthermore, a lack of exposed cases prohibited the
insecticide-specific evaluation of chlordane, dieldrin and lindane. To our knowledge, no
other studies have evaluated OC use and pancreatic cancers among women.

Strengths of our study include the prospective longitudinal design with little loss-
to-follow-up, questionnaire information on the use of specific OCs, and regular assessment
of cancer incidence and mortality via linkage with state registries. The AHS also has
detailed information on many possible confounders. Most previous studies of OC
exposures and cancer, except for studies of DDT and breast cancer [16, 31, 32, 36, 37, 40,
68, 96] have primarily focused on occupationally-exposed men [20, 21, 23-26, 44, 48, 65,
76]. Our study examined the personal use of DDT, and other specific OCs, in a population
of farm women. Few studies have evaluated personal use of specific OCs. While breast
cancer has been the most widely studied cancer with respect to OCs, in particular DDT, no

studies thus far have prospectively studied OCs and other hormone-mediated cancers.
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Limitations of this analysis include the small number of cases exposed to specific
OCs and lack of information on duration, time period, and intensity of OC use. While | had
a low response rate of the female and family health questionnaire, our reported results and
final models were based solely on information collected from the spousal enrollment
questionnaire. Questionnaire information was collected at study enrollment (1993-1997),
thus changes in individual characteristics (i.e. menopausal status, smoking) since
enrollment were not captured in this analysis. In addition, most OCs examined in this
analysis have been banned for use in the United States since the 1970s. Because OCs have
long half-lives and are known to persist in the environment and human body for long
periods of time [3, 6, 7], exposure to OCs through environmental exposure pathways may
also contribute to lifetime cumulative exposure. This could be particularly important in

farm situations where OCs may have been used in the past.
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CONCLUSIONS

| observed significant increased risks for some cancers associated with individual
OC insecticides. Despite the large size of the cohort, the numbers of exposed women and
cancer cases were small for most cancer sites of interest. While some of our findings are
consistent with previous findings, results need replication with longer follow-up time in
other studies. Due to the environmental persistence of OCs, future research should attempt
to expand on these findings by assessing environmental sources of OC exposures in order

to fully evaluate the role of OC exposures on cancer risk in women.
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Chapter 3. Aim 2. A characterization of non-occupational OC exposures among the
Agricultural Health Study female farm spouses

ABSTRACT

BACKGROUND: Women living in agricultural areas may be exposed to pesticides via
multiple pathways including occupational exposures from personal use of pesticides on the
farm, as well as non-occupational exposures, such as from their husband’s pesticide
activities and from living in close proximity to treated fields. For the first time, | applied a
newly developed quantitative active ingredient-specific algorithm to capture cumulative
non-occupational OC exposures for female farm spouses of pesticide applicators enrolled
in Agricultural Health Study (AHS) prospective cohort. METHODS: This previously
developed algorithm calculates exposure for three non-occupational pathways of exposure:
take-home, agricultural drift and residential pesticide use. Each equation incorporates
subject-specific questionnaire information and data-driven quantitative weights derived
from published pesticide dust concentrations. In the present analyses, these equations were
applied to the study population to obtain exposures estimates for the three pathways for 7
OCs. The residential use pathway was applied to chlordane and heptachlor only. The
pathway estimates were then summed together for an overall non-occupational exposure
estimate for each OC. Median and IQRs of non-zero OC exposure estimates were
calculated overall and stratified by the spouses’ personal use of seven individual OCs
(aldrin, chlordane, dieldrin, DDT, heptachlor, lindane and toxaphene). Spearmen rank
correlations were calculated between the exposure estimates for the three non-occupational

pathways and their sum. RESULTS: | identified an additional 1.2 - 10.0% (379 - 2,776)
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female farm spouses exposed to individual OCs through non-occupational pathways than
when compared to exposure through their personal use alone. In addition, | captured
variability in OC exposure intensities among the AHS spouses, with ratios of the 75" to
25" percentiles ranging from 2.8 to 8.5. The take-home and agricultural drift pathways
were highly correlated with each other across all OCs (rs > 0.98), while the residential use
pathway was not correlated with either the agricultural drift nor take-home pathways for
chlordane or heptachlor (rs < 0.02). CONCLUSIONS: | identified an increase in
prevalence of OC exposures through non-occupational paths, compared to exposure
through the spouse’s personal use alone. In addition, | captured variability in OC exposure
intensities among the spouses. This exposure characterization represents an improvement
of previous studies of pesticide exposure estimates, which relied solely on direct pesticide
use or surrogate metrics to estimate non-occupational exposures. Furthermore, this first
application of the algorithm allows us to better characterize relative OC exposure
differences among the spouses thereby reducing exposure misclassification in future

etiologic analyses of the AHS spouses.
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INTRODUCTION

In the previous chapter, the impact of OC insecticides on cancer risk was examined
among farm spouses of the Agricultural Health Study (AHS). However, this analysis only
considered the spouses’ personal use of seven OCs (i.e. aldrin, chlordane, dieldrin, DDT,
heptachlor, lindane and toxaphene) and did not consider their potential exposures from
non-occupational exposures arising from their husband’s pesticide application activities.
According to a recent literature review [1], non-occupational exposures including take-
home exposures, agricultural drift and residential use have been found to increase pesticide
concentrations of house dust of residences in North American agricultural areas. In this
review, take-home exposure pathways were defined as the introduction of pesticides into
the home from the skin, clothes and shoes of applicators who use or have contact with
pesticides at work. Agricultural drift was defined as the transport of pesticides to non-
treatment sites at the time of application (i.e. primary drift), and the volatilization and
movement of pesticide residues from soil and plants or the movement of pesticide-laden
dust or soil by wind after the time of application (i.e. secondary drift). Residential use of
pesticides was defined as the application of pesticides to the home, lawn, or garden or pets
for insects and weeds.

While occupational use of pesticides is expected to be the largest contributory
pathway to pesticide exposures among applicator populations [54], farm spouses are
exposed to pesticides primarily through their personal use or from non-occupational
pathways [54]. A failure to account for non-occupational pathways of exposure for these

women may increase exposure misclassification and reduce power to detect associations if
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they exist. It is therefore important to consider pesticide exposures from both occupational
and non-occupational sources of OC exposures among the farm spouses, to fully evaluate
the role of OC exposures on cancer risk among women.

Within the AHS, systematically classifying non-occupational exposures was
recently made possible with the development of an exposure algorithm that accounts for
the contributions of these three non-occupational pesticide exposure pathways for the AHS
farm spouses [97, 98]. This deterministic model provides for the first time, active
ingredient-specific, quantitative estimates of cumulative lifetime pesticide exposures that
capture daily exposure across the adult life of the AHS farm spouses from the time of their
marriage to their pesticide applicator-husbands [98]. Each pathway equation in this
algorithm incorporates participants’ questionnaire responses on farm and home activities
and measurement-based weights from a meta-regression analysis of published pesticide
concentrations in house dust of homes in agricultural areas (Ktake-home, Karift, Kres) [2]. These

equations are described in more detail in the following methods section.
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The first application of this algorithm, to quantify these exposure routes for OCs
for this unique population, represents an essential improvement over previous approaches
which focused solely on direct pesticide use or were based on surrogate metrics to
estimate non-occupational pesticide exposures among farm women. The specific
objectives of this analysis were as follows:

Aim 2. To characterize cumulative non-occupational exposures to OC insecticides

from the take-home, agricultural drift, and residential use exposure pathways

among the AHS farm spouses.
Sub-aim 2a. To examine the correlation between cumulative OC
insecticide exposure estimates in the AHS farm spouses from each non-
occupational exposure pathway and the aggregate of these three pathways.
Sub-aim 2b. To examine whether the cumulative exposure estimates from

each of the non-occupational pathways, and their aggregate, differs based
on the AHS farm spouses’ personal use of OC insecticide active ingredients.
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METHODS

Algorithm Overview

The recently developed non-occupational exposure pathway algorithm was created
by AHS researchers to quantify the contributions of the take-home, agricultural drift, and
residential use exposure pathways to total non-occupational pesticide exposure among the
AHS farm spouses [62]. In this algorithm, cumulative pesticide exposures were separately
estimated for each of the three exposure pathways (Etake-home,ai, Edriftai, Eresai,) and then
aggregated together for an overall estimated exposure intensity weighted value (Enon-occ,ai)
(Figure 1). Subject-specific differences in pesticide exposures were identified from detailed
questionnaire responses of the AHS farm spouses and their respective applicator-husbands,
and included information on their pesticide use, farming characteristics and other activities
performed. Meta-regression mixed-effects models of published pesticide dust
concentrations were used to derive data-driven quantitative weights for the relative
contribution of each of the three pathways (Ktake-home, Karift, Kres) [97].

In the non-occupational algorithm, the take-home exposure estimate (Etake-home,ai)
was estimated to be a function of the farm spouses’ time at home and the number of days
and years of pesticide use by their respective applicator-husband while cohabitating
(Equation 1). The agricultural drift exposure estimate (Edriftai) Was estimated to be a
function of the distance between the spouses’ homes and treated fields, and the days and
years the applicator-husband applied that active ingredient while cohabitating (Equation
2). Lastly, the residential use exposure estimate (Eres,ai) Was estimated to be a function of

the combined contributions of multiple home pest treatments, while cohabitating, and the
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probability that the active ingredient was used in the treatment (Equation 3). Each equation
included data-driven gquantitative weights for the relative contribution of each of the three
pathways (Ktake-home, Karift, Kres). These weights were derived from previous meta-regression
mixed-effects models of published pesticide dust concentrations. Each exposure pathway
was then additively combined for an aggregate estimate of total non-occupational

exposures for each OC active ingredient (Enon-occ,ai) (EqQuation 4).

Etake-home,ai = Ktake-nome X [Hours per Day Spouse at Home/24 Hours per [1]
Day] x [Days Applicator Appliedai/Median Application Days] x Years
Applied While Together

Edritai = Karit X (Days Applicator Appliedai/ Median Application Days) x [2]
Years Applied While Togethera;

Eres.ai = (Ktermites,ai X Treatedermites + Kinsects,ai X Treatedinsects + Krieas home,ai X 3]
Treatedsieas homet Kleas pets,ai X Treatedfieas petst Kweeds,ai X Treatedweeds )
xYears Together

[4]

Enon—occ,ai = Etake—home,ai + Edrift,ai + Eres,ai

Study Population

As described in the previous chapter, the AHS is a prospective cohort that includes
licensed private pesticide applicators (mostly farmers), and their spouses (n=32,345),
residing in lowa and North Carolina. Briefly, pesticide applicators were recruited from
1993-1997 when applying for their license to apply restricted-use pesticides. Applicator
level information was gathered from the applicators’ AHS enrollment questionnaires and

included active ingredient-specific information on agricultural use of each active
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ingredient, including the seven OCs, as well as information on livestock raised, personal
protective equipment used, smoking and alcohol consumption, and demographic
information. Furthermore, a subset of pesticide applicators completed a ‘take-home’
questionnaire, which contained additional information on active ingredient-specific
pesticide use, frequency and duration. Concurrently, 32,345 spouses of these pesticide
applicators were enrolled by completing a questionnaire’ reporting information on their
demographics, lifestyle factors, family and personal medical histories, farm exposures, and
agricultural activities, including the ‘ever’ applying or mixing of specific active ingredients

including seven OCs.

Figure 1 illustrates the criteria used to determine the study population for which
non-occupational pesticide estimates could be obtained. In following, the term ‘farm
spouse’ will be used to indicate an enrolled AHS female farm spouse, the term ‘applicator-
husband’ will be used to indicate an enrolled AHS male applicator who is married to an
enrolled female spouse, and the term ‘wife-husband pair’ will be used to indicate enrolled
female farm spouses and their respective enrolled applicator-husbands. Our initial study
population in Aim 1 was restricted to the female farm spouses of these wife-husband pairs
(n=32,126, excludes 219 male spouses) (Population A). To apply the spousal non-
occupational pesticide algorithm, information on the frequency and duration of OC use by
the enrolled applicator-husband was necessary. Thus, | restricted our initial study
population (Population A) to those spouses who met one of two criteria that enabled the
application of the non-occupational algorithm and retained these individuals in the final

study population (Population B). Criteria 1 included those spouses whose applicator-
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husbands completed both the ‘enrollment’ and ‘take-home questionnaires’ (n=17,840).
Criteria 2 included those spouses whose applicator-husbands completed the ‘enrollment’
but not the ‘take-home’ questionnaire, and who indicated ‘never’ use for each of the
individual OC pesticides on their enrollment questionnaires. The size of Population B
varied by active ingredient due to the second criterion and includes those female spouses
whose husbands provided sufficient use information for each individual OC active-
ingredient. For example, our study population for the evaluation of chlordane comprised
27,626 farm spouses. Of these, 17,840 wife-husband pairs had a completed applicator take-
home questionnaire and 9,786 wife-husband pairs did not have an applicator take-home
questionnaire, but the applicator-husband indicated having ‘never” used chlordane on his
‘enrollment questionnaire’. 4,500 spouses were excluded because of the applicator-
husband indicated ‘yes’ to chlordane use on the enrollment questionnaire but no
information on frequency of chlordane use was available because the take-home
questionnaire was not completed. The following subsequent descriptive analyses have been

restricted to those spouse-applicator pairs in Population B.



Figure 1. Flowchart defining AHS farm spouse study population.

Population A: AHS Female
Farm Spouses (N=32,126)

CRITERIA 1

AHS farm spouses
whose applicator-
husbands completed
‘enrollment’ & ‘take-
home’ questionnaires
(N=17.840)

\

AHS farm spouses whose
applicator-husbands
completed ONLY their
‘enrollment’
questionnaire

CRITERIA 2

7/
Retained

»

\
Excluded

)

Applicator-husbands who
answered ‘never‘ to OC
use from ‘enrollment
questionnaire’

(All OCs", N=6,494)
(Aldrin, N=10,429);
(Chlordane, N=9,786);
(Dieldrin, N=11,917);
(DDT, N=10,135);
(Heptachlor, N=10,849);
(Lindane, N=10,305);
(Toxaphene, N=11,015)

l

(All OCs®,

Population B.
Final study population of AHS farm spouses

(Aldrin, N=28,269); (Chlordane, N=27,626);
(Dieldrin, N=29,757); (DDT, N=27,975);
(Heptachlor, N=28,689); (Lindane, N=28,145);
(Toxaphene, N=28,855)

N=24,334)

Applicator-husbands
with incomplete
information on ever OC
use from ‘enrollment
questionnaire’

(All OCs*, N=7,792)
(Aldrin, N=3,857);
(Chlordane, N=4,500);
(Dieldrin, N=2,369);
(DDT, N=4,151);
(Heptachlor, N=3,437);
(Lindane, N=3,981);
(Toxaphene, N=3,271)

* ALL OCs: inclusion of all seven OC active-ingredients, referenced on the AHS applicator enrollment questionnaire

40
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Application of non-occupational algorithm to AHS spouses

The non-occupational active ingredient specific exposure algorithm was applied to
the spouses (Figure 1. Population B) and assigned subject-specific exposure estimates for
each pathway (Etake-homeai, Edriftai and Eresai), and their aggregate (Enon-occ.ai) for each
individual OC insecticide. Responses from the spouse enrollment questionnaires were used
in the derivation of the algorithm for each spouse as described in Appendix A: Derivation
of algorithm inputs from AHS questionnaires. Pathway exposure estimates were
determined for each OC active ingredient for the take-home and agricultural drift exposure
pathways. Since estimates for the take-home and agricultural drift pathways were
calculated using similar metrics, statistical results for the common components of these
pathways are reported as “take-home/drift” where applicable (e.g., days of OC use). The
historical residential use of OCs in the United States was evaluated, and | determined that
of the OC active-ingredients, only chlordane and heptachlor were used in residential
settings specifically for the treatment of termites from approximately 1945 through 1988
for chlordane and 1953 through 1974 for heptachlor. Therefore, the residential use pathway
exposure estimate was only applied to chlordane and heptachlor, and only included the
variable component representing OC applications for the treatment of termites. The
following amended equation reflecting the application of the residential use pathway for
chlordane and heptachlor was used:

Eresai = (Ktermites,ai X Treatediermites) X Years Together [5]

At the time of this analysis | further restricted this population to only include those

‘wife-husband’ pairs whose wives had completed the phase III questionnaire (2005 through
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2010). The phase 11 questionnaire included information on the time periods that the wife
has lived with the applicator-husband, which was necessary for calculating the ‘years
together’ variables necessary for all three algorithm pathways. Additional efforts are
currently underway by Agricultural Health Study researchers to characterize these time
periods from other information sources for farm spouses without phase 111 information, for
application to the full Population B study population shown in Figure 1, but this

information was not available at the time of these analyses.

