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Abstract

Background: An excess incidence of brain cancer in farmers has been noted in several studies. The National
Institute for Occupational Safety and Health developed the Upper Midwest Health Study (UMHS) as a case–control
study of intracranial gliomas and pesticide uses among rural residents. Previous studies of UMHS participants, using
“ever-never” exposure to farm pesticides and analyzing men and women separately, found no positive association
of farm pesticide exposure and glioma risks. The primary objective was to determine if quantitatively estimated
exposure of pesticide applicators was associated with an increased risk of glioma in male and female participants.

Methods: The study included 798 histologically confirmed primary intracranial glioma cases (45 % with proxy
respondents) and 1,175 population-based controls, all adult (age 18–80) non-metropolitan residents of Iowa,
Michigan, Minnesota, and Wisconsin. The analyses used quantitatively estimated exposure from questionnaire
responses evaluated by an experienced industrial hygienist with 25 years of work on farm pesticide analyses. Odds
ratios (ORs) and 95 % confidence intervals (CIs) using unconditional logistic regression modeling were calculated
adjusting for frequency-matching variables (10-year age group and sex), and for age and education (a surrogate for
socioeconomic status). Analyses were separately conducted with or without proxy respondents.

Results: No significant positive associations with glioma were observed with cumulative years or estimated lifetime
cumulative exposure of farm pesticide use. There was, a significant inverse association for phenoxy pesticide used on
the farm (OR 0.96 per 10 g-years of cumulative exposure, CI 0.93-0.99). No significant findings were observed when
proxy respondents were excluded. Non-farm occupational applicators of any pesticide had decreased glioma risk: OR
0.72, CI 0.52-0.99. Similarly, house and garden pesticide applicators had a decreased risk of glioma: OR 0.79, CI 0.66-0.93,
with statistically significant inverse associations for use of 2,4-D, arsenates, organophosphates, and phenoxys.

Conclusions: These results are consistent with our previous findings for UMHS of reported farm pesticide exposure
and support a lack of positive association between pesticides and glioma.
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Background
Several studies have shown that working on a farm or in
the agricultural industry, particularly for men [1,2], may
lead to higher risks of glioma and other brain cancer [3-
8], while others have not [9-12].
The National Institute for Occupational Safety and

Health (NIOSH) developed the Upper Midwest Health
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Study (UMHS) as a case–control study of intracranial gli-
omas among rural residents. The primary objective of the
UMHS was to determine if pesticides were associated with
an increased risk of glioma, the most common type of brain
tumor in adults [13]. Gliomas were studied to increase the
homogeneity of the case group, in contrast with previous
studies that have combined different types of brain tumors
with likely different etiologies [14].
We found previously that decreased glioma risks were

associated with exposure to farm fumigants among men
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and women, and to insecticides and organochlorine pesti-
cides among men [15,16]. Modest increased risks were
associated with exposure to carbamate fungicides and her-
bicides and dinitroanilines. These papers used “ever-never”
exposure to farm pesticides and analyzed men and women
separately. The present paper focuses on pesticide applica-
tors, uses quantitatively estimated exposure on farm pesti-
cide use and includes both men and women in analyses.
The number of farm pesticide applicators is far smaller

than the number of individuals living on farms where
pesticides are used. Applicators, however, have pesticide
exposure levels higher than nonusers [17-20]. This art-
icle focuses on the epidemiological evidence in the
UMHS between gliomas and farm, other occupational/
non-farm, and house and garden pesticide use.

Methods
The study design and population have been described
previously [21]. Briefly, participants were age 18–80 (at
ascertainment or diagnosis in 1995 through January
1997) residing in four states (Iowa, Michigan, Minnesota
and Wisconsin) in counties where the largest population
center had fewer than 250,000 residents. A coordinating
center in each state enrolled medical facilities, oncolo-
gists, and neurosurgeons, and checked back with all of
them periodically for any newly diagnosed cases. In
addition, the state cancer registries glioma registrations
were reviewed to ascertain any missed diagnoses. Cases
with a histologically confirmed primary intracranial gli-
oma (International Classification of Diseases for Oncol-
ogy [ICD-O] codes 938–948) were identified. Cases with
a prior malignancy other than a glioma were not
excluded. Physician consent was obtained before con-
tacting cases or their next-of-kin. Controls age 18–64
were randomly selected from state driver’s license/non-
driver ID records, and those age 65–80 were selected
from Health Care Financing Administration's (HCFA)
Medicare data within 10-year age group strata, with the
proportion/stratum determined by the age distribution
of glioma cases in that state from 1992 to 1994. Controls
were frequency-matched within a state but not by
county of residence, and were selected even if they had a
self-reported history of cancer other than glioma.
After mailing requests for participation, interviewers tele-

