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Abstract
We investigated the relationship between agricultural pesticides and colorectal cancer incidence in
the Agricultural Health Study. A total of 56,813 pesticide applicators with no prior history of
colorectal cancer were included in this analysis. Detailed pesticide exposure and other information
were obtained from self-administered questionnaires completed at the time of enrollment
(1993-1997). Cancer incidence was determined through population-based cancer registries from
enrollment through December 31, 2002. A total of 305 incident colorectal cancers (212 colon, 93
rectum) were diagnosed during the study period, 1993-2002. Although most of the 50 pesticides
studied were not associated with colorectal cancer risk, chlorpyrifos use showed significant exposure
response trend (p for trend = 0.008) for rectal cancer, rising to a 2.7-fold (95% confidence interval:
1.2-6.4) increased risk in the highest exposure category. Aldicarb was associated with a significantly
increased risk of colon cancer (p for trend = 0.001), based on a small number of exposed cases, with
the highest exposure category resulting in a 4.1-fold increased risk (95% confidence interval:
1.3-12.8). In contrast dichlorophenoxyacetic acid showed a significant inverse association with colon
cancer but the association was not monotonic. Our findings should be interpreted cautiously since
the literature suggesting that pesticides are related to colorectal cancer is limited. Nonetheless the
possibility of an association between exposure to certain pesticides and incidence of colorectal cancer
among pesticide applicators deserves further evaluation.
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Introduction
Colorectal cancer is the third most common incident cancer in the United States, with an
estimated 106,370 new diagnoses of colon cancer and 40,570 rectal cancers in the year 2004
in the United States.1 The substantial worldwide variation in incidence rates for colorectal
cancer may be explained by dietary and other environmental factors.2 Colorectal cancer is not
commonly considered to be occupational in etiology, but elevated risks have been reported
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among workers in the textile industry,3,4 in the automobile industry,5-7 in the beverage
industry,8 in subjects exposed to asbestos,9-12 dioxin,13 wood dust,14 organic solvents15-17 and
metal-working fluids.18

The risk of colorectal cancer is generally found to be lower in farmers, although the reason for
these deficits are not entirely clear, lower smoking rates and higher levels of physical activity
may be involved.19 Some epidemiologic studies have found a link between exposure to
pesticides and risk of colorectal cancer. In mortality studies from Italy20 and Iceland21, risks
of rectal cancer were increased in farmers. In a study of pesticide manufacturing workers from
the Netherlands22 and a follow-up study in the same population,23 the risk of rectal cancer was
about three-fold among those exposed to the insecticides dieldrin and aldrin. An excess risk of
mortality from rectal cancer was observed in a cohort of workers from organochlorine pesticide
manufacturing plants in the United States.24 Elevated colorectal cancer risks have been
observed in American cohorts of manufacturing workers exposed to the herbicide alachlor.
25-27 A study from Egypt reported that colorectal cancer patients had higher serum
organochlorines levels than controls.28 Other studies of farmers29,30 and pesticide
manufacturers,31-33 however, did not show any excess risk of colorectal cancer.

Previous studies have had limited information on pesticide exposure, small sample size, and
inadequate control of potential confounders, such as certain dietary factors. To more carefully
evaluate whether agricultural pesticide exposures were associated with the risk of colorectal
cancer in a farming population, we examined risks among participants in the Agricultural
Health Study cohort.

Material and methods
Study population

The Agricultural Health Study is a prospective cohort of certified pesticide applicators and
their spouses in Iowa and North Carolina.34 Recruitment began in December 1993 and
continued through December 1997. A total of 57,311 private and commercial pesticide
applicators (approximately 84% of eligible applicators in both States) enrolled in the study by
completing an enrollment questionnaire when they sought a restricted-use pesticide license
from the State Cooperative Extension Services or Department of Agriculture. Private
applicators were farmers or nursery workers, and commercial applicators were persons
employed by pest control companies or businesses that use pesticides. In Iowa, both
commercial and private applicators attend the same pesticide certification testing sessions, and
both were invited to participate in the study. In North Carolina, because private applicators
attended separate training, only private applicators were enrolled. Private and commercial
applicators were also asked to complete “take-home” questionnaires that sought more extensive
information on physical activity, dietary habits and medical conditions as well as exposure
details for some of the pesticides of interest. The take-home questionnaire was completed by
25,291 applicators (44%).