Statistical Analyses

To characterize the prevalence and distribution of OC exposures, descriptive
statistics were calculated for the take-home, agricultural drift and residential use exposure
estimates for each OC active ingredient. Exposure to an OC through a non-occupational
pathway was defined as a non-zero estimate of exposure for that pathway. Median and
interquartile ranges (IQRs) of the non-zero estimates were calculated overall and stratified
by the spouses’ personal use of each OC active ingredient. Descriptive statistics were
calculated overall for each OC active ingredient for each non-occupational pathway, as
well as stratified by the spouses’ personal use (Yes, No). Kappa statistics were calculated
to compare the spouses’ personal use of OC active ingredients (yes vs. no) to exposure to
each of the non-occupational exposure pathways (Yes, No), where “Yes” was defined as
any non-zero exposure estimate for that pathway.

To evaluate the relationship between the active ingredient-specific non-

occupational exposure estimates for each pathway and their sum, Spearman rank
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correlations were calculated between the exposure estimates for the take-home (Etake-home,ai)
and agricultural drift (Eqrift.ai) pathways, as well as between each of these pathways and the
summed estimate of non-occupational OC exposures (Enon-occai). For chlordane and
heptachlor, Spearman correlation statistics were also calculated between the residential use
exposure estimates (Eresai) and exposure estimates for the take-home, agricultural drift and

aggregate non-occupational pathways.
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RESULTS
Algorithm Inputs

Distributions of pathway-specific components were calculated based on the
spouses’ questionnaire responses for the farm spouses that have completed phase III
questionnaire. The take-home pathway used off-farm job as a surrogate of potential
pesticide exposure: most AHS spouses reported having full-time off-farm jobs (72.9%),
while 16.7% reported having part-time off-farm jobs and 10.4% reported having no off-
farm jobs (Table 1). The agricultural drift pathway used distance between house and field
as a surrogate: 47.3% of AHS spouses reported living between 150 and 449 feet from
treated fields and 26.4% reported living > 1,350 feet from treated fields. The residential
use pathway incorporated residential pest treatments, which were common in this
population, with 50.3% reporting treatment for non-termite insects being the most
prevalent, 38.1% reporting treatments for pet fleas, 36.0% reporting treatment for weeds,

15.7% reporting treatment for termites, and 3.2% reporting treatment for fleas at home.
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Table 1. Distributions of algorithm components obtained from the spouse's questionnaire
responses (N=30,552). P

N [%0]
Pathway Components
Take-home
Hours per Day Spouse at Home
Full-time off-farm job (15.6 hr) 22,282 [72.9]
Part-time off-farm job (17.8 hr) 5,100 [16.7]
No off-farm job (21.0 hr) 3,170 [10.4]
Drift
Distance (ft) between house and
fields
150 - 449 14,437 [47.3]
450 - 749 6,009 [19.7]
750 - 1349 2,028 [6.6]
1350 8,078 [26.4]
Residential Treatments
Termites: Yes 4,789 [15.7]
Non-termite insects: Yes 15,381 [50.3]
Fleas: Yes 988 [3.2]
Pet fleas: Yes 11,639 [38.1]
Weeds: Yes 10,992 [36.0]

a. Those spouses with complete questionnaire information needed to apply the non-occupational algorithm for at least one OC

b. Calculations based on the spouses’ questionnaire responses for those farm spouses that completed phase 111 questionnaire



46

The estimated proportion of spouses who experienced exposures to OC active
ingredients through the take-home and agricultural drift pathways due to the applicators’
use ranged from 2.2% for dieldrin to 15.0% for DDT (Table 2). The duration of OC use
among those who reported applying pesticides was a median of 3.5 years for all OCs except
chlordane, which had a median duration of use of 1.0 year. A narrower IQR for duration
was observed for aldrin, dieldrin, and heptachlor (IQR: 3.5-3.5) than for DDT, lindane and
toxaphene (IQR: 3.5-8.0). Median application frequency among OC users was 2.5
day/year for all OC active ingredients, with a narrower IQR observed for chlordane (0.0-

2.5) than for all other OCs (2.5-7.0).



Table 2. Distributions of algorithm components obtained from the questionnaire responses of the spouse's applicator-husband.®“

Applicator-husband applied active
ingredient
No
Yes
Missing

Duration Metrics, exposed subjects b-
Years Applicator Applied While Together;

(yn

Days Applicator Applied,; (d/yr)

Years Applicator Applied While Together,; *
Days Applicator Applied,; (yr/day)

Aldrin Chlordane Dieldrin DDT
(N=28,269) (N=27,626) (N=29,757) (N=27,975)
N [%0] N [%0] N [%0] N [%0]

24,727 [87.5]
3,187 [11.2]
355 [1.3]

Median (25th-75th%6)

3.5 (3.5-3.5)

2.5 (2.5-7.0)

20.0 (8.8-24.5)

23,790 [86.1]
3,464 [12.5]
372 [1.4]

Median (25th-75th%)

1.0 (0.0-1.0)

2.5 (0.0-2.5)

2.5 (0.0-8.8)

28,783 [96.7]
665 [2.2]
309 [1.0]

Median (25th-75th%)

35 (3.5-3.5)

2.5 (2.5-7.0)

8.8 (8.8-24.5)

23,377 [83.6]
4,201 [15.0]
397 [1.4]

Median (25th-75th%6)

3.5 (3.5-8.0)

2.5 (2.5-7.0)

20.0 (8.8-56.0)

a. OC-specific populations defined based on whether there was complete information on days and years the husband applied an OC active ingredient (Ai)

b. Applied active ingredient = Yes

c. calculations based on the spouses’ questionnaire responses for those farm spouses that completed phase 11 questionnaire
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Table 2 Continued. Distributions of algorithm components obtained from the questionnaire responses of the spouse’s applicator-

husband.?¢

Applicator-husband applied active
ingredient
No
Yes
Missing

Duration Metrics, exposed subjects b-
Years Applicator Applied While Together

(yr)

Days Applicator Applied,; (d/yr)

Years Applicator Applied While Together,; *
Days Applicator Applied,; (yr/day)

Heptachlor Lindane Toxaphene
(N=28,689) (N=28,145) (N=28,855)
N [%4] N [%] N [%]

26,107 [91.0]
2,268 [7.9]
314 [1.1]

Median (25th-75th%)

3.5 (3.5-3.5)

2.5 (2.5-7.0)

2.5 (0.0-14.5)

25,437 [90.4]
2,386 [8.5]
322 [1.1]

Median (25th-75th%)

3.5 (3.5-8.0)

2.5 (2.5-7.0)

20.0 (8.8-56.0)

26,443 [91.6]
2,005 [7.3]
317 [1.1]

Median (25th-75th%)

3.5 (3.5-8.0)

2.5 (2.5-7.0)

14.4 (8.8-50.8)

a. OC-specific populations defined based on whether there was complete information on days and years the hushand applied an OC active ingredient (Ai)

b. Applied active ingredient = Yes

c. calculations based on the spouses’ questionnaire responses for those farm spouses that completed phase 111 questionnaire
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Take-Home and Agricultural Drift Algorithm Pathways

The proportion of individuals exposed to an OC active ingredient through the take-
home/agricultural drift exposure pathways ranged from 1.3% for dieldrin to 9.3% for DDT
(Table 3). Prevalence was highest for DDT and chlordane at 9.3% and 8.0%, respectively.
Exposure prevalence for dieldrin, toxaphene and heptachlor were at or below 5.0%, at
1.3%, 4.6% and 5.0%, respectively. The majority of those spouses exposed through the
take-home/agricultural drift pathways reported no personal use of OC active ingredients.
For example, among the 2,647 spouses with non-zero DDT exposure through the take-
home/agricultural drift pathways, 2,165 (81.8%) reported having “No” personal use of
DDT. Similarly, among the 428 spouses exposed to dieldrin via the take-home/agricultural
drift pathway, 379 (88.6%) spouses reported having “No” personal use of dieldrin. Similar
patterns were observed for the remaining 5 OC active ingredients.

The median, maximum, and IQR cumulative active ingredient-specific intensity
weighted exposure estimates for spouses with non-zero take-home and agricultural drift
exposure are shown in Table 3. Overall, median estimates were higher for the agricultural
drift pathway than for the take-home pathway for all OCs except DDT and aldrin. For the
take-home pathway, overall median (IQR) cumulative exposure intensity estimates of OC
active ingredients ranged from 0.9 (0.4-2.5) for chlordane to 2.6 (0.9-3.4) for aldrin,
representing ratios of the 75" to 25" percentiles of 7.2 and 3.8, respectively. Maximum
take-home intensity estimates among the OC active ingredients ranged from 144 (dieldrin
and heptachlor) to 587 (DDT). The ratio of the 75" to 25" percentile take-home exposure

estimates ranged from 2.8 for dieldrin to 7.2 for chlordane. Maximum agricultural drift
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intensity estimates among the OC active ingredients ranged from 116 (dieldrin) to 1,035
(DDT). The ratio of the 75" to 25" percentile agricultural drift exposure estimates ranged
from 4.4 for aldrin and heptachlor to 8.5 for DDT. The sum of the take-home and
agricultural drift exposure estimates resulted in medians ranging from 2.7 for chlordane
and dieldrin to 4.6 for aldrin, DDT, and lindane. Similarly, the ratio of the 75" to 25™
percentiles of the two pathways summed together ranged from 3.7 for heptachlor to 6.7 for
chlordane. The agreement between exposure from personal use (Yes, No) and exposure
from take-home/agricultural drift pathways (>0 vs. 0) was very low for all OCs, with kappa

values ranging from 0.06 for aldrin to 0.16 for DDT (data not shown).



Table 3. Descriptive statistics of take-home and drift non-occupational exposure estimates stratified by personal use of OCs.*

Take- Take- Take-
Home/Drift >0 Home/Drift=0  Home/Drift = Eraxerome among those > 0
[%6] [%0] Missing [%]
Active Personal Use Exposed Unexposed Median 25th-75th Ratio of Maximum
Ingredient percentile  75th/25th
percentile
Aldrin Yes 72 [0.2] 87 [0.3] 54 [0.2] 25 0.9-5.8 6.4 47
N=28,269 No 1,883 [6.5] 22,125 [78.3] 2,123 [7.5] 2.4 0.9-34 3.8 188
Missing 133 [0.4] 1,618 [5.7] 174 [0.6] 2.1 0.9-34 3.8 54
Overall 2,088 [7.1] 23,830 [84.3] 2,351 [8.3] 2.4 0.9-3.4 3.8 188
Chlordane Yes 319 [1.1] 591 [2.1] 172 [0.6] 1.0 0.9-2.5 2.8 222
N=27,626 No 1,831 [6.5] 20,581 [74.5] 2,327 [8.4] 0.9 0.4-2.4 6.7 515
Missing 114 [0.4] 1,491 [5.4] 200 [0.7] 0.9 0.9-2.8 3.1 24
Overall 2,264 [8.0] 22,663 [82.0] 2,699 [9.8] 0.9 0.4-2.5 7.2 515
Dieldrin Yes 13 [0.0] 72 [0.2] 16 [0.1] 1.0 0.9-4.0 44 47
N=29,757 No 379 [1.2] 25,841 [86.8] 1,369 [4.6] 1.0 0.9-2.5 2.8 144
Missing 36 [0.1] 1,908 [6.4] 123 [0.4] 0.9 0.9-2.5 2.8 37
Overall 428 [1.3] 27,821 [93.5] 1,508 [5.1] 1.0 0.9-2.5 2.8 144
DDT Yes 317 [1.1] 426 [1.5] 188 [0.7] 2.9 1.0-12.0 11.6 587
N=27,975 No 2,165 [7.7] 20,597 [73.6] 2,424 [8.7] 2.1 0.9-5.8 6.4 515
Missing 165 [0.5] 1,482 [5.3] 211 [0.78] 25 0.9-5.8 6.4 116
Overall 2,647 [9.3] 22,505 [80.4] 2,823 [10.1] 2.1 0.9-5.8 6.4 587
Heptachlor Yes 57 [0.2] 97 [0.3] 45 10.2] 2.4 0.9-4.6 5.1 37
N=28,689 No 1,333 [4.6] 23,255 [81.1] 1,918 [6.7] 12 0.9-2.9 3.2 144
Missing 82 [0.3] 1,747 [6.1] 155 [0.5] 25 0.9-5.2 5.8 33
Overall 1,472 [5.0] 25,099 [87.5] 2,118 [7.4] 1.2 0.9-2.9 3.2 144
Lindane Yes 97 [0.3] 263 [0.9] 39 [0.1] 2.3 0.9-5.8 6.4 127
N=28,145 No 1,464 [5.1] 22,701 [80.7] 1,918 [6.8] 2.1 0.9-5.3 5.9 282
Missing 80 [0.2] 1,448 [5.1] 135 [0.5] 25 1.0-5.8 6.0 37
Overall 1,641 [5.6] 24,412 [86.8] 2,092 [7.4] 2.1 0.9-5.8 6.4 282
Toxaphene Yes 68 [0.2] 79 [0.3] 34 [0.1] 25 1.1-9.2 8.2 47
N=28,855 No 1,220 [4.1] 23,718 [82.2] 1,753 [6.1] 12 0.9-4.2 4.6 168
Missing 86 [0.3] 1,733 [6.0] 164 [0.6] 1.8 0.9-4.0 4.4 43
Overall 1,374 [4.6] 25,530 [88.5] 1,951 [6.8] 1.2 0.9-5.2 5.8 168

a. Calculations based on the spouses’ questionnaire responses for those farm spouses that completed phase III questionnaire



Table 3 Continued. Descriptive statistics of take-home and drift non-occupational exposure estimates stratified by personal use of
OCs.