phoned to arrange interview appointments. Enclosed with a
letter confirming the interview appointment was a list of
pesticides used recently and historically in the study states
[22]. Participants were asked to report lifetime pesticide use
on the farm, at other non-farm jobs, and in the house and
garden through 1992, not limited to pesticides on the sup-
plied list. Before the interview the interviewer administered
informed consent. Proxy respondents were used when the
study participant had died or was too impaired to answer
the questionnaire. The questionnaire, modified for use in
the present study, was based on one developed by the Na-
tional Cancer Institute [23].
Participants who applied pesticides (including specific

insecticides, herbicides, fungicides, and fumigants/miticides)
were asked for first year of use, number of years of use, and
days per year of use. Farm insecticide users were also asked
whether the insecticide was used on milk cows, other live-
stock, grains, vegetables, fruit, or farm buildings/lots, and
these targets were grouped in three categories in analyses:
application to animals (milk cows and other livestock), to
crops (grain, vegetable and fruit crops), and to buildings or
lots. Since a participant could report having applied multiple
pesticides, all reported pesticides were treated individually.
Data were imputed for applicators with missing informa-

tion such as first year of use, years of use, days per year of
use, and targets. Estimated last year of use was derived from
first year of use plus the number of years of use. Where the
first year of use was missing for a participant, the median
age at first application (the difference between first year of
use and year of birth) by participants 16 or older (an arbi-
trary decision for minimum age of application) was calcu-
lated (31 years) and added to his or her year of birth.
Analyses were conducted using two different exposure esti-
mates described below and on farm pesticides which had
been reported as having been applied 100 or more times.
The first exposure set of analyses was for cumulative

years of use of each type of pesticide, which was calcu-
lated as reported or adjusted years of use for each target
multiplied by days per year of use (frequency), divided
by 365.25, and then summed across all targets for each
participant. Approximately 2 % of all reported pesticide
uses had adjusted years of use based on imputed first
year of use. Days per year of use were truncated at
250 days per year (n = 4). Zero years of use were
assigned to nonusers (n = 1,328) and those with missing
days per year of use (8 % of all reported pesticide uses).
The second set of analyses relied on exposure assessment

by an experienced industrial hygienist with 25 years of work
assessing pesticide exposures (PAStewart). The assessment
developed estimates for lifetime cumulative exposure by in-
corporating estimated intensity levels. The exposure asses-
sor was blinded to the case–control status. Intensity (in
mg/hr of dermal exposure levels; the likely substantially
lower inhalation level was not estimated) was based on a lit-
erature review of over 100 papers reporting pesticides mea-
surements. Over 20 papers identified measurements on
animal (1990s) or crop farmers (1960s, 1980s and 1990s)
(Appendix A). The measurements covered a variety of pes-
ticides and were reported using a variety of summary statis-
tics, so that while arithmetic averages of the measured
exposure levels, weighted for the number of measurements
in each study, were calculated, estimates of variability were
not. The variability is, however, likely to be high. The mid-
points of the averages calculated for crop applications in
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the 1960s and the 1980s were used as the estimates for the
1970s. The ratio of each decade's average exposure level
for crop applications, compared to that for the 1990s, was
applied to the applications to animals to derive the 1960s-
1980s decennial changes in exposure rates. No data for
periods before the 1960s were available for either target, so
values for the 1960s were assigned to prior decades. The
estimated intensities in the 1960s and prior, the 1970s, the
1980s and the 1990s, respectively, were 113, 78, 43 and
17 mg/hr for applications to animals, and 236, 147, 58, and
22 mg/hr for crop applications. The estimated intensity of
insecticide applications to buildings and fences was derived
from measurements taken during garden spraying with a
handheld sprayer, with no change over time assumed. The
estimated intensity for this use was 10 mg/hr. Intensity
values for insecticide application to animals and buildings/
lots were not applied to herbicide or fungicide exposures
because use of these chemicals was assumed to have been
on crops only. Hours per day was imputed with the follow-
ing estimates: 1–2 (i.e., 1.5) hours per day for animals and
buildings/lots and 6–8 (i.e., 7) for crops.
In addition to year of first use, several other metrics were