Of the 57,311 total pesticide applicators in the Agricultural Health Study cohort, those with a
diagnosis of colorectal cancer prior to enrollment (n = 159) or those who were not residents of
Iowa or North Carolina at the time of licensing (n = 339) were excluded from the present study,
leaving 56,813 eligible applicators.

Case ascertainment
Cohort members are matched to cancer registry files in Iowa and North Carolina annually for
case identification and to the state death registries and to the National Death Index annually to
ascertain vital status. For the current analysis, incident cancers were identified from the date
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of enrollment (i.e., 1993–1997) through December 31, 2002. Colorectal cancers were coded
according to the International Classification of Diseases for Oncology (ICD-O-2).35 Cohort
members who were alive at the end of follow-up, but no longer residing in Iowa or North
Carolina (n= 658), were identified through the current address records of the Internal Revenue
Service, motor vehicle registration offices, and pesticide license registries of State agriculture
departments. Person-year accumulation was censored for these individuals in the year that they
left Iowa or North Carolina. All participants provided verbal informed consent, and institutional
review boards of the National Cancer Institute, Batelle (the field station in North Carolina),
the University of Iowa (the field station in Iowa), and Westat (coordinating center for the study)
approved the protocol.

Exposure assessment
The self-administered enrollment questionnaire collected comprehensive exposure data on 22
pesticides and ever/never use information on 28 additional pesticides, as well as information
on use of personal protective equipment, pesticide application methods, pesticide mixing
status, equipment repair status, smoking history, alcohol consumption, fruit and vegetable
intake, medical conditions, history of colorectal cancer in first-degree relatives and basic
demographic data. All participants who completed the enrollment questionnaire were also
given a self-administered take-home questionnaire that included more detailed information on
the 28 pesticides reported as ever/never use in the enrollment questionnaire and additional
information on lifestyle characteristics, height and weight, dietary habits, hours spent in
strenuous physical activity, medical history and use of aspirin and other medications. Both
questionnaires may be found at http://www.aghealth.org/questionnaires.html.

Data from the enrollment questionnaire and measurement data from the published pesticide
exposure literature were used to estimate the intensity of exposure to individual pesticides using
the following formula: intensity level = (mixing status + application method + equipment repair
status) × personal protective equipment use, where the various levels of the four elements of
the intensity score were weighted to reflect their importance on exposure.36

We constructed two lifetime pesticide exposure variables for this analysis. The first, lifetime
exposure-days, was based on the number of years an applicator personally applied or mixed
specific pesticide multiplied by the mean number of days in an average year an applicator
personally mixed or applied each pesticide (i.e., years of use × days per year). The second
lifetime pesticide exposure variable, intensity-weighted exposure-days, was lifetime exposure-
days multiplied by the intensity level (i.e., years of use × days per year × intensity level). Both
exposure variables were available for all applicators on 22 pesticides included in the enrollment
questionnaire, but they were only available for the subset of applicators that returned the take-
home questionnaire on the remaining 28 pesticides.

Data analysis
We conducted unconditional multivariate logistic regression37 to compare colorectal cancer
cases with non-cases on a number of factors possibly associated with colorectal cancer risk
since the follow-up period for case ascertainment was relatively short and the colorectal cancer
incidence rate did not vary appreciably during the period. We estimated the odds ratios (ORs)
and 95 percent confidence interval (CI) for colorectal cancer for individual pesticides. The
reference groups for the various analyses are indicated in the tables. For the pesticide analyses,
the referents included all applicators who did not mix or apply the specific pesticide.
Applicators were classified as exposed or not to specific pesticides, and among those who
reported using the pesticide, the exposures were classified in tertiles based on the distribution
of exposure days or intensity weighted pesticide days reported by cases. If the highest tertile
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contained 10 or more exposed cases, it was further divided into two for the exposure response
analysis.