Eprier @among those >0 Etakenome + Eprier among those >0
Active Personal Use Median 25th-75th Ratio of Maximum Median 25th-75th  Ratio of Maximum
Ingredient percentile  75th/25th percentile  75th/25th
percentile percentile
Aldrin Yes 2.9 1.7-6.6 4.0 95 5.6 2.6-12.0 4.6 142
N=28,269 No 2.0 1.2-5.1 4.4 210 4.6 2.1-4.6 2.2 398
Missing 2.0 1.2-4.2 3.7 95 4.4 2.2-7.6 35 148
Overall 2.0 1.2-5.1 4.4 210 4.6 2.1-85 4.1 398
Chlordane Yes 1.8 0.9-4.1 45 331 2.7 1.8-6.3 34 553
N=27,626 No 15 0.5-2.6 5.0 518 2.4 0.8-5.1 6.3 1032
Missing 1.8 0.7-4.1 5.8 36 2.7 1.6-7.2 4.4 60
Overall 1.8 0.5-3.1 6.0 218 2.7 0.9-5.7 6.7 1032
Dieldrin Yes 1.8 0.7-5.1 7.1 60 2.8 1.8-9.1 5.2 107
N=29,757 No 1.8 0.7-3.6 4.9 116 2.7 1.6-6.2 3.8 260
Missing 1.8 0.7-2.9 4.0 75 2.7 1.7-54 3.2 112
Overall 1.8 0.7-3.8 5.3 116 2.7 1.6-6.2 3.8 260
DDT Yes 4.6 1.8-18.1 10.0 1,035 7.6 2.7-32.0 11.8 1,622
N=27,975 No 2.0 0.9-7.3 8.1 414 17.4 1.9-12.9 6.7 928
Missing 2.0 1.6-9.0 7.8 174 4.6 2.2-15.7 7.2 290
Overall 2.0 0.9-8.0 8.5 1,035 4.6 2.1-14.7 7.2 1,622
Heptachlor Yes 2.6 1.8-5.8 3.2 75 5.7 2.7-11.6 4.3 112
N=28,689 No 1.8 1.2-51 4.4 256 3.0 2.1-7.6 3.7 384
Missing 3.2 1.2-7.3 6.4 49 5.9 2.2-13.1 6.0 73
Overall 1.8 1.2-5.1 4.4 256 3.0 2.1-7.6 3.7 384
Lindane Yes 3.2 15-8.1 55 256 6.2 1.6-13.8 8.5 384
N=28,145 No 2.0 1.2-7.3 6.4 478 4.4 2.1-12.3 6.0 750
Missing 4.1 1.8-11.2 6.2 55 6.3 2.7-17.4 6.4 82
Overall 2.1 1.2-7.3 6.4 478 4.6 2.1-12.6 6.2 750
Toxaphene Yes 1.9 0.7-5.1 7.0 75 6.2 2.8-20.5 7.4 142
N=28,855 No 1.8 0.7-5.1 7.0 337 2.8 1.8-94 5.4 504
Missing 19 0.7-5.1 7.0 75 4.1 1.6-8.6 5.3 118
Overall 1.8 0.7-5.1 7.0 337 3.0 1.8-9.6 5.3 504

a. Calculations based on the spouses’ questionnaire responses for those farm spouses that completed phase III questionnaire
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Residential Use Pathway

The proportion of individuals exposed to chlordane and heptachlor for the
residential use pathway was 10.9% and 6.72% respectively (Table 4). When stratified by
personal use, a majority of spouses exposed through the residential use pathway also
reported no personal use of chlordane and heptachlor. For example, of the 3,085 spouses
with non-zero chlordane exposures through the residential use pathway, 2,776 (90.0%)
reported having “No” personal use of chlordane. Similarly, of the 1,928 spouses with
heptachlor exposure through the residential use pathway, 1,830 (94.9%) reported having
“No” personal use of heptachlor.

Median, maximum and IQR for the residential use intensity weighted exposure
estimates for chlordane and heptachlor are shown in Table 4. Overall median (IQR)
cumulative exposure intensity estimates for chlordane and heptachlor were 31.2 (16.5-
49.5) and 16.9 (7.8-25.6), respectively, representing a threefold ratio between the 75" and
25" percentiles. Maximum residential use intensity estimates among chlordane and
heptachlor were 107 and 27 respectively. The sum of the take-home, agricultural drift and
residential use exposure estimates resulted in median values of 18.9 for chlordane and 22.1
for heptachlor. The ratio of the 75" to 25" percentiles of the three pathways summed
together were 10.1 for chlordane and 6.8 for heptachlor. The agreement between the
personal use (Yes, No) and the residential use pathway (>0 vs. 0) was very low, with kappa

values of 0.02 for chlordane and 0.03 for heptachlor (data not shown).
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Table 4. Descriptive statistics of residential use non-occupational exposure estimates stratified by personal use of chlordane and

heptachlor.*
N res among those>0 Erakenome t Eprier + Eres @mong those >0
Active Personal Use N ges o [%0] N Rres =0 [%0] N Res = MISSING Median  25th-75th  Ratio of Maximum Median ~ 25th-75th  Ratio of Maximum
Ingredient Exposed Unexposed [%4] percentile  75th/25th percentile  75th/25th
percentile percentile
Chlordane Yes 186 [0.6] 591 [2.1] 305 [1.1] 36.0 23.4-51.0 2.2 107 12.0 2.7-37.5 14 553
N=27,626 No 2,776 [10.0] 12,412 [44.9] 9,551 [34.6] 34.5 15.6-48.6 3.1 107 195 45-41.0 9 1100
Missing 123 [0.4] 936 [3.4] 746 [2.7] 40.3 16.9-58.5 3.5 107 16.1 2.7-48.5 18 107
Overall 3,085 [10.9] 13,939 [50.4] 10,602 [38.4] 31.2 16.5-49.5 3.0 107 18.9 4.0-40.5 10 1,100
Heptachlor Yes 13 [0.1] 120 [0.4] 66 [0.2] 13.0 10.4-20.8 2.0 27 7.59 2.7-38.5 14 112
N=28,689 No 1,830 [6.4] 14,458 [50.4] 10,218 [35.6] 16.9 7.80-24.7 3.2 27 22.1 6.45-42.0 6 447
Missing 85 [0.3] 1,070 [3.7] 829 [2.9] 24.7 14.3-27.3 1.9 27 23.4 7.5-52.5 7 125
Overall 1,928 [6.7] 15,648 [54.5] 11,113 [38.7] 16.9 7.8-25.6 3.3 27 221 6.2-42.0 7 447

a. Calculations based on the spouses’ questionnaire responses for those farm spouses that completed phase 111 questionnaire
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Spearman Correlation and Proportion Statistics
Take-home and Agricultural Drift Pathways

Spearman rank correlation statistics comparing the exposure estimates for the take-
home pathway, the agricultural drift pathway, and the sum of the two pathway’s estimates
for each OC active ingredient, are listed in Table 5. OC exposure estimates for the take-
home and agricultural drift pathways were highly correlated, with a range of 0.92 for
toxaphene to 0.96 for chlordane. Exposure estimates for the take-home pathway and the
sum of take-home and agricultural drift pathways and between the agricultural drift
pathway and the sum of the two pathways were very highly correlated across all OCs
(rs>0.97). The agricultural drift pathway contributed between 45% (aldrin, DDT and
lindane) to 67% (chlordane and dieldrin) of the summed take-home and agricultural drift

pathway estimates.
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Table 5. Correlation and proportion statistics between active ingredient-specific take-home and agricultural drift exposure pathway
estimates.*

Spearman Correlations” Proportion (%)
E orier ¢ Evaxkerove ErakeHomE ! EpriFr © E TakeHome + EoriFt / E takeHomE +
E takerome + EpriFt EpriFr E briFt
Aldrin 0.93 0.98 0.99 45
Chlordane 0.96 0.99 0.99 67
Dieldrin 0.93 0.98 0.98 67
DDT 0.94 0.98 0.99 45
Heptachlor 0.93 0.98 0.99 60
Lindane 0.93 0.98 0.99 45
Toxaphene 0.92 0.97 0.99 60

* All p-values < 0.0001

a. Calculations based on the spouses’ questionnaire responses for those farm spouses that completed phase I1I questionnaire
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Residential Use Pathway

Spearman rank correlation statistics comparing the exposure estimates for the
residential use, agricultural drift, and take-home pathway and the sum of the three
pathway estimates for chlordane and heptachlor are listed in Table 6. Chlordane and
heptachlor exposure estimates, for the agricultural drift and residential use pathways and
for the take-home and residential use pathways were not correlated (rs <0.05). However,
exposures estimates for the residential use pathway and the sum of the three pathways
were highly correlated for chlordane and heptachlor (rs>0.74). The residential use
pathway contributed to 67% (chlordane) and 76% (heptachlor) of the summed residential

use, agricultural drift and take-home pathway estimates.



Table 6. Correlation and proportion statistics between active ingredient-specific residential use exposure pathway estimates.*

Spearman Correlations” Proportion (%)
E DRIFT : E RES E TAKEHOME : E RES E RES : ETAKEHOME + E RES / ETAKEHOME +
EpriFr + Eres Ebrirr + Eres
Chlordane
0.023 0.022 0.740 67
Heptachlor
0.010 0.003 0.860 76

* All p-values < 0.0001

a. Calculations based on the spouses’ questionnaire responses for those farm spouses that completed phase I1I questionnaire
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DISCUSSION

| applied the non-occupational spousal algorithm for the first time to quantify the
cumulative exposures of OC active ingredients for the take-home, agricultural drift and
residential use pathways. Consequently, I identified an additional 1.2-10.0% (379-2,776)
farm spouses exposed to individual OC active ingredients through non-occupational
pathways than when basing exposure solely on their personal use. In addition, | captured
variability in OC non-occupational exposure intensities among the AHS spouses, with
pesticide-specific ratios of the 75" to 25" percentiles ranging from 2.8 to 8.5. This OC
exposure characterization represents an improvement over previous studies of the AHS
spouses, which relied solely on personal pesticide use or used their husband’s pesticide use
as a surrogate metric [3]. Compared to classification of pesticide exposures through the
AHS spouses’ personal use alone, by capturing non-occupational exposures of the spouses’
pesticide exposure misclassification can be reduced.

The application of the algorithm suggested that the prevalence of OC exposure in
the AHS spouses was substantially higher than when estimated through reported personal
use alone. There were few reported farm spouses who reported ‘Yes’ to OC personal use
and were classified as having “No” non-occupational OC exposures, suggesting that
relying on the personal use alone would provide an underestimate of exposure. For
example, the take-home/agricultural drift pathways identified 2.6 times more DDT exposed
farm spouses than compared to exposure through the farm spouses’ personal use alone.
Comparable patterns of exposure prevalence were observed for the other OC active

ingredients and the take-home/agricultural drift pathways. Similarly, the residential use
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pathway identified for chlordane 2.6 times more exposed spouses and for heptachlor 8.7
times more exposed spouses than compared to metrics based solely on the exposure
through the spouses’ personal use alone.

Greater variability in exposure estimates were observed among those exposed
through the agricultural drift pathway than through the take-home pathway. A source of
this pathway-specific variability difference may be due to differences in distribution
patterns observed in pathway-specific components (Table 1). For example, there was
greater variation in the ‘distance between house and treated fields’ variable (i.e. 150-449
ft., 450-749 ft., 750-1349 ft., 1350 ft.), which was used in the agricultural drift pathway,
than in the off-farm work variable (i.e. ‘full-time job’, ‘part-time job’ and ‘no job’) used in
the take-home pathway. An additional source of exposure variability in common to both
pathways was the distribution of ‘years applied while together * days applicator applied’
derived from the spouses’ applicator-husbands’ reported pesticide use. For example, in
Table 2 the IQRs for OC specific duration metrics ‘years applied while together * days
applicator applied’ demonstrate the widest spread for DDT (8.8-56.0), and lindane (8.8-
56.0). This pattern of variability is consistent with the variability observed in the exposure
estimates for the take-home and agricultural drift pathways, where ratios for the 75" to 25™
percentile of DDT and lindane were, 7.2 and 6.2 respectively. Identifying the OC-specific
variability in exposure estimates between the agricultural drift and take-home pathways
will allow for a greater understanding of non-occupational OC exposure characterization
among the AHS farm spouses and improve our ability to evaluate exposure-response

associations.
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Exposure variability for the residential use pathway compared to the other two
pathways differed for the two OCs evaluated. Residential use estimates for chlordane were
approximately half of the observed exposure variability from the agricultural drift and take-
home pathways. For example, ratios for the 75" to 25" percentile of chlordane were 3.0
for the residential pathway (Table 4), compared to 7.2 and 6.0 for the agricultural drift and
take-home pathways, respectively. In contrast, for heptachlor exposure variability from the
residential use pathway was similar to the exposure variability observed from the
agricultural drift and take-home pathways. The variability differences captured by the
residential use pathways were predominantly due to differences in the duration of time the
farm spouse lived with the applicator-husband (Table 2) and partly due to differences in

who applied the pesticide (i.e., spouse, house resident, or commercial applicator).

Correlations between pathway-specific OC exposure estimates revealed variations
in the contributions of the take-home, agricultural drift and residential use pathways to total
non-occupational OC exposures. The take-home and agricultural drift pathways were
highly correlated with each other for all OCs (rs > 0.98) due to their common equation
components of days and years of applicator-husbands’ use. These results are similar to
those from a recent application of the algorithm for atrazine and chlorpyrifos, which also
found these pathways to be highly correlated (rs > 0.98) [98]. These high correlations
suggest that likely only one of these two pathways may be necessary in the estimation of
non-occupational OC exposures, which will be examined in future sensitivity analyses. In
contrast, the residential use pathway was not correlated with either the agricultural drift or

take-home pathways for chlordane or heptachlor (rs< 0.02), indicating an independence of
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the residential use pathway. Moreover, the residential use pathway contributed more than
half (>65%) of the aggregate non-occupational exposures for both OC active-ingredients.
Taken together, these results suggest the residential use pathway may be a very important

contributor to total non-occupational exposures for chlordane and heptachlor.

Strengths of this study include the ability to better quantitatively discriminate
exposures derived from multiple non-occupational pathways and an improvement on
previous analyses that examined OC exposures among spouses based on their husband’s
application of OCs [62, 99-101]. Previous studies of pesticide exposures among the AHS
spouses have relied either on the spouses’ reported personal use or were based on surrogate
measurements to estimate non-occupational pesticide exposures among the farm women.
For the first time, quantitative, subject-level specific non-occupational exposures were
obtained for the AHS spouses. This application of this algorithm allows for better
characterization of cumulative OC exposures among the spouses, thereby reducing

exposure misclassification.

As previously described [62], limitations of the application of this non-occupational
spousal algorithm analysis include the potential underestimation of exposures due to an
inability to characterize windows of time prior to the spouses’ marriage to their applicator-
husbands, and an inability to assess other pathways of non-occupational exposures. The
algorithm does not include the exposure time window prior to the spouses’ marriages to
their applicator husband’s as this was not included in the AHS questionnaires. Since the
peak use of OCs occurred in the prior to study enrollment, this may serve as a particular

source of OC exposure underestimation. Moreover, due to a lack of relevant and available
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data, the dietary and bystander exposure pathways were omitted from the algorithm and
may also contribute to exposure underestimation. Additionally, exposures derived from the
spouses’ off-farm jobs and neighbors’ use of pesticides were not included in the AHS
questionnaires and therefore not assessed in the algorithm. Another limitation of this
analysis is that the quantitative non-occupational exposure estimates do not reflect doses
of exposure among the spouses. The pathway weights were based on an assumption that
measurements of pesticide concentrations in house dust serve as a reasonable proxy for
adult exposures and therefore do not reflect actual doses of exposure among the spouses.
Rather the use of these weights allows for a comparative analysis of relative exposure

contrast between pathways.

