The Agricultural Health Study

Prostate Cancer Risk
Farmers have been reported to be at increased risk for some cancers, including cancers of the hematopoeitic system, connective tissue, skin, brain, prostate, stomach and lip.  Farmers are exposed to pesticides, solvents, fuels and oils, engine exhaust, dust, animals and other hazards, but previous studies generally have not been large enough or have not included enough detailed information about specific exposures, making it difficult to interpret results.  

We are examining cancer incidence and other health endpoints in licensed pesticide applicators and spouses from North Carolina and Iowa.  The Agricultural Health Study (AHS) is a long-term prospective study of potential health effects associated with pesticides and other agricultural exposures. The study is a collaboration of the National Cancer Institute, the National Institute of Environmental Health Sciences, and the US Environmental Protection Agency.  Between 1993 and 1997, we enrolled more than 57,000 licensed applicators, representing 82% of eligible private pesticide applicators (largely farmers) in Iowa and North Carolina and 43% of commercial applicators from Iowa. More than 32,000 spouses of farmer applicators also enrolled.  A first wave of follow-up interviews with participants began in 1999 and will be completed this year.  Cohort members are matched annually to vital statistics and population-based cancer registries in each state to determine mortality and cancer incidence.  

Between enrollment and December 31, 2000, a total of 2,504 new cases of cancer were diagnosed among applicators.  In an initial evaluation of cancer incidence, rates among applicators  were compared to the expected rates in each state, adjusted for age- and calendar year1.  After an average 5.3 years of follow-up, the overall cancer incidence among the private applicators and their spouses was lower than expected, with standardized incidence ratios (SIR) of 0.80 and 0.83.  The cancer incidence among commercial applicators was similar to that expected (SIR = 1.01).  Private applicators had a small but significantly increased risk of prostate cancer (SIR = 1.16, 95% CI 1.07-1.25).  Although not significantly increased, some other cancers previously linked to pesticides or farming were elevated, including lip cancer among applicators and melanoma among spouses.  Female applicators had significantly more ovarian cancer, but results were based on a small number of observed cases.  Commercial applicators who are on average 9 years younger than private applicators also had increased risk for prostate cancer compared to the rates of similarly aged men in Iowa (SIR =1.29), although this risk was not statistically significant.  

Farming and working with pesticides have previously been associated with prostate cancer.  Potential farm-related risk factors include exposure to insecticides, fertilizers, herbicides, and other chemicals, although the role of specific chemicals has not been firmly established.  In more detailed evaluation of the role of agricultural factors in the development of prostate cancer, internal analyses were used to compare exposed with unexposed cohort members.

Through December 31, 1999, 566 new cases of prostate cancer had been diagnosed among 55,332 male private and commercial pesticide applicators with no history of prostate cancer at enrollment,  This was by far the most common type of cancer occurring in the cohort, with a standardized incidence ratio of 1.14 (95% CI = 1.05-1.24).  To explore this risk further, we compared applicators who developed prostate cancer to the remaining cohort members to identify potential risk factors2. 

Prostate cancer risk increased with age and with family history of prostate cancer.  Risk also tended to be higher for nonwhites, smokers, and those with more than a high school education.  Other potential life style risk factors and non-farm occupational exposures were not associated with prostate cancer in this population.

We evaluated risk associated with a total of 50 specific pesticides – 18 herbicides, 22 insecticides, 6 fungicides, and 4 fumigants. For 22 of these, we had detailed information from the enrollment questionnaire for all applicators.  For the remaining 28 pesticides, details such as frequency and duration of use were available only for the subset of applicators who had completed a comprehensive take-home questionnaire.  We carried out a factor analysis to identify patterns of pesticide use, and computed several measures of pesticide exposure including ever use, application days per year, total years of exposure, an exposure intensity index which takes into account application method, use of protective equipment, and whether the applicator repaired application equipment which would tend to increase exposure, and a cumulative pesticide exposure score which multiplied together application days, years of exposure, and exposure intensity.  A second exposure intensity index took into account additional details concerning mixing and application methods, and other factors and behaviors that could modify exposure available for those who completed the take-home questionnaire.  

Prostate cancer risk was associated with a pesticide use pattern characterized by older age, and use of chlorinated pesticides including aldrin, chlordane, dieldrin, DDT, heptachlor, and toxaphene as well as two chlorinated phenoxy herbicides, 2,4,5-T and 2,4,5-TP.   Ever use of several of these individual pesticides was associated with increased prostate cancer risk, but no clear dose response trends were seen.  Ever use of the fumigant methyl bromide was associated with a slight but not significant increase in risk (odds ratio (OR) = 1.10, 95% CI=0.77-1.36) but the odds of prostate cancer increased significantly with increasing cumulative exposure.  Compared with no exposure, the risk of prostate cancer for applicators at the highest level of exposure was increased 3.5-fold.  

A family history of prostate cancer appeared to modify risks associated with several chemicals.  Whereas little or no risk was observed among persons without a family history of prostate cancer, among those with a family history, prostate cancer risk was significantly associated with exposure to butylate, aldicarb, carbofuran, coumaphos, 2,2-dichloroethenyl, fonofos, permethrin, and phorate, and odds ratios were suggestively increased for several additional chemicals.  In many instances, the differences between those with and without a family history represented significant interactions. 

While the results linking a pattern of organochlorine pesticide use and prostate cancer are intriguing, the fact that no individual chemical was associated with an exposure–response relationship suggests that the relationship between prostate cancer and chlorinated pesticides could be due to other factors that are correlated with this pesticide use pattern.  The only statistically significant dose-response trend we observed was for methyl bromide.  This could be a chance observation, but other factors suggest the association should be further evaluated.  Methyl bromide was significantly associated with prostate cancer in both states and in both private and commercial applicators.  The association was seen with more than one exposure metric, and the inclusion of other pesticides in the statistical models did not alter results.  Methyl bromide is an alkylating agent considered by NIOSH to be a potential occupational carcinogen.  Small experimental studies provide evidence of genotoxicity, and industrial hygiene studies demonstrate high concentrations of methyl bromide in the breathing zone of agricultural workers performing soil fumigation under tarps.  Even so, if methyl bromide is responsible for an elevated prostate cancer risk, it may be only among the most highly exposed.  This could also be a chance finding as there was no prior evidence for an association with prostate cancer risk.  

Family history of prostate cancer was associated with a nearly 2-fold increase in prostate cancer risk in this cohort.  The interactions between family history and pesticide exposure suggest the possibility of shared genes or other exposures that increase susceptibility to adverse effects of these pesticides.  We will continue to identify new cases of prostate cancer among applicators.  As part of our follow-up efforts, we are collecting buccal cells to obtain DNA for genetic analyses.  The role of specific gene polymorphisms that may play a role will be explored in the future as more cases accrue.  

Future activities planned include a re-analysis of prostate cancer – pesticide relationships next year when about 500 additional prostate cancers will be available.  A nested case-control study is being planned to evaluate gene – pesticide interactions in the development of prostate cancer.  
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