imputed for the lifetime cumulative exposure analysis. A
probability estimate of applications on animals, crops or
buildings was assigned if missing, based on the proportion
of non-missing users who applied pesticides to that target.
The questionnaire did not enable reporting different num-
bers of days per year for multiple insecticide targets; there-
fore for participants with more than one target, the days
were proportioned to each target based on the distribution
of all single targets. The number of days, if missing, was
estimated by decade for herbicides and fungicides from the
median of the non-missing reports. Years of use were
adjusted based on the EPA registration dates. Cumulative
exposure (g-years) for each decade was calculated as the
product of intensity (mg/hr), number of hours per day (hr/
day), number of days per year (days/yr), and years in that
decade, and then summed across all decades for cumula-
tive pesticide exposure. This calculation was done for each
type of pesticide, and for insecticides, each target (animals,
crops and building/lot) and then summed for each partici-
pant to derive lifetime cumulative exposure in grams. Zero
years of use were assigned to nonusers.
For both cumulative years and exposure of farm pesticide

use, analyses were also conducted using chemical property-
based categories and adjusted years based on EPA registra-
tion dates. The pesticide list sent to the participants prior
to the interview and all pesticide responses were used to
develop the NIOSH pesticide reference database [24], a re-
lational data base that associates trade names with the ap-
propriate generic name(s). For example, Bronco, Bullet,
Cannon, Freedom, and Lariat are all linked to alachlor. A
reported pesticide trade name also could be associated with
more than one pesticide, as some trade name pesticides
contain more than one pesticide. These pesticides were fur-
ther categorized into groups based on chemical similarity.
If a participant reported using a pesticide before it was on
the market, years of use were reduced.
Exposure assessment for nonfarm occupational pesti-

cide and house and garden use was derived directly from
the questionnaire responses, and a binary variable of
ever/never use of any pesticide was created for analysis.
Unconditional logistic regression modeling adjusted for

the frequency-matching variables (10-year age group and
sex) and for age and education (a surrogate for socioeco-
nomic status: less than high school, high school graduate,
and college graduate (referent group)) was conducted for cu-
mulative years and estimated lifetime cumulative exposure
of farm pesticide use. Age was included as well as age group
to adjust for residual confounding within age groups [25,26].
Sex was included as men and women differ in pesticide use
[27,28]. In addition, stratified analyses by sex were also con-
ducted. One participant with missing education was assigned
high school graduate, the most frequently reported educa-
tion level among participants. Because 98 % of study partici-
pants and state residents were white, race was not used as a
covariate. Odds ratios and 95 % confidence limits were com-
puted to determine if a risk factor was associated with
increased odds for developing intracranial brain gliomas. Ra-
ther than make statistical adjustments for the type of re-
spondent, separate analyses were conducted, with risk
estimated using data from participants only and from parti-
cipants and proxies combined. All the analyses used SAS
software version 9.2 (SAS Institute Inc. Cary, NC).
This study was approved by the NIOSH Human Sub-

jects Review Board (HSRB 94-DSHEFS-08) and by review
boards at every participating institution and was con-
ducted in accordance with subsection (m) of the Privacy
Act of 1974 (5 U.S.C. 552a) and Section 308(d) of the Pub-
lic Health Service Act (42 U.S.C. 242 m) to safeguard indi-
viduals and establishments against invasions of privacy.