There were also two limitations specific to the application of the algorithm to the
OCs. First, comparisons were made on only those farm spouses with Phase IlI
questionnaires due to incomplete information to apply the algorithm to the remaining farm
spouses at the time of these analyses. It is unlikely that the patterns observed here in
exposure variability and relationship between pathways will differ for the full population,
but these evaluations will need to be reexamined once the algorithm is applied to the full
population. Second, | had to exclude farm spouses whose applicator-husbands did not
provide information on the frequency and time periods of OC use that was asked in more
detail on the take-home questionnaire. This restriction is not necessary for analyses of
ever/never use by either the farm spouses (Aim 1) or their applicator-husbands or for the

50 pesticide active ingredients that were the focus of the enroliment questionnaire.
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CONCLUSIONS

In summary, | applied for the first time the recently developed non-occupational
exposure algorithm to quantitatively asses OC active-ingredient exposures among the AHS
female farm spouses and reduce OC exposure misclassification. This application of the
algorithm allowed me to classify an increased proportion of spouses as having OC
exposure, independent of those who were classified as exposed based on personal use
alone. These findings have the potential to improve subsequent etiologic analyses through
the reduction of exposure measurement error, and an increased ability to examine
exposure-response associations in cancer risk associated with OC exposures among

women.
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APPENDIX A: Derivation of algorithm inputs from AHS questionnaires

Below | describe the time duration variables and questionnaire variables used to
compute each exposure estimate. In following, each questionnaire variable is ascribed the
following notation, <QUESTION VARIABLE>.

Time Duration Variables
e Days Applicator Applied

Duration metrics were used in all pathway estimates to account for cumulative
active-ingredient specific exposures during adult married life. Both the take-home
(Etakehome,ai) and agricultural drift (Edrift,ai) pathway estimates included the
applicator’s number of days (Days Applicator Appliedai ) per year and years of active
ingredient use while living with their spouse (Years Applicator Applied While Together
ai). Days Applicator Appliedai was derived from the applicator husbands’ responses to the
following question <a_ active ingredient name _dayl> In an average year when you
personally used this pesticide, how many days did you use it? (Less than 5 days, 5-9 days,
10-19 days, 20-39 days, 40-59 days, 60-150 days, More than 150 days). Responses to this
question was standardized by dividing by the median number of days per year of any
pesticide application reported across all applicators with at least one day of use at Phase 1
(Median Application Days=14.5). This standardization ensured consistency with the
pathway-specific weights (Ktake-home, Karit, Kres), Which represented the average contribution
aggregated over a long-time span rather than the contribution per pesticide application day.

Years Applicator Applied While Togetherai was derived from the applicator’s

responses to the following two questions: <a_active ingredient name_ful> When did you
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first personally use this pesticide (Before 1960, In the 1960s, In the 1970s, In the 1980s, In
the 1990s, Last year) and <ayrsmix> How many years did you personally mix or apply
pesticides? (1 year or less, 2-5 years, 6-10 years, 11-20 years, 21-30 years, More than 30
years). From these responses, the applicator’s reported start and stop years of active
ingredient use. This information was adjusted based on the start and stop years of marriage
and cohabitation between the applicator and spouse, and was used to tabulate a final value
for Years Applicator Applied While Together.

The residential pesticide use exposure pathway (Eres,ai) incorporated the number

of years the spouse and applicator lived in the same home (Years Together).
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Take-Home Exposure Pathway

Hours per Day Spouse at Home was based on the spouses’ responses to three questions.
1) <SJOBOFF=> Did you ever have a job off a farm? (No/Yes), 2) <SWHNWORK> When
did you usually work at this job? (Year round/Off season only), and 3) <SWRKTIME>
How much time did you work at this job? (Half-time or less/More than half-time). From
these responses three categories were developed and spouses were assigned an average
proportion of hours per day spent at home based on the 2003 American Time Use Survey
(Bureau of Labor Statistics 2003).

e 21.0 hours was assigned if the spouse answered “No” to <SJOBOFF >.

e 17.8 hours was assigned if the spouses’ answers corresponded to any of the
following combinations:

o “Yes” to <SJOBOFF> and “Half-time or less” to <SWRKTIME>

o “Yes” to <SJOBOFF>, “Off season only” to <SWHNWORK> and
either “More than half-time”.

o ho answer to <SWRKTIME>.

e 15.6 hours was assigned if the spouses’ answers corresponded to any of the
following combinations:

o “Missing” = <SJOBOFF>, Any Response <SWHNWORK>, and
Any Response <SWRKTIME>.

o “Yes” = <SJOBOFF>, “Year Round” = <SWHNWORK>,
“Missing” or “More than half-time” <SWRKTIME>.

o “Yes” = <SJOBOFF>, “Missing” <SWHNWORK>, and
“Missing” or ‘More than half-time’ <SWRKTIME>.



68

Agricultural Drift

Proximity Ratio was based on the spouses’ responses to <SLIVF10A> Were you living on
a farm 10 years ago? (No/Yes). If a spouse responded “No” or “Missing”, responses to the
following question was used to derive the proximity ratio, <SNPAPDIS> How far is your
home from the nearest field or orchard where pesticides are applied (Now in the past 12
months)? (Less than 100=1 yards, 100-199 yards=2, 200-299 yards=3, 300 yards or
more=4, “Don’t know”=5). If a spouse responded either “300 yards or more”, “Don’t
know” or “Missing” the proximity ratio was assigned the baseline value of 1.2. If a spouse
responded, “200-299 yards” the proximity ratio was given a value of 1.5. If a spouse
responded, “100-199 yards” the proximity ratio was assigned a value of 1.9. If a spouse
responded, “Less than 100 yards” the proximity ratio was assigned value of 3.0.

If a spouse responded “Yes” to <SLIVF10A>, combinations of responses to
<SNPAPDIS> and <SAPAPDIS> were used to determine the proximity ratio, where
<SAPAPDIS> represented responses to How far is your home from the nearest field or
orchard where pesticides are applied (10 years ago)? (Less than 100=1 yards, 100-199
yards=2, 200-299 yards=3, 300 yards or more=4, “Don’t know”=5). If the responses to
<SNPAPDIS> and <SAPAPDIS> were discordant, the proximity ratio was assigned the
average of the proximity ratios of the two response values. If there was a response value
for one of these variables while the second was marked as “Missing”, then the known value

was assigned as the proximity ratio.
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Residential Use

House ever treated for termites was based on a combination of responses to the following
two questions: <SLSTPCID> When was the last time pesticides or chemical were used to
prevent or control termites in this house? (Never use pesticides or chemicals to
prevent/control termites problem, Less than 1 year ago, I year or more ago, “Don’t
know”) and <SNUMPCID> How many times has this house been treated for termites?
(Never, Once, Twice, Three times, Four times, Five times, More than five times, “Don’t
know”). If <SLSTPCID> and <SNUMPCID> were both given a value of either “Don’t
know” and/or “Missing” then the variable for representing whether a house was ever
treated for termites was marked as “No=0". Any other combination of responses for
<SLSTPCID> and <SNUMPCID> resulted in an assignment for the variable, representing

whether a house was ever treated for termites, as “Yes=1".
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Chapter 4. Aim 3. Non-occupational OC exposures and risk of breast cancer among the
Agricultural Health Study (AHS) female farm spouses

ABSTRACT

BACKGROUND: Organochlorine (OC) insecticides are a class of pesticides historically
used worldwide in agriculture, with some still in use in some developing countries for the
control of vector-borne illnesses. Breast cancer has been the most frequently examined
hormonally mediated cancer with respect to OC exposures, however most findings have
been inconclusive. Recent analyses of the Agricultural Health Study (AHS) female farm
spouses have found a positive association with dieldrin use and ER-PR- breast cancer.
However, these analyses have only been able to assess the spouses’ personal use of OCs
or non-occupational sources of OC exposures through surrogate measurements, which may
not accurately reflect specific exposure pathways. Due to the environmental persistence of
OCs, it is important to assess cancer risk with non-occupational sources of OC exposures
to fully evaluate their role on breast cancer risk in women. Here | have evaluated the
association between non-occupational OC exposures and risk of breast cancer among the
AHS female farm spouses. METHODS: The recently published AHS non-occupational
spousal algorithm was used to derive quantitative exposure estimates for OC exposures
from the take-home, agricultural drift and residential use non-occupational exposure
pathways. | used Poisson regression to estimate relative risks (RRs) and 95% confidence
intervals (CIs) for overall breast cancer and breast cancer subtypes (n>3 exposed cases)
with OC exposures from each of the three non-occupational pathways as well as overall

non-occupational exposure. OC exposures were evaluated by quartiles and median
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categories of exposure based on a sufficient number of exposed cases (n>3 exposed cases).
Incident cancers were reported to state cancer registries from study enrollment through
2014 (North Carolina) and 2015 (lowa). RESULTS: Among the 31,114 female farm
spouses, there were 1,214 number of overall breast cancer cases, including 736 number of
ER+/PR+ breast cancer. Most individual exposure pathways of individual OCs were not
associated with breast cancer overall or with ER+PR+ breast cancer. Toxaphene exposure
through the take-home pathway was associated with ER+PR+ breast cancer (Nexposed = 31,
RRo1 = 1.66, 95% CI 1.16 to 2.39, ptend= 0.03). Aldrin and toxaphene exposures through
the agricultural drift pathway were associated with overall (Nexposed = 43, RRo1 = 1.38, 95%
Cl1 1.01 to 1.88, ptrend= 0.77; toxaphene: Nexposed = 25, RRo1 = 1.59, 95% CI 1.07 to 2.37,
prrend= 0.42) and ER+PR+ breast cancers (aldrin: Nexposed = 31, RRo1 = 1.59, 95% CI 1.10
to 2.31, prend= 0.26; toxaphene: Nexposes = 19, RRq1 = 2.09, 95% CI 1.32 to 3.31,
ptrend=0.03). Chlordane and heptachlor exposures through the residential use pathway were
associated with ER+PR+ breast cancer (chlordane: Nexposed = 35, RRgz = 1.58, 95% CI 1.09
to 2.28, pwena= 0.26; heptachlor: Nexposed = 24, RRqg3= 1.84, 95% CI 1.19 to 2.84, p-
trend=0.30). Finally, overall non-occupational exposures of aldrin (Nexposed = 27, RRq1=
1.58, 95% CI 1.07 to 2.35, prend= 0.22) , heptachlor (Nexposed = 42, RRq3= 1.86, 95% ClI
1.33 10 2.59, pirend= 0.94), and toxaphene (Nexposed = 18, RRq1=1.93, 95% CI 1.20 to 3.09;
Nexposed = 15, RRq4=1.80, 95% CI 1.07 to 3.02 ; pirend = 0.02) were associated with ER+PR+
breast cancer. CONCLUSIONS: This study is the first etiologic analysis to use the AHS
non-occupational spousal algorithm to assess the impact of individual non-occupational

pathways of exposure by specific pesticides, on the risk of breast cancer among the AHS
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female farm spouses. While | observed some significant associations, in general my
findings did not demonstrate strong evidence for an elevated risk of breast cancer with non-

occupational OC exposures.
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INTRODUCTION

Breast cancer has been the most frequently examined hormonally mediated cancer
with respect to OC exposures; however, most findings have been inconclusive [16, 31, 32,
34-41, 80, 81, 102-104]. Recent analyses from the AHS have found some positive
associations between OCs and breast cancer among the female farm spouses of applicator-
husbands [34, 105]. A study examining the association between pesticide use with breast
cancer among the AHS farm spouses found a significant increased risk for breast cancer
among women who had never used heptachlor or dieldrin, but whose applicator-husbands
had [34]. In addition, this same analysis found no association of breast cancer risk with
farm size or washing of clothes worn during pesticide application; however, risk of breast
cancer was non-significantly increased among farm women whose homes were closest in
proximity to areas of pesticide application. A later study by the same researchers found use
of heptachlor by the farm spouses’ husbands was associated with a significant increased
risk of breast cancer [60]. As a follow-up to this study I evaluated the personal use of OCs
and cancer risk among the AHS farm spouses with more accrued person-time and an
increased number of exposed cases [105]. | found that ER-PR- breast cancer was
significantly associated with the spouses’ personal use of dieldrin.

Pesticide exposures among farm women are the result of exposure from both
personal use and from indirect exposure through non-occupational pathways [62, 97]. As
previously described in Aim 2, non-occupational pathways include take-home exposures,
agricultural drift and the residential use of pesticides for the treatment of insects around the

home [62, 97]. The evaluation of non-occupational pathways of pesticide exposures is
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particularly important to assess for family members of agricultural workers, including
female farm spouses, who may not otherwise experience direct exposures to pesticides or
exposures that are as high in concentration or duration [62]. Previous epidemiology
analyses examining non-occupational pesticide exposures have been limited by surrogate
exposure measurements based on self-reported questionnaire data [62, 67, 99-101] or by
biological markers of exposure which may not have accurately reflected relevant time
windows of exposure [62, 106-109]. Thus, these analyses have generally been unable to
determine associations for cancer or other chronic diseases[62] with multiple pathways of
pesticide exposures among female farm spouses of pesticide applicators living in
agricultural areas [110-112].

To improve upon the exposure assessment of non-occupational pathways of
pesticide exposures, AHS researchers created the quantitative non-occupational pesticide
algorithm for the AHS female farm spouses [62]. This algorithm assigns quantitative
exposure estimates for each of the three non-occupational pathways and for overall non-
occupational exposure based on the addition of estimates for the three pathways. [62, 97].
In the previous chapter, | used this algorithm to characterize quantitative estimates of
active-ingredient specific OC exposures (i.e. aldrin, chlordane, dieldrin, DDT, heptachlor,
lindane and toxaphene) for each pathway for the AHS female farm spouses. In the
following analysis, | will use these quantitative exposure estimates to examine the
relationship between non-occupational OC exposures and risk of breast cancer among the

AHS female farm spouses. Specifically, the objectives of Aim 3 are as follows:
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Aim 3. To evaluate the impact of exposures to OC insecticides from non-
occupational pathways on the risk of developing breast cancer among the AHS farm
spouses.
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METHODS
Study Population and Follow-Up

Briefly, the AHS is a prospective cohort that includes licensed private pesticide
applicators (mostly farmers), and their spouses (n=32,345), residing in lowa and North
Carolina, and has been previously described in Aims 1 and 2. Pesticide applicators were
recruited from 1993-1997 and during this time they completed an ‘enrollment’
questionnaires containing active ingredient-specific information on the agricultural use of
pesticides including seven OCs (i.e., aldrin, chlordane, dieldrin, DDT, heptachlor, lindane
and toxaphene) and demographic factors. A further subset of applicators completed a
‘take-home’ questionnaire, which contained additional information on active ingredient-
specific pesticide use, frequency and duration. Concurrently, the spouses of these
applicators were also enrolled and completed a questionnaire with information on
demographic factors, family and personal medical histories, farm exposures, and
agricultural activities, including their ‘ever’ personal use (i.e. mixing or applying) of
specific active ingredients including the seven OCs. Some of these spouses also completed
the Female and Family Health Questionnaire, which focused on reproductive health
histories.