All ORs were adjusted for age (<45, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74 and ≥75 years),
state of residence (Iowa, North Carolina), smoking history (never, <11, 11-27, >27 pack-years)
and by total pesticide application days to any pesticide (<87.5, 87.5-224.7, 224.8-507.5, >507.5
days). The total days of pesticide application was used as a surrogate measure of other potential
pesticide and farming exposure. The tertile value of pack-years and quartiles of total pesticide
application days among colorectal cancer cases were used to classify the categories. To control
more fully for potential confounders, we also included variables for body mass index, race,
license type, education level, aspirin intake, family history of colorectal cancer, physical
activity, smoking, as well as intakes of meat, fruits, vegetables and alcohol. Since the ORs for
colorectal cancer did not vary meaningfully for any pesticide examined in the two models, the
smaller models are presented.

We analyzed exposure-response trends by including the categorical score (i.e., 0, 1, 2, 3) of
each group as a continuous variable in the models and testing for the statistical significance of
the slope. All tests of statistical significance were two-sided (α=0.05). In addition, we
conducted sub-analyses of colorectal cancer risk by state, as well as anatomic sub-sites
separately (i.e., proximal colon including cecum, appendix, and ascending colon; transverse
colon including hepatic flexure, transverse colon, and splenic flexure; distal colon including
descending and sigmoid colon; rectosigmoid junction; and rectum).

Results
A total of 305 incident colorectal cancers occurred among applicators during the mean follow-
up period of 7.3 years between enrollment (i.e., 1993-1997) and December 31, 2002. Odds
ratios for colorectal cancer from various factors are shown in Table 1. Age and smoking were
significant risk factors for colorectal cancer in the pesticide applicators in the Agricultural
Health Study. Elevated colorectal cancer risk was also observed among those in the highest
quartile (≥30.5) of body mass index. Elevated, but non-significant, excess colorectal cancer
risks were observed among non-Caucasian compared with Caucasian applicators and among
commercial applicators compared with private applicators. A non-significant inverse
association was observed with educational level, recreational physical activity and vegetable
intake. No differences were found by state of residence, gender, marital status, or return of the
take-home questionnaire. The characteristics of farmers who completed only the enrollment
questionnaire were quite similar to those of farmers who also completed and returned the take-
home questionnaire.38 Family history of colorectal cancer among first-degree relatives, use of
aspirin, alcohol intake and dietary factors such as fruit, vegetable or meat consumption were
not associated with colorectal cancer risk.

The ORs for ever-use of specific pesticides are presented in Table 2. Among 50 commonly
used pesticides, two insecticides (aldicarb and fonofos) were significantly associated with
elevated risks of colorectal cancer (OR = 1.6; 95%CI 1.0-2.4; OR = 1.4; 95%CI 1.0-1.9,
respectively), which was due primarily to the excess risks of colon cancer; whereas the
herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) was inversely associated with colorectal
cancer risk (OR = 0.7; 95%CI 0.5-0.9). Two other insecticides (carbaryl and toxaphene)
showed significant increased risks of rectal cancer (OR = 2.0; 95%CI 1.1-3.5; OR = 2.1; 95%
CI 1.2-3.6, respectively). Results were similar for those who did and did not complete the take-
home questionnaire (data not shown). None of the fungicides or fumigants was associated with
colorectal cancer risk (Table 2).
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The exposure-response relationships with lifetime exposure days for colorectal cancer and nine
pesticides are shown in Table 3. The nine pesticides reflect those with either positive or negative
associations in the ever-exposure analyses, some evidence of an exposure-response relation,
or an a priori interest. A significant exposure-response trend was observed for rectal cancer
(p trend = 0.008) with the lifetime exposure-days of chlorpyrifos (a phosphorothioate
insecticide) use, rising to a 2.7-fold increased risk (95%CI = 1.2-6.4) in the highest exposure
category. Aldicarb (a carbamate insecticide) exhibited significant increasing trend for colon
cancer with increasing lifetime days of use (p trend = 0.001), with the highest exposure category
resulting in a 4.1-fold increased risk (95%CI = 1.3-12.8). In contrast, 2,4-D (a phenoxy
herbicide) showed an inverse association with colon cancer (p trend = 0.011). No other
significant exposure-response trends were observed among the other individual pesticides
evaluated in our analyses. The intensity-weighted exposure-days algorithm for these pesticides
generally produced similar estimates for colorectal cancer risk compared to lifetime days of
pesticide exposure and these results are not shown. Results from analyses stratified by state
were similar (data not shown).