Results
There were 228 (29 % of 798) cases and 417 (35 % of 1,175)
controls who reported applying pesticides on the farm, for a
total of 645 users among 1,973 participants. Table 1 shows
the demographic characteristics of all study participants and
those who used pesticides on the farm. Compared with all
participants, cases and controls who used farm pesticides
were, on average, three years older, less likely to have gradu-
ated from college, and more likely to be male. Controls were,
on average, older than cases (p< 0.05). A total of 4,050
pesticide uses (1,737 insecticide, 2,121 herbicide, 102 fungi-
cide, and 90 fumigant/miticide) were reported. Table 2
shows mean cumulative years of use of pesticide and
adjusted glioma odds ratios associated with farm pesticide
uses by major type and target, with and without proxy
respondents. There was no positive association between
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cumulative years of use of any farm pesticide on any target
and glioma risk. Similarly, no significantly positive findings
were observed between glioma risk and estimated lifetime
cumulative exposure (Table 3). The numbers of cases and
controls who reported having applied pesticides and the
numbers having estimated exposures differ because the
former were based entirely on questionnaire data with zeros
assigned to those with missing values, while the latter were
estimated based on literature reviews and expert judgment.
The numbers in Table 2 also represent applicators who ap-
plied that particular pesticide while those in Table 3 indicate
applicators whose exposures could be estimated. The esti-
mated cumulative exposures for a few applicators were zero
because a variable used in calculating cumulative exposure
was zero. A sensitivity analysis excluded all applicators with
zero exposures. While the mean years of use and cumula-
tive exposures increased as expected, the risk estimates
were very close (results not shown).
After linking the pesticide trade names with the NIOSH

pesticide reference database, the number of farm pesticide
uses increased by 289 to 4,339, because some common
trade name pesticides contained more than one pesticide
and thus had more than one property category. Organo-
phosphates had the most pesticide-uses at 792, followed
by organochlorines at 668. Results are shown in Table 4.
Similar to what was observed with major type of pesticide
Table 1 Characteristics of all participants and farm pesticide

All participants

Including proxy respondents Excluding proxy respo

Characteristic Cases Controls Cases Contro

(n = 798) (n = 1,175) (n = 438) (n = 1,1

Agea Mean (S.D.) 51.8 (16.1) 54.6 (15.4) 45.4 (15.3) 54.2 (15

Sex

Male 457 (57 %) 648 (55 %) 242 (55 %) 625 (55

Female 341 (43 %) 527 (45 %) 196 (45 %) 516 (45

Race

White 783 (98 %) 1,152 (98 %) 429 (98 %) 1,119 (9

Non-White 15 (2 %) 23 (2 %) 9 (2 %) 22 (2 %

State of
Residence

I owa 190 (24 %) 302 (26 %) 101 (23 %) 284 (25

Michigan 246 (31 %) 298 (25 %) 133 (30 %) 292 (26

Minnesota 163 (20 %) 257 (22 %) 96 (22 %) 252 (22

Wisconsin 199 (25 %) 318 (27 %) 108 (25 %) 313 (27

Educationb

College Graduate 132 (17 %) 200 (17 %) 89 (20 %) 198 (17

High School
Graduate

523 (66 %) 768 (65 %) 303 (69 %) 752 (66

<12 Years 143 (18 %) 207 (18 %) 46 (11 %) 191 (17
aAge on January 1, 1993. Eligibility requirement was age> 18 at time of diagnosis o
bOne control with unknown education was assigned with ‘High School Graduate’.
and targets, there was in general no positive association of
glioma risk with pesticides. The only statistically signifi-
cant finding was a decrease in risk with phenoxy uses in
analyses with all respondents (adjusted odds ratio (OR)
0.37 per cumulative year of use; 95 % confidence interval
(CI) 0.14-0.93); the finding was no longer significant when
proxy respondents were excluded.
In analyses of the estimated lifetime cumulative expos-

ure of chemical property-based categories, the associa-
tions were again overall null (Table 5). Phenoxy pesticide
use on the farm was again statistically significantly asso-
ciated with a decreased glioma risk among all participants
(OR 0.96 per 10 g-years of estimated lifetime cumulative
exposure, CI 0.93-0.99), and the association was no longer
significant after excluding proxy respondents.
A sensitivity analysis excluded applicators with no esti-

mated years of use of farm pesticide or cumulative pesticide
exposure, and the risk estimates were very close to those
obtained with all participants included (results not shown).
In stratified analyses by sex, men in general had longer

cumulative years of use of farm pesticide and more esti-
mated cumulative pesticide exposure. Their risk estimates
were very similar to those with men and women com-
bined. Women had lower exposure and risk estimates, but
many results were unreliable, especially by pesticide cat-
egory, because of extremely small numbers of cases with
applicators in the Upper Midwest Health Study

Farm Pesticide Applicators

ndents Including proxy respondents Excluding proxy respondents

ls Cases Controls Cases Controls

41) (n = 228) (n = 417) (n = 125) (n = 408)

.4) 54.2 (14.1) 57.3 (13.7) 49.6 (13.5) 57.0 (13.6)