The study was approved by all relevant Institutional Review Boards and study

questionnaires are publicly available (https://aghealth.nih.gov/collaboration/questionnaires.html).

Cancer incidence was assessed regularly via linkage with the North Carolina and lowa
state cancer registries. Mortality incidence was assessed through regular linkage with

state mortality registries and The National Death Index. Cancer sites were classified


https://aghealth.nih.gov/collaboration/questionnaires.html
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according to the International Classification of Diseases for Oncology, 3™ revision

(World Health Organization).

Non-Occupational Algorithm and Exposure Assessment

The study population for this analysis included those AHS female spouses whose
husbands provided sufficient information for each individual OC-active ingredient, as
defined by the criteria used to determine Population B in Aim 2 (Figure 1). Briefly, |
excluded male spouses (n=219), to those spouses who were diagnosed with cancer prior to
study enrollment (n=905), and those with zero or missing person years of follow-up
(n=107), leaving 31,114 female spouses in the analytic cohort. For my analyses of
individual OCs, spouses were included if they met one of two criteria: (1) those whose
applicator-husbands completed both the ‘enrollment’ and ‘take-home questionnaires’
(n=17,840), or (2) those spouses whose applicator-husbands completed the ‘enrollment’
but not the ‘take-home’ questionnaire, and who indicated ‘never’ use for each of the
individual OC active ingredients on their enrollment questionnaires. Therefore, my study
population varied by individual OC active ingredient. At the time of this analysis my final
study population was further restricted to only include those ‘wife-husband’ pairs whose
wives had completed the phase Il questionnaire, which was necessary for calculating the
‘years together’ variables in the take-home and agricultural drift pathway equations.
Consequently, my final study population for each individual OC active ingredient were as
follows: aldrin n=27,418; chlordane n=26,783; dieldrin n=28,839; DDT n=27,151; lindane

n=27,272; heptachlor n=27,810; toxaphene n=27,972. Additional efforts are currently
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underway by AHS researchers to characterize this missing information for farm spouses
without phase Il information, but this information was not available at the time of these
analyses.

Spouses were assigned subject-specific exposure estimates for each pathway of the
non-occupational algorithm, Etake-home,ai, Edriftai and Eresai. and their summation (Enon-occ,ai)
for each individual OC active ingredient. For the residential use pathway, it was determined
that of the OCs only chlordane and heptachlor were used in residential settings, from
approximately 1945 through 1988 for chlordane, and 1953 through 1974 for heptachlor.
Therefore, the residential use pathway exposure estimates were only developed for
chlordane and heptachlor.

‘Ever” exposure to an OC, through an individual non-occupational pathway or total
non-occupational exposure, was defined as a non-zero exposure estimate for that individual
pathway, as detailed previously in Aim 2. Due to the high correlation of exposure estimates
derived for the take-home and agricultural drift pathways (rs0.92-0.96), ‘ever’ exposure to
individual OCs via these pathways were analyzed as a single exposure, and herein referred
to as the combined ‘take-home/agricultural drift exposure’. Continuous exposure estimates
from the three non-occupational exposure pathways (i.e. take-home, agricultural drift, and
residential use) and their summed non-occupational exposures were categorized into
median or quartile categories, based on percentiles of the active ingredient-specific
exposure distributions for exposed AHS farm spouses. Exposure estimates for total non-
occupational exposures (Enon-occ,ai) Were determined by the addition of exposure estimates

for the agricultural drift and take-home pathways (i.€. Etake-home,ai + Earift.ai) for all individual
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OC active ingredients, with the exception of chlordane and heptachlor. For these two
individual OCs, non-occupational exposures were the result of the addition of exposure
estimates of all three individual exposure pathways (i.e. Etake-homeai + Edriftai + Eresai ). In
the following analysis, the term ‘overall non-occupational exposure’ will be used to refer
to the specific aforementioned total non-occupational exposure estimate, for each

individual OC active ingredient.

Statistical Analysis

Using multivariable Poisson regression in SAS version 9.3 (SAS Institute, Inc.,
Cary, N.C.), relative risks (RR) and 95% confidence intervals (95% CI) were calculated
for overall and subtype breast cancers among my previously mentioned final study
population for each individual OC active-ingredient. Each non-occupational pathway-
specific exposure metric (i.e. take-home, agricultural drift and residential use) and the
overall non-occupational exposure metric were examined in separate regression models to
assess their individual impact on cancer risk. Person-time was accrued from the date of
study enrollment until date of death, cancer diagnosis, movement out of state or last study-
follow-up (December 31, 2014 and December 31, 2015 for North Carolina and lowa
respectively), whichever was earliest.

RRs for breast cancer overall and subtypes (i.e. ER+PR+, ER-PR-, ER+PR-, ER-
PR+) were calculated comparing the ‘ever’ to ‘never’ exposed, of each individual OC (i.e.
aldrin, chlordane, dieldrin, DDT, heptachlor, lindane and toxaphene) through the take-

home/agricultural drift pathway, residential use pathway and overall non-occupational
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exposure. RRs were also calculated comparing median or quartile categories of each OC
through each of the three individual non-occupational exposure pathways and overall non-
occupational exposure. The continuous exposure estimates from the three non-
occupational exposure pathways (i.e. take-home, agricultural drift, and residential use) and
overall non-occupational exposure were categorized into median or quartile categories of
exposure, depending on whether a sufficient number of exposed cases (N > 3) existed for
each level. Each category of exposure was based on percentiles of the active ingredient-
specific exposure distributions among the spouses. Due to the small number of exposed
cases, these analyses were restricted to the evaluation of overall breast cancer and ER+PR+
breast cancer.

All models were adjusted for age at enrollment (< 44 years, 45-54 years, 55-64
years, > 65 years), educational attainment (high school degree or less, some college or
college graduate, one or more years of graduate school), alcohol use (never, less than 1
drink per month, > 1-3 per month), cigarette pack-years smoked as reported at enrollment
(pack-year quartiles: Never, < 6.75, 6.751-16.75, > 16.751), and state of residence (Iowa
or North Carolina). | considered the following additional confounders: BMI, race, family
history of cancer, and ever use of any pesticide, but did not include them in my final models
as they did not alter my results by > 10%.

Female health and reproductive covariates at enrollment were also examined with
respect to breast, ovarian and uterine cancer, and included the following: menopausal status
at enrollment (yes/no), ever use of oral contraceptives at enrollment (yes/no), ever use of

hormone replacement therapy at enrollment (yes/no) and age at first menarche (< 12 years
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or below, > 12 years). These female reproductive covariates did not appear to significantly
alter my results and thus were not included in my final models. | did not have adequate
power to determine whether parity may have affected my results. Moreover, | attempted to
conduct sensitivity analyses to examine the possible influence of early life exposures, using
the farm spouses’ year of birth as a surrogate for the potential for exposure during critical
developmental periods. However, due to an insufficient number of exposed cases, | was
unable complete these analyses.

Additionally, because dieldrin is also a biological metabolite of aldrin, | performed
sensitivity analyses where ‘dieldrin metabolite’ (i.e. those farm spouses were exposed to
either aldrin or dieldrin) was modeled as the exposure. However, these analyses did not
significantly alter my existing aldrin and dieldrin results and were not included in my final
analyses. Also, many chlordane pesticide formulations are reported as commonly being a
mixture of many related chemicals, including heptachlor [113]. Thus, | conducted
sensitivity analyses where ‘chlordane or heptachlor’ (i.e. those farm spouses who were
exposed to chlordane or heptachlor) was modeled as the exposure; however, these results
did not alter my existing results for chlordane and were not included in my final analysis.

Since OC exposure among the AHS farm spouses may occur from their personal
use of OC active-ingredients and from multiple non-occupational pathways, it is necessary
to evaluate whether this personal use modifies the association between non-occupational
OC exposures and individual cancers of specific sites. However, due to an insufficient
number of exposed cases, | was unable to conduct stratified analyses by personal use

(never/ever) status of each individual OC.
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RESULTS

From enrollment through 2014/2015 the 31,114 female spouses contributed a total
of 547,575 person-years of follow-up (Mean=17.59 standard deviation +/- 5.2) (Table 1).
Among the female farm spouses in this study cohort, 16,676 had husbands who reported
‘ever’ personal use of at least one OC active-ingredient (53.6%) (data not shown).
Additionally, 60.9% (n=18,941) of spouses in this study population completed the Female
and Family Health Questionnaire.

In general, female farm spouses in this study population tended to be young at their
age of enrollment, where 46.8% of the population was 44 years or younger. Those farm
spouses whose husbands reported ‘ever’ personally using at least one OC active-ingredient
tended to be slightly older at enrollment than those farm spouses whose husbands reported
‘never’ using any OC (husbands reporting ‘ever’ vs ‘never’ OC use: 8.4% vs 6.7% 55-64
years of age; 3.8% vs 2.8% > 65 years of age). Among all other demographic variable
categories, there was no apparent difference in the proportion between spouses whose
husbands reported ‘ever’ versus ‘never’ personal use of at least one OC active ingredient.
Among farm spouses in this study population, most were white (96.7%), residents of the
state of lowa (67.2%), were less educated (50.2% with their highest reported level of
education obtained as ‘high school or less’), and had a lower BMI between 0 and 24.9
(43.2%). The farm spouses also tended to be never smokers (68.2%) and never consumers
of alcohol (43.3%). Most farm spouses had a family history of cancer (52.2%), and most
reported having grown up on a farm (58.0%). In addition, 32.0% of the farm spouses had

gone through menopause at the time of enroliment, as well as having had at least one child
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in their lifetime (55.9%). Most also reported having ever used oral contraceptives in their
lifetime (43.6%), and the most common age of first menarche was 12 years or less (26.9%).

Among the farm spouses, personal use of chlordane (3.9%) was used most
frequently, followed by DDT (3.3%), lindane (1.4%), aldrin (0.8%), heptachlor (0.7%),
toxaphene (0.7%) and dieldrin (0.3%) (Table 2). However, among their applicator-
husbands, DDT (15.2%) was the most frequently used OC, followed by chlordane (12.7%),
aldrin (11.2%), lindane (8.6%), heptachlor (7.9%), toxaphene (7.4%) and dieldrin (2.2%).
In addition, the farm spouses ‘ever’ personal use of individual OCs was not correlated with
their corresponding applicator-husbands’ ‘ever’ use of individual OCs, with kappa values

ranging from 0.05 for dieldrin to 0.14 for chlordane and DDT.



Table 1. Select characteristics of the AHS female farm spouses at enroliment by their applicator-husbands' OC personal use

(N=31,114).”
Among all farm spouses Any OC use by applicator-husbands
Never Ever Missing p-Value *

N %it N %tt N %tt N %tt

Age at enrollment <0.001
<44| 14,579 46.9 10,088 324 2,056 6.6 2,435 7.8
45-54 7,999 25.7 3,635 11.4 2,447 7.9 2,017 6.5
55-64| 5,995 19.3 2,079 6.7 2,608 8.4 1,308 4.2
> 65 2,541 8.2 874 2.8 1,174 3.8 493 1.6

Race < 0.001
White| 29,736 95.6 15,708 50.5 8,108 26.1 5,920 19.0
Other 535 1.7 367 1.2 71 0.2 97 0.3
Missing 843 2.7 501 1.6 106 0.3 236 0.8

State of Residence <0.001
North Carolina| 10,197 328 5,098 16.4 3,032 9.7 2,067 6.6
lowa| 20,917 67.2 11,478 36.9 5,253 16.9 4,186 13.5

Highest Educational Attainment <0.001
High School or Less| 15,626 50.2 8,155 26.2 4,631 14.9 2,840 9.1
Some College or College Graduate| 9,743 31.3 5,386 17.3 2,415 7.8 1,942 6.2
1 or more years of Graduate School| 4,437 14.3 2,312 7.4 964 3.1 1,161 3.7
Missing| 1,308 4.2 723 2.3 275 0.9 310 1.0

Body Mass Index <0.001
0-24.99| 13,437 43.2 7,416 23.8 3,663 11.8 2,358 7.6
25.00-29.99( 8,717 28.0 4,280 13.8 2,722 8.7 1,715 5.5
>30.00] 5,064 16.3 2,576 8.3 1,563 5.0 925 3.0
Missing| 3,896 12.5 2,304 7.4 337 1.1 1,255 4.0

Alcohol < 0.001
Never| 13,484 43.3 6,611 21.2 4,184 134 2,689 8.6
Less than once/month| 8,024 25.8 4,508 14.5 1,961 6.3 1,555 5.0
> 1-3 times per month| 8,305 26.7 4,724 15.2 1,910 6.1 1,671 5.4
Missing 1,301 4.2 733 2.4 230 0.7 338 1.1

Cigarette Smoking (Pack-years) <0.001
Never Smoker| 21,214 68.2 11,212 36.0 5,739 18.4 4,263 13.7
<6.75 4,005 12.9 2,270 7.3 954 3.1 781 2.5
6.751-16.75| 1,954 6.3 1,095 3.5 479 15 380 1.2
>16.751| 1,969 6.3 926 3.0 647 2.1 396 13
Missing 1,972 6.3 1,073 3.4 466 1.5 433 1.4

84



Table 1 Continued. Select characteristics of the AHS female farm spouses at enrollment by their applicator-husbands' OC personal

use (N=31,114)."