Because detailed exposure information for many of the pesticides was only available for the
subset of participants who completed the take-home questionnaire, we also repeated the
analyses for pesticides for which frequency data were available on the enrollment
questionnaire, restricting the analysis to those who also completed the take-home
questionnaire. Results were essentially unchanged (data not shown). Risks for colorectal cancer
associated with specific pesticides did not vary with anatomical subtype, although our power
to detect any differences was limited (data not shown).

Discussion
We found that a few pesticides, in particular chlorpyrifos and aldicarb, were associated with
significant excess risks of rectal or colon cancer among pesticide applicators in the Agricultural
Health Study cohort. Since we evaluated 50 pesticides and did not have strong a priori
hypotheses linking specific pesticides with human colorectal cancer risk, these maybe chance
findings from small numbers and multiple comparisons. However, these excesses did show
consistency of the findings by state and some evidence of an exposure-response relation.

Chlorpyrifos [O,O-diethyl-O-(3,5,6-trichloro-2-pyridyl)-phosphorothioate] is one of the most
widely used organophosphate insecticides in the United States.39 Although the literature
provided little evidence of mutagenic or carcinogenic effects of chlorpyrifos in humans,40
some experimental studies found that chlorpyrifos induced mutagenicity,41,42 sister-
chromatid exchanges43,44 and chromosomal loss.45 Chlorpyrifos has been found to modify
endogenous antioxidants in rats, possibly leading to the development of oxidative stress.46 A
case–control study reported increased risk of non-Hodgkin's lymphoma 47 and glioma48 among
male farmers exposed to chlorpyrifos in the United States. In a previous analysis of cancer
among chlorpyrifos users in the Agricultural Health Study cohort, we reported an increased
risk of rectal cancer consistent with our current findings, as well as excesses for cancers of the
lung and brain.49,50 However, the biologic mechanisms for carcinogenicity of chlorpyrifos is
not clear and should be further studied.

Aldicarb [2-methyl-2-(methylthio) propionaldehyde-O-methylcarbamoyloxime] is a
carbamate insecticide. Since aldicarb has not been tested extensively for carcinogenicity in
experimental animals and there are no adequate human studies of the relationship between
exposure to aldicarb and human cancer reported to date,51 our positive association with colon
cancer is new and unexpected. The only human study, which had an ecologic design, found
that aldicarb application was associated with breast cancer incidence in England.53 However,
our results were based on a small number of exposed cases (n=29), so we will need to continue
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to follow-up before a firm conclusion about colon cancer and aldicarb exposure can be made.
Another insecticide showed a positive association with colon cancer (fonofos) and two were
positively associated with rectal cancer (carbaryl and toxaphene) by ever/never exposure
history; however, they did not have significant exposure-response relationships, which
weakens a causal inference.

We did not find significant associations with alachlor, aldrin, and dieldrin, which are all
pesticides previously associated with colorectal cancer in production workers.22,23,25-27

However, these previous studies from pesticide manufacturing workers were based on few
colorectal cancer cases. Our previous study from the Agricultural Health Study cohort53 also
did not support any significant association between alachlor exposure and colorectal cancer
risk.

Unexpectedly we found a lower risk of colon cancer among applicators ever exposed to 2,4-
D. Previous epidemiologic studies of 2,4-D have focused on risks for soft tissue sarcoma, non-
Hodgkin's lymphoma, and Hodgkin's disease, but on few other cancers.54 A slight excess of
colon cancer among farmers in Kansas reporting use of 2,4-D was based on small numbers.
29 The lack of a monotonic exposure-response pattern with lifetime exposure-days weakens
somewhat the argument for a true protective relationship, but further evaluation of this inverse
association is planned for the Agricultural Health Study cohort.