%) 137 (60 %) 268 (64 %) 75 (60 %) 263 (64 %)

%) 91 (40 %) 149 (36 %) 50 (40 %) 145 (36 %)

8 %) 228 (100 %) 415 (99.5 %) 125 (100 %) 406 (99.5 %)

) 0 (0 %) 2 (0.5 %) 0 (0 %) 2 (0.5 %)

%) 64 (28 %) 121 (29 %) 34 (27 %) 115 (28 %)

%) 42 (18 %) 75 (18 %) 23 (18 %) 74 (18 %)

%) 51 (22 %) 101 (24 %) 29 (23 %) 100 (25 %)

%) 71 (31 %) 120 (29 %) 39 (31 %) 119 (29 %)

%) 32 (14 %) 44 (11 %) 22 (18 %) 44 (11 %)

%) 130 (57 %) 272 (65 %) 82 (66 %) 267 (65 %)

%) 66 (29 %) 101 (24 %) 21 (17 %) 97 (24 %)

r control selection.



Table 2 Risk of glioma and years of use of farm pesticide by type and target among applicators and nonusers in the
Upper Midwest Health Study

Pesticide Including proxy respondents Excluding proxy respondents

Type and Target Cases (n = 798) Controls (n = 1,175) Cases (n = 438) Controls (n = 1,141)

na Years of useb n Years of use ORc (95 % CI) n Years of use n Years of use OR (95 % CI)

Insecticide use 196 1.20 (3.30) 361 1.26 (2.93) 0.97 (0.92, 1.03) 109 0.96 (2.23) 353 1.27 (2.96) 0.97 (0.89, 1.05)

Animals 77 2.55 (4.69) 166 2.30 (3.83) 0.97 (0.92, 1.03) 44 1.94 (2.90) 163 2.31 (3.86) 0.97 (0.89, 1.06)

Crops 64 0.45 (1.16) 140 0.58 (2.02) 0.88 (0.68, 1.13) 38 0.43 (1.37) 136 0.59 (2.05) 0.94 (0.71, 1.25)

Buildings/Lots 46 1.92 (4.64) 122 1.49 (3.13) 0.97 (0.89, 1.06) 28 1.07 (2.24) 118 1.50 (3.18) 0.94 (0.79, 1.11)

Herbicide use 160 0.26 (0.74) 265 0.41 (0.98) 0.78 (0.59, 1.01) 90 0.25 (0.68) 260 0.42 (0.99) 0.81 (0.58, 1.14)

Fungicide use 29 0.12 (0.28) 45 0.15 (0.38) 0.81 (0.21, 3.17) 19 0.16 (0.33) 45 0.15 (0.38) 1.41 (0.36, 5.56)
aNumbers of participants reported any use of farm pesticide, and if applicable, on a target. All other study participants are nonusers.
bMean (and standard deviation) of cumulative years of use. Cumulative years of use is calculated as reported years of use times days/year (maximum truncated at
250 days/year) divided by 365.25 as the exposure variable. It is calculated for all uses in a pesticide/target category by an applicator then summed for the
applicator.
cOdds ratio (and 95 % confidence intervals) per cumulative year of use, adjusted for matching variables (10-year age group, sex) and for age, and education.

Yiin et al. Environmental Health 2012, 11:39 Page 5 of 13
http://www.ehjournal.net/content/11/1/39
positive cumulative years of use of farm pesticide or esti-
mated cumulative pesticide exposure (results not shown).
Table 6 presents results for non-farm occupational pesti-

cide use. Ever nonfarm occupational use of any pesticide
among all respondents was associated inversely with glioma
risk: (OR 0.72, CI 0.52-0.99 and this effect was somewhat
strengthened after excluding proxies (OR 0.59, CI 0.39-0.90).
No individual pesticide or broader category of pesticides,
with or without proxy respondents, was associated with a
statistically significant decrease or elevation in glioma risk.
Table 7 presents results for house and garden pesticide

use. Similarly to nonfarm occupational pesticide use,
house and garden pesticide use was associated with a
decreased risk of glioma: OR 0.79, 95 % CI 0.66-0.93,
with statistically significant inverse associations for use
of 2,4-D, arsenates, organophosphates, and phenoxys.
The significant inverse associations remained for any
house and garden pesticide use and use of organopho-
sphates at home after proxy respondents were excluded.
Table 3 Risk of glioma and estimated cumulative pesticide ex
without estimated exposures in the Upper Midwest Health St