Family History of Cancer <0.001
No/Missing| 16,468 52.9 9,383 30.2 3,867 12.4 3,218 10.3
Yes| 14,646 47.1 7,193 23.1 4,418 14.2 3,035 9.8
Grew up on a farm <0.001
No| 11,875 38.2 6,610 21.2 2,889 9.3 2,376 7.6
Yes| 18,036 58.0 9,291 29.9 5,213 16.8 3,632 11.4
Missing| 1,203 3.9 675 2.2 183 0.6 345 1.1
Menopause at Enrollment * <0.001
No| 9,947 32.0 6,379 20.5 2,519 8.1 1,049 3.4
Yes| 8,534 27.4 3,189 10.2 4,377 14.1 968 3.1
Unsure 286 0.9 136 0.4 114 0.4 36 0.1
Missing§ 12,347 39.7 6,872 22.1 1,275 4.1 4,200 135
Number of Live Births * <0.001
0 275 0.9 180 0.6 72 0.2 23 0.1
lor2 8,386 27.0 4,533 14.6 3,004 9.7 849 2.7
>2| 9,001 28.9 4,318 13.9 3,592 115 1,091 3.5
Missing§ 13,452 43.2 7,545 24.2 1,617 5.2 4,290 13.8
Oral Contraceptive * <0.001
Never| 5,206 16.7 2,146 6.9 2,516 8.1 544 1.7
Ever| 13,572 43.6 7,568 24.3 4,495 14.4 1,509 4.8
Missing§ 12,336 39.7 6,862 22.1 1,274 4.1 4,200 135
Age of first menarche ¥ 0.0205
12 years or less 8,358 26.9 4,263 13.7 3,223 10.4 872 2.8
13 years| 5,677 18.3 2,928 9.4 2,112 6.8 637 2.0
14 years or greater 4,570 14.7 2,411 1.7 1,633 5.2 526 1.7
Missing®| 12,509 40.2 6,974 224 1,317 49 4,218 13.6

9 of full study cohort (N=31,114)
*Chi square test for homogeneity
¥ From Female and Family Health Questionnaire

DDT, dichlorodiphenyltrichloroethane

¥ Did not complete Female and Family Health Questionnaire

“Post exclusion of: male spouses (N=219), those with missing or 0 person-years (N=107), those female spouses with history of cancer prior to study enrollment (N=905)
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Table 2. Frequency of 'ever' OC personal use and agreement between the AHS female farm spouses and their
applicator husbands (N=31,114)."%

OC Active Ingredients Spouses Applicator-Husbands Kappa
Statistics
Farm Spouse :

N % N % Applicator
Aldrin 235 0.8 3,068 11.2 0.06
Chlordane| 1,197 3.9 3,389 12.7 0.14
Dieldrin 105 0.3 647 2.2 0.05
DDT 1,029 3.3 4,115 15.2 0.14
Hepatchlor 222 0.7 2,185 7.9 0.06
Lindane 433 1.4 2,341 8.6 0.07
Toxaphene 203 0.7 2,059 7.4 0.08

** All p-values < 0.0001
*Post exclusion of: male spouses (N=219), those with missing or 0 person-years (N=107), those female spouses with history of cancer prior to study enroliment (N=905)
£ Among spouses whose applicator-hushands had complete information on use of OC active-ingredient use based on responses to Take-Home and Enrollment Questionnaires
Among those wife-husband pairs with "complete" information: Aldrin n=27,418; Chlordane n=26,783; Dieldrin n=28,839; DDT n=27,151; Lindane n=27,272; Heptachlor n=27,810; Toxaphene n=27,972
DDT, dichlorodiphenyltrichloroethane
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‘Ever’ non-occupational exposures

Overall among the AHS female farm spouses, my results did not suggest
associations between individual non-occupational pathways of OC exposures with breast
cancer overall or with the ER+PR+ subtype subtypes. My only significant finding for ‘ever’
exposure through the combined take-home/agricultural drift exposure, was for toxaphene
and ER+PR+ breast cancer (Nexposed = 57; RR=1.57, 95% CI 1.19 to 2.07) (Table 3). There
was a suggested elevated risk for take-home/agricultural drift ‘ever’ exposures of
toxaphene with breast cancer overall (Nexposed = 79; RR=1.24, 95% CI 0.98 to 1.57), as well
as for aldrin (Nexposed = 84; RR=1.26, 95% CI 0.99 to 1.61) and DDT (Nexposed = 103;
RR=1.20, 95% CI 0.96 to 1.52) ‘ever’ exposure with ER+PR+ breast cancer. There was
also suggested evidence for an increased risk of breast cancer overall with residential use
‘ever’ exposures to chlordane (Nexposed =156, RR 1.17, 95% CI 0.97 to 1.41) and heptachlor
(Nexposed =114, RR 1.18, 95% C1 0.94 to 1.49) through the residential use pathway.

Risk of overall breast cancer was not significantly associated with overall non-
occupational OC exposures (Table 4). However, there was suggestive evidence for an
increased risk of breast cancer with overall non-occupational exposure to heptachlor
(Nexposed = 186, RR 1.16, 95% C1 0.98 to 1.37) and toxaphene (Nexposed = 79, RR 1.24, 95%
C1 0.98 to 1.57). Overall non-occupational exposures to heptachlor (Nexposea = 120, RR
1.32, 95% CI 1.07 to 1.62) and toxaphene (Nexposed = 57, RR 1.57, 95% CI 1.19 to 2.07)
were also associated with a significant increased risk of ER+PR+ breast cancer. While

overall non-occupational exposures to aldrin (Nexposed = 84, RR 1.26, 95% CI 0.99 to 1.61)
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and DDT (Nexposed = 103, RR 1.20, 95% CI1 0.96 to 1.52) were suggestive of an increased

risk with ER+PR+ breast cancer.
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Table 3. RR and Cls for ever versus never OC exposures by take-home/agricultural drift and residential use pathways, for breast
cancer and breast cancer subtypes.”

Take-Home/Agricultural Drift

Aldrin Chlordane Dieldrin DDT
N unexposed N exposed RR 95%Cl N unexposed N exposed RR 95%Cl N unexposed N exposed RR 95%Cl N unexposed N exposed RR 95%Cl
Breast 818 115 1.07 0.87-1.31 814 106 0.95 0.78-1.17 1,025 25 1.04 0.69-1.55 770 153 1.06 0.88-1.28
ER+PR+| 489 84 1.26 0.99-1.61 501 69 1.05 0.81-1.36 628 18 117 0.73-1.89 479 103 1.20 0.96-1.52
ER-PR-| 140 15 0.81 0.47-1.41 135 14 0.85 0.48-1.48 172 4 1.06 0.39-2.90 138 15 0.65 0.37-1.13
ER+PR- 81 9 0.83 0.41-1.70 80 9 0.71 0.35-1.43 101 1 - - 73 14 0.83 0.46-1.52
ER-PR+ 10 0 - - 11 0 - - 14 0 - - 9 1 - -
Lindane Heptachlor Toxaphene
N unexposed Nexposed ~ RR 95%Cl N ynoxposed Nexposed ~ RR 95%Cl [N ynoxposed Nexposed ~ RR 95%ClI
Breast 910 70 0.97 0.76-1.23 890 76 1.00 0.79-1.28 925 79 1.24 0.98-1.57
ER+PR+| 557 48 1.05 0.78-1.42 534 57 119 0.90-1.58 561 57 157 1.19-2.07
ER-PR-| 150 11 0.94 0.51-1.74 154 10 0.77 0.40-1.49 163 2 - -
ER+PR- 86 7 1.01 0.46-2.19 88 4 0.51 0.19-1.43 91 11 1.59 0.84-3.01
ER-PR+| 11 0 - - 13 0 - — 11 2 — -
Residential Use
Chlordane Heptachlor
N unexposed N exposed RR 95%Cl N unexposed N exposed RR 95%Cl
Breast 781 156 117 0.97-1.41 588 114 1.18 0.94-1.49
ER+PR+| 494 85 114 0.89-1.47 387 64 121 0.89-1.64
ER-PR-| 131 21 1.08 0.66-1.78 91 16 1.25 0.67-2.33
ER+PR- 75 18 114 0.64-2.02 55 13 0.90 0.45-1.79
ER-PR+ 9 3 2.53 0.58-11.0 6 1 - —

* Among spouses whose applicator-husbands had complete information on use of OC active-ingredient use based on responses to Take-Home and Enrollment Questionnaires

Those farm spouses with "complete" information: Aldrin n=27,418; Chlordane n=26,783; Dieldrin n=28,839; DDT n=27,151; Lindane n=27,272; Heptachlor n=27,810; Toxaphene n=27,972
N = farm spouse cases exposed to individual OC active ingredient via the Take-Home/Agricultural Drift, or Residential Use pathways
All Models Adjusted for: age at enrollment, state of residence, education, alcohol use, and smoking (pack-years)

DDT, dichlorodiphenyltrichloroethane
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Table 4. RR and Cls for ever versus never OC active ingredient exposures by overall non-occupational exposures, for breast

cancer and breast cancer subtypes.”

Aldrin Chlordane Dieldrin DDT
N unexposed N exposed RR 95% Cl | N ynexposed N exposed RR 95% Cl | N ynexposed N exposed RR 95%Cl | N ynexposed N exposed RR 95% Cl
Breast 818 115 1.07 0.87-1.31 715 222 1.08 0.92-1.27 1,025 25 1.04 0.69-1.55 770 153 1.06 0.88-1.28
ER+PR+| 489 84 1.26 0.99-1.61 453 126 1.05 0.85-1.29 628 18 1.17 0.73-1.89 479 103 1.20 0.96-1.52
ER-PR-| 140 15 0.81 0.47-1.41 121 31 1.01 0.66-1.53 172 4 1.06 0.39-2.90 138 15 0.65 0.37-1.13
ER+PR- 81 9 0.83 0.41-1.70 69 24 1.00 0.61-1.64 101 1.00 0.38 0.05-2.76 73 14 0.83 0.46-1.52
ER-PR+ 10 0 — — 9 3 1.24 0.31-4.99 14 0 — — 9 1 — —
Lindane Heptachlor Toxaphene
N unexposed N exposed RR 95% Cl [N ynexposed N exposed RR 95%Cl | N ynexposed N exposed RR 95%Cl
Breast 910 70 0.97 0.76-1.23 794 186 1.16 0.98-1.37 925 79 1.24 0.98-1.57
ER+PR+| 557 48 1.05 0.78-1.42 482 120 1.32 1.07-1.62 561 57 1.57 1.19-2.07
ER-PR-| 150 11 0.94 0.51-1.74 141 25 0.94 0.61-1.47 163 2 . -
ER+PR- 86 7 1.01 0.46-2.19 7 16 0.88 0.50-1.54 91 11 1.59 0.84-3.01
ER-PR+ 11 0 - - 12 1 - - 11 2 — —

* Among spouses whose applicator-husbands had complete information on use of OC active-ingredient use based on responses to Take-Home and Enroliment Questionnaires

Those farm spouses with "complete" information: Aldrin n=27,418; Chlordane n=26,783; Dieldrin n=28,839; DDT n=27,151; Lindane n=27,272; Heptachlor n=27,810; Toxaphene n=27,972
N = farm spouse cases exposed to individual OC active ingredient via total Non-Occupational exposures
All Models Adjusted for: age at enrollment, state of residence, education, alcohol use, and smoking (pack-years)
DDT, dichlorodiphenyltrichloroethane
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Categories of non-occupational exposures

In general, most analyses examining categories of individual pathway OC
exposures, were not significantly associated with a risk of breast cancer overall or with
ER+PR+ breast cancer. With respect to categories of take-home pathway exposures, only
the lowest categories of toxaphene were significantly associated with an increased risk for
ER+PR+ breast cancer (Nexposed = 31, RRiow = 1.66, 95% CI 1.16 to 2.39, pirends=0.03), with
suggested evidence for a positive exposure-response trend (Table 5). Agricultural drift
pathway exposures did not generally present any consistent risk associations or exposure
response trends for breast cancer overall or for ER+PR+ breast cancer (Table 6).
Additionally, there was no evidence for an increased risk of breast cancer overall or for
ER+PR+ breast cancer, with the highest categories of OC agricultural drift exposures. The
only significant risk associations for breast cancer were observed at the lowest quartile
categories of exposure for aldrin (Nexposed = 43, RRo1 = 1.38, 95% CI 1.01 to 1.88, ptrend=
0.77) and toxaphene (Nexposed = 25, RRo1 = 1.59, 95% CI 1.07 to 2.37, pwena=0.42) for
breast cancer overall. Similarly, there was also a significant increased risk of ER+PR+
breast cancer with the lowest categories of exposure for aldrin (Nexposed = 31, RRq1 = 1.59,
95% CI 1.10 to 2.31, ptrend=0.26) and toxaphene. (Nexposed = 19, RRq1 = 2.09, 95% CI 1.32
to 3.31, pwena=0.03) with evidence for a positive-exposure response trend for toxaphene
only. Finally, there was suggestive evidence for an increased risk of ER+PR+ breast cancer
and the second quartile category of chlordane exposure (Nexposed = 25, RRq2 = 1.49, 95%

CI 099 o 223, ptrend=0.7l).
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Residential use pathway exposures for chlordane and heptachlor did not present
consistent significant risk elevations or any evidence for exposure-response trends (Table
7). The only significant increased risks were observed for the third quartile categories of
exposure to chlordane (Nexposed = 35, RRq3 = 1.58, 95% CI 1.09 to 2.28, ptrend= 0.26) and
heptachlor (Nexposed = 24, RRq3 = 1.84, 95% CI 1.19 to 2.84, ptrena= 0.30) with ER+PR+
breast cancer. Chlordane exposure at the third quartile level, provided suggestive evidence
for an increased risk of breast cancer overall (Nexposed = 53, RRg3 = 1.30, 95% CI 0.97 to
1.75, prend= 0.14). Heptachlor exposures at the first quartile category provided suggestive
evidence for an elevated risk in overall breast cancer (Nexposed = 25, RRo1 = 1.48, 95% ClI
0.99 to 2.23, pwend=0.21), while exposures at the second quartile category provided
suggestive evidence for an elevated risk of ER+PR+ breast cancer (Nexposed = 20, RRq2 =
1.57, 95% 0.99 to 2.51, ptrend=0.30) respectively.

Overall non-occupational exposures presented few significant findings of elevated
breast cancer risks with OC exposures, all with no observed positive exposure-response
trends. Toxaphene exposures at the lowest and highest quartile categories presented
significant increased risks for ER+PR+ cancer with evidence for a positive-exposure
response trend (Nexposed = 18, RRo1=1.93, 95% CI 1.20 t0 3.09; Nexposed = 15, RRqs= 1.80,
95% CI 1.07 to 3.02 ; ptrend = 0.02). Heptachlor exposure at the third quartile category of
exposure presented significant increased risks for breast cancer overall (Nexposed = 59,
RRq3=1.39, 95% CI 1.06 to 1.83, pirena= 0.22) and ER+PR+ breast cancer (Nexposed = 42,
RRq@3=1.86, 95% CI1 1.33t0 2.59, prrena= 0.94). Aldrin exposure at the first quartile category

presented a significant increased risk for ER+PR+ breast cancer (Nexposed = 27, RRq1= 1.58,
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95% CI 1.07 to 2.35, pirend=0.22). Although non-significant, chlordane (Nexposed = 77, RRq4
1.25, 95% CI 0.97 to 1.63, ptrenda = 0.06) was the only OC to demonstrate suggestive
evidence for an elevated risk of breast cancer overall with a positive exposure response
trend. Aldrin (Nexposed = 38, RRo1= 1.39, 95% C1 0.99 to 1.93, prend= 0.88) and toxaphene
(Nexposed = 24, RRq1= 1.48, 95% CI1 0.99 to 2.22, ptrend=0.33) exposures also demonstrated

suggestive evidence for an elevated risk for breast cancer overall.
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Table 5. RR and Cls for quartiles of OC exposures by take-home, for breast cancer and
breast cancer subtypes.”