No significant exposure-response relation between pendimethalin and rectal cancer was
observed here, whereas a previous report on pendimethalin from the Agricultural Health Study
found a significantly increased risk of rectal cancer among applicators with the highest lifetime
pendimethalin exposure days.55 The difference in results is due to use of different exposure
cut-points. In the chemical specific analysis, the tertiles were based on total number of cancer
cases, but here the tertiles were based on specific pesticide use by colorectal cancer cases. The
instability in the risk estimate for rectal cancer and pendimethalin exposure using different cut
points suggests that the results should be interpreted cautiously.

We attempted to evaluate the relationship between pesticide exposure and risk of colorectal
cancer by anatomic sub-sites because previous studies have suggested etiologic distinctions
by anatomic sub-site.56,57 Occupational factors also have been reported to influence the risk
of colon and rectal cancer in different ways.58,59 However, the pesticides we analyzed did not
show significantly different risks by anatomic sub-sites, although the number of cases in the
sub-groups was small.

Other factors that may be related to colorectal cancer risk (i.e., physical activity, body mass
index, and smoking) showed results consistent with previous literature,2 while others (i.e.,
family history of colorectal cancer among first-degree relatives, dietary factors and use of
aspirin) were not associated with colorectal cancer risk within the Agricultural Health Study
cohort. Since these factors were not a focus of the Agricultural Health Study research, our data
on dietary factors, non-steroidal anti-inflammatory drug use and family cancer history were
limited and it is possible that misclassification of these exposures may have masked expected
associations. The number of regular users of aspirin and other non-steroidal anti-inflammatory
drugs was small, possibly reflecting the fact that applicators were relatively healthy at
enrollment. Adjusting for lifestyle factors known to be related to colorectal cancer risk did not
alter our results.

One possible limitation of this study is the potential recall bias associated with subjects
recalling pesticide use from many years ago. We have carried out several efforts to assess the
reliability of our pesticide data. A previous evaluation of this issue has shown that recall of
pesticide use by the Agricultural Health Study cohort is as reliable as that for other factors
routinely evaluated by questionnaire in epidemiology studies, such as smoking and alcohol
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use, and to be better than others, such as consumption of fruits and vegetables and physical
activity.60 In addition, we have found that participants in our cohort have provided plausible
information regarding the duration of use of specific pesticides.61 A recent report showed that
our pesticide exposure scores provide a reasonably valid measure of exposure intensity for
pesticide applicators by comparing pesticide exposure algorithm and urine metabolites
monitoring results.62 Although these findings are encouraging, undoubtedly exposure
misclassification occurs. This misclassification would be expected to be nondifferential for
cases and non-cases and the observed effect estimates would likely be biased toward the null.

Since we examined risks for 50 pesticides, it is possible that as a result of multiple comparisons,
some significant findings might have occurred by chance alone. The appropriate method for
adjusting for multiple comparisons in epidemiologic studies, and even the need to do so, has
been a matter of some controversy.63-65 However, consistency of the findings across states,
replication of similar results among participants who completed the take-home questionnaire,
and some evidence of an exposure-response relation in our study provide some protection
against purely chance results.

Despite these limitations, the Agricultural Health Study has several important strengths over
previous studies of pesticide use and cancer risk. This study is the largest epidemiologic study
of applicators exposed to pesticides that has been conducted to date. All exposure information
was collected prior to the diagnosis of cancer, which reduces concerns regarding bias due to
differential reporting among cases and non-cases. This study included comprehensive
questionnaire data that were used to quantitatively estimate pesticide exposure levels and to
control for potential confounding from lifestyle factors. In addition, cancer incidence was
obtained from population-based tumor registries, which eliminates issues related to survival
when mortality data are the outcome. The follow-up of cohort members is also very high in
this cohort (>99%).

In conclusion, this explorative study suggests an association between the incidence of
colorectal cancer and use of certain pesticides, in particularly chlorpyrifos and aldicarb,
although some findings could be due to chance. Given the limited epidemiologic and laboratory
research on these pesticides and on environmental causes of colorectal cancer, further research
is warranted.
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