Active-Ingredient Exposure Breast ER+ PR+
N RR 95% ClI N RR 95% ClI
Aldrin 0 818 REF — 489 REF —
>0 -0.90 46 1.24 0.91-1.67 31 1.35 0.93-1.95
0.91-2.35 14 0.79 0.46-1.34 11 1.00 0.54-1.82
2.36 - 3.40 30 1.15 0.79-1.66 22 1.36 0.88-2.11
>3.40 25 0.95 0.63-1.42 20 1.23 0.78-1.93
p-trend = 0.97 p trend = 0.19
Chlordane 0 814 REF — 501 REF -
>0-0.35 23 0.81 0.54-1.24 15 0.93 0.55-1.56
0.35-0.90 35 1.05 0.75-1.48 22 111 0.72-1.71
0.91-2.52 32 1.13 0.79-1.62 21 1.23 0.79-1.91
>2.52 16 0.75 0.45-1.23 11 0.86 0.47-1.57
p-trend = 0.39 p-trend = 0.89
Dieldrin 0 1,025 REF - 628 REF -
>0-1.03 17 1.24 0.76-2.01 12 1.37 0.77-2.44
>1.03 8 0.77 0.38-1.55 6 0.92 0.41-2.05
p-trend = 0.72 p-trend= 0.85
DDT 0 770 REF — 479 REF —
>0-0.90 47 0.96 0.71-1.29 32 1.10 0.76-1.59
0.91-2.06 26 1.12 0.75-1.67 14 1.00 0.58-1.72
2.06 -5.77 47 1.25 0.92-1.69 34 1.54 1.08-2.20
>5.77 33 0.96 0.67-1.37 23 1.13 0.74-1.73
p-trend = 0.99 p-trend = 0.40
Lindane 0 910 REF — 557 REF —
>0-2.06 41 1.30 0.74-1.39 27 1.07 0.73-1.58
> 2.07 29 0.90 0.62-1.30 21 1.03 0.66-1.59
p-trend = 0.59 p-trend = 0.87
Hepatchlor 0 890 REF — 534  REF -
>0-1.21 35 0.93 0.66-1.31 26 1.10 0.74-1.64
>1.21 41 1.08 0.78-1.48 31 1.28 0.88-1.85
p-trend = 0.73 p-trend = 0.18
Toxaphene 0 925 REF - 561 REF -
>0-1.21 42 1.32 0.97-1.80 31 1.66 1.16-2.39
>1.21 37 1.16 0.83-1.62 26 1.47 0.99-2.20
p-trend = 0.28 p-trend = 0.03

* Among spouses whose applicator-husbands had complete information on use of OC active-ingredient use based on responses to Take-Home and Enroliment Questionnaires
Those farm spouses with "complete" information: Aldrin n=27,418; Chlordane n=26,783; Dieldrin n=28,839; DDT n=27,151; Lindane n=27,272; Heptachlor n=27,810; Toxaphene n=27,972
N = farm spouse cases exposed to individual OC active ingredient via the Take-Home pathway
All Models Adjusted for: age at enrollment, state of residence, education, alcohol use, and smoking (pack-years)
p < 0.05 compared with no exposure
DDT, dichlorodiphenyltrichloroethane
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Table 6. RR and Cls for quartiles of OC exposures by agricultural drift, for breast cancer
and breast cancer subtypes.”

Active-Ingredient Exposure Breast ER+ PR+
N RR 95% ClI N RR 95% ClI
Aldrin 0 818 REF — 489 REF —
>0-1.15 43 138 1.01-1.88 31 159 1.10-231
1.16 - 2.03 22 086 0.56-1.32 13 082 047-1.44
2.04 - 5.07 28 103 0.71-151 22 131 0.85-2.03
>5.07 22 094 0.61-1.45 18 125 0.77-2.01
p-trend = 0.77 p-trend= 0.26
Chlordane 0 814 REF — 501 REF —
>0-0.52 23 081 0.53-1.23 15 093 0.55-1.56
0.52-1.70 34 121 086-1.71 25 149 0.99-2.23
1.71-3.21 27 097 0.66-1.43 15 090 0.54-151
>3.21 22 081 053-1.25 14  0.87 0.51-1.48
p- trend = 0.43 p-trend=0.71
Dieldrin 0 1,025 REF — 625 REF —
>0-1.81 20 128 0.82-2.00 15 151 0.90-2.54
>1.81 5 059 0.24-1.42 3 0.56 0.18-1.73
p-trend = 0.38 p-trend= 0.55
DDT 0 770 REF — 479 REF —
>0-0.94 31 088 0.61-1.27 21 102 0.65-159
0.95 - 2.03 48 122 0.91-1.65 29 124 0.85-183
2.03-8.19 39 114 0.82-1.58 26 127 085-191
>8.19 35 098 0.70-1.39 27 128 0.86-191
p-trend = 0.97 p-trend=0.18
Lindane 0 910 REF — 557 REF —
>0-2.07 38 1.00 0.72-1.39 27 114 0.77-1.67
>2.07 32 093 0.65-1.32 21 096 0.62-1.49
p-trend=0.64 p-trend= 0.57
Hepatchlor 0 890 REF - 534 REF -
>0-1.15 23 099 0.65-1.51 20 137 0.87-215
1.16-1.81 14 0.88 0.52-1.51 8 0.81 0.40-1.63
1.81-5.07 23 106 0.70-1.62 16 117 0.70-1.93
>5.07 16 1.06 0.64-1.75 13 134 0.77-234
p-trend = 0.80 p-trend=0.29
Toxaphene 0 925 REF - 561 REF -
>0-0.72 25 159 1.07-2.37 19 209 132-331
0.73-1.81 20 115 0.74-1.79 13 126 0.73-2.19
1.81-5.07 16 1.04 0.63-1.71 11 128 0.70-2.34
>5.07 18 1.18 0.74-1.90 14 168 0.98-2.88
p-trend = 0.42 p-trend=0.03

* Among spouses whose applicator-hushands had complete information on use of OC active-ingredient use based on responses to Take-Home and Enrollment Questionnaires

Those farm spouses with "complete" information: Aldrin n=27,418; Chlordane n=26,783; Dieldrin n=28,839; DDT n=27,151; Lindane n=27,272; Heptachlor n=27,810; Toxaphene n=27,972

N = farm spouse cases exposed to individual OC active ingredient via the Agricultural Drift pathway
All Models Adjusted for: age at enrollment, state of residence, education, alcohol use, and smoking (pack-years)

p < 0.05 compared with no exposure
DDT, dichlorodiphenyltrichloreethane
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Table 7. RR and Cls for quartiles of chlordane and heptachlor exposures by residential
use, for breast cancer and breast cancer subtypes.”

Active-Ingredient Exposure Breast ER+ PR+
N RR 95% Cl N RR 95% Cl
Chlordane 0 781 REF - 494 REF -
>0-16.5 25 1.09 0.73-1.63 11 0.80 0.44-1.47
16.6 - 31.2 31 1.12 0.78-1.61 17 1.07 0.65-1.74
31.3-495 53 1.30 0.97-1.75 35 1.58 1.09-2.28
>49.5 47 1.13 0.82-1.55 22 1.01 0.64-1.59
p-trend = 0.14 p-trend = 0.26
Hepatchlor 0 866  REF — 538 REF -
>0-7.8 25 1.48 0.99-2.23 12 1.35 0.75-2.43
7.9-16.9 29 1.17 0.80-1.72 20 1.57 0.99-2.51
17.0 - 24.7 34 141 0.98-2.02 24 1.84 1.19-2.84
>24.7 26 1.00 0.66-1.51 8 0.59 0.29-1.21
p-trend = 0.21 p-trend = 0.30

* Among spouses whose applicator-husbands had complete information on use of OC active-ingredient use based on responses to Take-Home and Enrollment Questionnaires
Those farm spouses with "complete" information: Aldrin n=27,418; Chlordane n=26,783; Dieldrin n=28,839; DDT n=27,151; Lindane n=27,272; Heptachlor n=27,810; Toxaphene n=27,972
N =farm spouse cases exposed to individual OC active ingredient via the Residential Use pathway
All Models Adjusted for: age at enrollment, state of residence, education, alcohol use, and smoking (pack-years)
p < 0.05 compared with no exposure
DDT, dichlorodiphenyltrichloroethane
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Table 8. RR and Cls for quartiles of OC exposures for overall non-occupational exposure,

for breast cancer and breast cancer subtypes.”

Active-Ingredient Exposure Breast ER+ PR+
N RR 95% ClI N RR 95% CI
Aldrin 0 818 REF — 489  REF —
>0-2.05 38 1.39 0.99-1.93 27 1.58 1.07-2.35
2.06 - 4.55 25 0.90 0.60-1.35 15 0.88 0.52-1.48
456 - 8.47 27 1.03 0.70-1.52 22 1.36 0.88-2.10
> 8.47 25 0.96 0.64-1.43 20 1.24 0.79-1.95
p-trend= 0.88 p-trend= 0.22
Chlordane 0 715 REF - 453  REF -
>0-4.50 48 0.94 0.70-1.26 29 0.90 0.62-1.31
4.60 - 19.50 40 0.97 0.70-1.33 21 0.84 0.54-1.30
19.60 - 42.00 57 1.16 0.88-1.54 33 1.20 0.83-1.74
>42.00 77 1.25 0.97-1.63 43 1.30 0.92-1.85
p-trend= 0.06 p-trend= 0.10
Dieldrin 0 1,025 REF — 628 REF —
>0-271 19 1.35 0.85-2.13 15 1.68 1.00-2.82
>2.71 6 0.60 0.27-1.34 3 0.47 0.15-1.46
p-trend = 0.48 p-trend = 0.48
DDT 0 770 REF - 479 REF —
>0-2.05 39 0.98 0.70-1.36 27 1.14 0.77-1.70
2.06 - 4.55 35 1.06 0.75-1.50 21 1.08 0.69-1.68
4.56 - 15.34 44 1.23 0.90-1.69 28 1.32 0.89-1.96
>15.34 35 0.98 0.69-1.38 27 1.27 0.86-1.90
p-trend=0.96 p-trend= 0.19
Lindane 0 910 REF - 557 REF -
>0- 455 37 0.99 0.71-1.37 26 1.11 0.75-1.64
> 4.55 33 0.94 0.67-1.34 22 0.99 0.65-1.52
p-trend= 0.42 p-trend= 0.54
Hepatchlor 0 794 REF - 482 REF -
>0-284 40 1.07 0.78-1.48 26 1.12 0.75-1.66
2.85-10.40 45 1.13 0.83-1.53 31 1.34 0.93-1.93
10.41 - 22.10 59 1.39 1.06-1.83 42 1.86 1.33-2.59
>22.10 42 1.02 0.73-1.41 21 0.95 0.61-1.51
p-trend=0.22 p-trend= 0.94
Toxaphene 0 925 REF - 561 REF -
>0-181 24 1.48 0.99-2.22 18 1.93 1.20-3.09
1.82 - 3.02 19 1.21 0.77-1.91 13 1.40 0.81-2.43
3.03-10.40 17 1.03 0.63-1.67 11 1.18 0.65-2.16
>10.40 19 1.24 0.78-1.96 15 1.80 1.07-3.02
p-trend= 0.33 p-trend= 0.02

* Among spouses whose applicator-husbands had complete information on use of OC active-ingredient use based on responses to Take-Home and Enrollment Questionnaires

Those farm spouses with "complete" information: Aldrin n=27,418; Chlordane n=26,783; Dieldrin n=28,839; DDT n=27,151; Lindane n=27,272; Heptachlor n=27,810; Toxaphene n=27,972
N = farm spouse cases exposed to individual OC active ingredient via total Non-Occupational exposures
All Models Adjusted for: age at enrollment, state of residence, education, alcohol use, and smoking (pack-years)

p < 0.05 compared with no exposure
DDT, dichlorodiphenyltrichloroethane
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DISCUSSION

This study was the first etiologic analysis to assess the impact of individual non-
occupational pathways of exposure by specific pesticides on the risk of cancer among the
AHS female farm spouses. | evaluated associations between incident breast cancer and the
ER+PR+ subtype, with individual OC insecticide exposures through the agricultural drift,
take-home, and residential use pathways as well as with overall non-occupational exposure.
While I observed some significant associations, in general my findings did not demonstrate
strong evidence for an elevated risk of breast cancer with non-occupational OC exposures.
Among my significant findings, a majority were observed at the lowest categories of OC
exposures for each non-occupational pathway and for overall non-occupational exposures.
Specifically, | observed significant associations for take-home exposures of toxaphene and
DDT with ER+PR+ breast cancer, agricultural drift exposures of toxaphene and aldrin with
breast cancer overall and ER+PR+ breast cancer, residential use exposures of heptachlor
and chlordane with ER+PR+ breast cancer, and overall non-occupational exposures of
toxaphene, heptachlor, aldrin, and dieldrin with ER+PR+ breast cancer.

Aldrin and toxaphene both demonstrated significant associations with breast cancer
overall and ER+PR+ Dbreast cancer; however, most etiologic studies of toxaphene and
aldrin exposures among farm women report no associations with breast cancer [34, 60,
105]. My current analysis demonstrated significant associations for several pathways of
toxaphene and aldrin exposures with ER+PR+ breast cancer, most of which were reported
at the lowest categories of individual pathway exposures including the take-home

(toxaphene), agricultural drift pathways (toxaphene and aldrin), as well as overall non-
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occupational exposures (toxaphene and aldrin). Contrary to my findings, two studies
examining breast cancer and ‘ever’ use of pesticides by the AHS farm spouses and their
applicator-husbands showed no association with use of toxaphene or aldrin [34, 60]. In my
recent analysis of OC personal use among the farm spouses, | found no association for
‘ever’ use of toxaphene or aldrin with breast cancer overall or any breast cancer subtype
[105]. Despite these previous findings, in vitro and in vivo analyses of toxaphene and aldrin
have shown estrogenic and antiestrogenic effects suggesting that these OCs may give rise
to breast cancer through endocrine disrupting pathways [18, 29, 73, 114-116]. Since my
current significant findings were mostly reported at the lowest exposure categories of aldrin
and toxaphene, it is possible that these findings may be due to exposure misclassification
or statistical anomaly. Thus, my analysis warrants additional studies to further examine
associations with OC exposures among women with breast cancer.

Chlordane and heptachlor exposures by the residential use pathway were each
associated with significant increased risks for ER+PR+ breast cancer at the third quartile
categories of exposure. While these findings are consistent with one earlier study of the
AHS farm spouses [34], they are inconsistent with findings of more recent analyses among
the AHS farm spouses [60, 105] as well as most analyses examining chlordane and
heptachlor exposures and breast cancer [39, 80, 81, 102, 104, 117], which have found
mostly null or inconclusive findings. A recent analysis among the AHS farm spouses
revealed no association and a non-significant increased risk for breast cancer with ‘ever’
use of chlordane and heptachlor by the spouses’ applicator-husbands[60]. Similarly, in my

previous analysis of OC personal use among the AHS farm spouses, neither chlordane nor
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heptachlor were associated with breast cancer. In addition to my significant findings for
heptachlor residential use exposure, | also reported significant associations for breast
cancer overall and ER+PR+ breast cancer at the third quartile category of exposure. Overall
non-occupational exposure estimates for heptachlor were derived from all three individual
non-occupational pathways. Moreover, estimates from the residential use pathway of
heptachlor exposure were found to contribute between 63% and 100% of the overall non-
occupational heptachlor exposures among cases of breast cancer and breast cancer subtypes
(data not shown). Few prior studies have been able to evaluate specific residential use
exposures to heptachlor; it is therefore possible that my significant findings are due to the

added exposure contributed by the estimates representing the residential use pathway.

Overall non-occupational dieldrin exposures were significantly associated with an
increased risk for ER+PR+ breast cancer among 15 exposed cases. Dieldrin was recently
reclassified by IARC as a 2A carcinogen [15], based on limited evidence for breast cancer
among humans [34, 35, 102] and sufficient evidence for carcinogenicity in animal studies
[118-120]. However, few epidemiology studies have examined associations with OCs and
breast cancer subtypes, and most have not found positive associations [82-84, 121]. An
earlier study of AHS farm spouses found evidence for a significant increased risk of breast
cancer among women who never personally used dieldrin, but whose husbands did
personally apply the pesticide [34]. However, this study was unable to assess associations
between the wives’ personal use of dieldrin and breast cancer due to the low number of
dieldrin exposed breast cancer cases. In my follow-up analysis of OC personal use among

the AHS farm spouses and cancer risk, dieldrin was significantly associated with an
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increased risk of ER-PR- breast cancer based on 3 exposed cases [105]. Similar to other
OCs, in vitro and animal studies have suggested that dieldrin also has the potential to elicit
tumor promoting effects through the induction of ER androgen receptor and aromatase
activities [30, 73, 74, 85, 86]. However, given the existing literature and the lower number
of exposed cases in my two most recent analyses, | do not see strong evidence for an
association between dieldrin and breast cancer.

There was a significant increased risk for ER+PR+ breast cancer and DDT exposure
through the take-home pathway at the third quartile level, with no evidence for a positive
exposure-response trend. Most epidemiology studies examining breast cancer and OCs
have focused largely on exposures to DDT and have demonstrated null or no associations
[31, 35, 37, 40, 68, 102, 122]. An early epidemiologic study found a two to four-fold
increased risk of breast cancer among women with the highest serum DDE categories, with
a positive trend with increasing serum DDE [32]. However, a follow-up study with greater
sample size found no evidence for an association of breast cancer risk with serum DDE
categories [33]. In addition several studies among the AHS farm spouses have found no
evidence for an association with DDT and breast cancer [34, 60], including my most recent
analysis of OC personal use and cancer incidence among the AHS farm spouses [105].
Given my results here and the existing body of literature, |1 do not see strong evidence for
a suggestion between active-ingredient specific OC exposures and breast cancer.

Strengths of this study include the ability to assess associations between cancer
outcomes and quantitative subject-specific estimates of individual OC active-ingredients

through multiple non-occupational pathways of exposure. This study is an improvement
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over previous etiologic analyses that relied on either the spouses’ personal use of OCs
[105], or were based on surrogate measurements to estimates non-occupational pesticide
exposures [34, 60]. In addition, most OCs examined in this analysis have been banned for
use in the United States since the 1970s. Since OCs have long half-lives and are persistent
in the environment and the human body [3, 6, 7], it is important to assess OC exposures
through non-occupational pathways, particularly among farm populations where OCs may
have been used in the past. Moreover, kappa values between the ‘ever’ personal use of
individual OC active-ingredients among the female farm spouses and their applicator-
husbands revealed little to no agreement. The driving force behind the non-occupational
spousal algorithm relied on the applicators’ ‘ever’ pesticide usage. Thus, these correlations
suggest that the results of this study capture previously unassessed OC exposures compared
to my previous analysis of OC personal use and cancer risk among the AHS spouses.
Furthermore, the inclusion of these pathway exposures allows for additional power to
detect associations with OC exposures and cancer outcomes while reducing exposure
misclassification. Other strengths of this study include the prospective longitudinal design
of the AHS with little loss-to-follow-up, subject-specific questionnaire information on the
use of specific OCs, available information on many possible confounders, and regular

assessment of cancer incidence and mortality via linkage with state registries.

Limitations of this study include exposure misclassification, which underestimated
OC exposures. The non-occupational spousal algorithm is not able to account for the
impact of OC exposures prior to the spouses’ marriage to their applicator-husbands. Since

the non-occupational spousal algorithm is limited by the AHS questionnaire information,
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it does not include an exposure time-window prior to the spouses’ marriages to their
applicator-husbands. Given that the time-period of peak OC use occurred prior to study
enrollment, it is possible that the risk estimates are based on underestimated exposures to
individual OCs. In addition, the algorithm does not account for alternative pathways of
non-occupational exposures including dietary and bystander exposure pathways. Because
OCs are a historically used group of insecticides, with an ability bioaccumulate in the
environment [3, 6, 7], it has been reported that dietary routes may contribute most
significantly to OC exposures in human populations [3, 14]. The inability to account for
the dietary pathway in particular, may also contribute to an underestimation of OC

exposures.

An additional limitation of this study is the restriction of my study population to
those farm spouses with complete Phase III questionnaires. The ‘years together while
applied’ variable was a critical component to both the take-home pathway and agricultural
drift pathway equations. However, this variable was based on information provided by the
Phase 111 questionnaire. At the time of this analysis, this variable had not been determined
for those spouses without a complete Phase 111 questionnaire, and they were subsequently
excluded from this study analysis. Overall, this excluded group was on average 7.8 years
older than the current study population (data not shown). Since OCs were historically used
it is likely that this excluded spouse subset had higher exposures to the aforementioned
OCs, than the current study population. Therefore, the reintroduction of this spouse
population into the study analysis should increase the number of exposed cases for each of

these OCs, and thus contribute more power to risk analyses.
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Another limitation in this analysis includes the inability to disentangle associated
cancer risks of OC exposures between the take-home and agricultural drift pathways, due
to their common equation components of days and years of applicator-husbands’ use. From
my Aim 2 analyses it was found that across all OCs, exposures between the take-home and
agricultural drift pathways were highly correlated (rs > 0.98). Additionally, exposures for
the take-home pathway and the sum of take-home and agricultural drift pathways and
between the agricultural drift pathway and the sum of the two pathways were also highly
correlated across all OCs (rs>0.97). These correlations help to explain the inability to
analyze separately the ‘ever’ vs ‘never’ OC exposures by the take-home and agricultural
drift pathways (Table3). In addition, this also helps to explain the similarities between risk
estimates of breast cancer with each individual category of OC exposures for each of the
take-home and agricultural drift pathways. As more published exposure data becomes
readily available, future analyses may want to consider reexamining and amending the
predictor variables which make up the individual pathway equations of the non-

occupational spousal algorithm.

Other limitations include the small number of exposed cases to specific OCs across
categories of exposure. In addition, individual pathway specific OC exposure estimates
were partly based on pathway weights which were derived from measurements of pesticide
concentrations in house dust (Aim 2), and do not reflect doses of OC exposures among the
spouses. The exposure estimates calculated only allow for comparisons between relative
categories of exposure among OCs and between individual pathways and cannot be

interpreted as doses of exposure.
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CONCLUSIONS

While most of the results of this analysis did not demonstrate consistent significant
associations, this study represents the first evaluation of cancer risk with quantitative
estimates of non-occupational pesticide exposures among the AHS female farm spouses.
Future AHS studies should look to include the formerly excluded AHS female farm
spouses from this study population in order to increase study power. While a few of my
findings were consistent with previous results, most were not and thus warrant replication
in future analyses with additional exposed cases and longer follow-up time. Finally, to fully
evaluate the role of non-occupational OC exposures on cancer risk in women, future studies

should look to examine all possible cancer sites, including uterine and ovarian cancers.
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Chapter 5. DISCUSSION

This dissertation sought to better understand OC exposures and associated cancer
risks among the AHS farm women. Prior to this study, few analyses had examined personal
OC insecticide use or pathway specific sources of non-occupational OC exposures with
cancer risk among female spouses of pesticide applicators. In addition, studies which had
evaluated cancer associations with non-occupational pesticide exposures, had been limited
by surrogate measurements, unavailable questionnaire information, or non-specific
biological markers. The analyses of this dissertation help to inform both future evaluations
of OC exposures with risk of cancer, as well as future exposure characterizations of non-

occupational OC exposures among farm women.

Summary of Aims

My first aim prospectively evaluated associations between the self-reported
personal use of seven individual OCs (i.e. aldrin, chlordane, dieldrin, DDT, heptachlor,
lindane and toxaphene) and incident cancers among the AHS female farm spouses [105].
Although the numbers of exposed cases were small, | observed statistically significant
increased risks for use of individual OCs insecticides and several cancers, including any
OC use and glioma, lindane use and glioma and pancreatic cancer, chlordane use and MM,
and dieldrin use and ER-/PR- breast cancer. Most previous studies of OC exposures and
cancer, with the exception of DDT and breast cancer [16, 31-33, 35-37, 39, 40, 68, 96],
have been conducted among occupationally exposed men [20, 21, 23-26, 44, 48, 65, 66,

76]. In addition, few studies have examined the personal use of specific OCs, and no studies
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had previously prospectively evaluated OCs and other hormone-mediated cancers among
women. Farm women may be exposed to pesticides via personal use and non-occupational
OC exposures, such as from their husband’s pesticide activities and from living in close
proximity to treated fields. Due to this, my second aim sought to better understand and
quantify OC exposures via non-occupational pathways among the AHS female farm
spouses.

In my second aim, | applied for the first time a newly developed quantitative active
ingredient-specific algorithm [62] to characterize cumulative non-occupational OC
exposures for the AHS female farm spouses of pesticide applicators. | calculated median
and IQRs of non-zero OC exposure estimates stratified by the spouses’ personal use of the
seven individual OCs (aldrin, chlordane, dieldrin, DDT, heptachlor, lindane and
toxaphene). | identified an increase in prevalence of OC exposures through non-
occupational pathways, compared to exposure through the spouse’s personal use alone. In
addition, | captured variability in OC exposure intensities among the spouses. This
exposure characterization allowed for an improvement of previous studies of pesticide
exposure estimates, which relied solely on direct pesticide use or surrogate metrics to
estimate non-occupational exposures. Furthermore, this first application of this algorithm
allowed for an improved characterization of OC exposure differences among the spouses,
thereby reducing exposure misclassification in future etiologic analyses of the AHS farm
spouses.

Finally, my third aim used the OC exposure estimates derived from my second aim

analyses to examine risk associations between OC non-occupational exposures and breast
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cancer risk among the AHS female farm spouses. This etiologic analysis represented the
first risk analysis to examine associations of cancer risk with quantitative estimates of non-
occupational pathways of pesticide-specific exposures among the AHS female farm
spouses. While | observed some significant associations, in general my findings did not
demonstrate strong evidence for an elevated risk of breast cancer. Among my significant
findings, most were observed at the lowest category of OC exposures. Take-home
exposures of toxaphene and DDT were associated with ER+PR+ breast cancer.
Agricultural drift exposures of toxaphene and aldrin were associated with breast cancer
overall and ER+PR+ breast cancer. Residential use exposures of heptachlor and chlordane
were associated with ER+PR+ breast cancer, and overall non-occupational exposures of
toxaphene, heptachlor, aldrin, and dieldrin were associated with ER+PR+ breast cancer.
Taken together, my dissertation showed that exposures to OCs through their personal use
and through non-occupational pathways, may contribute to increased cancer risk among
female farm spouses of pesticide applicators

My three dissertation analyses represent a unique characterization of OC exposures
and evaluation of cancer risks associated with multiple pathways of non-occupational
exposures among the AHS female farm spouses. The results of my studies may help to
inform both future risk analyses of OC exposures and cancer outcomes, as well as future

characterizations of non-occupational OC exposures among farm women.
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Future Directions

The studies presented in this dissertation have helped to identify opportunities for
future research. Firstly, the AHS non-occupational spousal algorithm [62] may be applied
to other populations outside of the spouses of pesticide applicators including other family
members of pesticide applicators living and working on farms, as well as to general
populations living near or around agricultural areas. However, the intensity weighted
exposure estimates calculated using the algorithm would need to be validated in order for
the algorithm to be extrapolated to other populations. AHS researchers are currently using
house dust samples among a subset of AHS applicators enrolled in the Biomarkers of
Exposure and Effect in Agriculture (BEEA) study [123] to determine if the algorithm
calculated pathway specific pesticide exposure estimates are associated with pesticide dust
concentrations. A similar approach was used in the validation of the formerly created AHS
applicator’s occupational exposure algorithm [124-126].

Another area of future research should include addressing the underestimation of
algorithm derived non-occupational OC exposures estimates among the AHS farm
spouses. As previously mentioned, the non-occupational spousal algorithm does not
capture the time-window of exposure prior to when the spouses were married to their
applicator husbands. This is particularly limiting for the evaluation of OCs and is a source
of possible exposure underestimation, given the OCs peak use in the U.S. (1940s-1960s)
relative to the enrollment time period of the AHS spouse-applicator pairs (1990s). Since
OCs are a highly persistent class of pesticides, their detection in blood serum has been used

as an indication for past exposures in previous studies [14, 31, 37, 127]. For example,
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previous biomonitoring studies have found detectable categories of DDT derivatives in
blood serum among general populations as well as those occupationally exposed through
the production of DDT, many years following past exposures. Similar biomonitoring
studies among farming populations may serve to capture previous exposures to OCs and
reduce OC misclassification, while increasing power to detect associations with cancer in
future etiologic analyses.

Early life exposures to OCs during critical developmental windows have been
suggested to play a role in the onset of breast cancer in adulthood [69-72] and should also
be explored in future studies. OCs have been reported as having endocrine disrupting
properties with an ability to bioaccumulate in human adipose tissues [29, 31]. It is therefore
possible that early life exposures to OCs may contribute to cumulative OC exposures in
the human body and the onset of hormone-mediated cancers later in life. Limitations with
respect to questionnaire information make it difficult to assess early life exposures to OCs
and their impact on incident cancers within the AHS farm spouse cohort. Currently, AHS
researchers are developing a cohort comprised of the offspring of AHS pesticide
applicators called the study of Early Life Exposures in Agriculture (ELEA). This study
may serve to help better characterize exposures to OCs in childhood and elucidate their
relationship to cancer outcomes in adulthood. Future studies of farm women should also
look to address these questionnaire gaps while developing surrogate measurements of early
life exposures to improve upon current exposure characterizations of OCs in etiologic

analyses.
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Subsequent analyses among the AHS farm spouses should look to address
additional limitations of the AHS non-occupational spousal algorithm, including the
inability to assess bystander exposures and dietary routes. A better characterization of OC
exposures by these pathways may help in the application of the algorithm to general
populations and to those living in or around farming communities, which may experience
pesticide exposures through these indirect paths. Due to the ban of OCs in western
countries and their environmental persistence, general populations are most likely to
experience exposures through dietary routes as well as through runoff from manufacturing
plants that previously produced OC containing products [14]. At the time of publication of
the non-occupational algorithm, there was limited data available to quantify bystander and
dietary routes of exposures to OCs and these paths were thereby removed from the final
algorithm. However, as more data becomes available it is possible that surrogate
measurements of exposure for these paths may be developed in order to better capture

cumulative OC exposures.

Conclusions

The studies presented here demonstrate that the personal use of OCs as well as non-
occupational OC exposures may be related to an increased risk of some cancers among the
AHS farm women. In addition, the characterization of non-occupational OC exposures
among the AHS farm spouses, as well as the subsequent risk analysis, represent the first
application of the newly published AHS non-occupational spousal algorithm [62]. Few
prior studies have been able to examine active-ingredient specific personal use of pesticides

and cancer risk among a population of farm women, or characterize and analyze the
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relationship between quantitative estimates of non-occupational pathway specific pesticide
exposures and cancer. The analyses of this dissertation may help to serve as a starting point
for future exposure characterization studies of non-occupational pesticide exposures and
subsequent cancer etiologic analyses, among populations living near or around agricultural

areas.
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