Pesticide Including proxy respondents

Type and Target Cases (n = 798) Controls (n = 1,175)

na Exposureb n Exposure ORc (95 %

Insecticide 128 177 (355) 261 155 (263) 0.99 (0.96

Animal 89 117 (211) 175 118 (179) 0.97 (0.91

Crops 78 156 (329) 145 135 (228) 1.00 (0.95

Buildings/Lots 65 1.96 (5.39) 130 1.99 (5.42) 0.99 (0.96

Herbicide 89 149 (255) 163 212 (344) 0.96 (0.91

Fungicide 17 69.0 (89.5) 32 97.5 (164) 0.90 (0.72
aNumber of participants with exposure estimated by an industrial hygienist. All oth
bMean (and standard deviation) of lifetime cumulative exposure in gram-years (g-ye
calculated as 1,000 times the product of intensity (mg/hr) by decade, number of ho
and then summed across all decades.
cOdds ratio (and 95 % confidence intervals) of lifetime cumulative exposure (per 0.5
adjusted for matching variables (10-year age group, sex) and for age, and education
Discussion
We found no positive associations between glioma risk and
the application of any pesticide or any chemical property-
based category. These results are similar to those found in
our study of glioma in women exposed to farm pesticides,
the first investigation of glioma risk and pesticides in women
[15]. Reports on associations between brain cancer and farm
pesticide use in males have not been consistent in cohort
and nested case–control studies of farmers and pesticide
applicators, ecological studies, and case–control studies of
brain cancer [1,2,16]. Studies of pesticide applicator cohorts
have reported brain cancer risks ranging from half of those
of the general population to three times as great; statistically
significant results almost always were restricted to those over
age 65 [23,29-43]. Three case–control studies and one eco-
logical study found a positive statistical association between
farm pesticide exposure and gliomas [2,44-46]. In nearly all
of these studies, the types of pesticides used and estimates of
pesticide exposure were not available. Most did not specify
posure by type and target among participants with or
udy

Excluding proxy respondents

Cases (n = 438) Controls (n = 1,141)

CI) n Exposure n Exposure OR (95 % CI)

, 1.02) 73 139 (265) 255 156 (265) 0.99 (0.94, 1.04)

, 1.03) 48 106 (156) 171 119 (181) 0.98 (0.90, 1.07)

, 1.04) 42 120 (290) 140 137 (232) 0.99 (0.92, 1.06)

, 1.02) 32 1.05 (1.75) 125 2.05 (5.52) 0.95 (0.88, 1.04)

, 1.00) 53 110 (198) 160 214 (347) 0.94 (0.88, 1.01)

, 1.13) 12 76.3 (92.1) 32 97.5 (164) 0.98 (0.78, 1.23)

er study participants are assigned zero exposure.
ars) for participants with estimated exposure. Cumulative exposure is
urs per day (hr/day), number of days per year (days/yr), and years by decade,

g for buildings/lots or per 50 g for all others based on median exposure),
.



Table 4 Risk of glioma and years of use of farm pesticide by category among applicators and nonusers in the Upper
Midwest Health Study

Pesticide Including proxy respondents Excluding proxy respondents

Category Cases (n = 798) Controls (n = 1,175) Cases (n = 438) Controls (n = 1,141)

na Years of useb n Years of use ORc (95 % CI) n Years of use n Years of use OR (95 % CI)

Arsenicals 28 0.03 (0.06) 60 0.09 (0.19) 0.01 (0.00, 1.71) 17 0.03 (0.06) 57 0.09 (0.20) 0.07 (0.00, 14.2)

Benzoic Acid 53 0.09 (0.28) 89 0.11 (0.19) 0.62 (0.13, 2.93) 29 0.05 (0.08) 87 0.11 (0.19) 0.06 (0.00, 2.17)

Carbamates 55 0.14 (0.48) 96 0.10 (0.19) 1.21 (0.47, 3.12) 32 0.15 (0.57) 94 0.11 (0.19) 1.38 (0.48, 3.97)

Chloroacetanilides 71 0.11 (0.23) 112 0.13 (0.25) 0.59 (0.18, 1.92) 37 0.12 (0.24) 110 0.13 (0.25) 0.68 (0.17, 2.77)

Dinitroanilines 56 0.04 (0.09) 85 0.06 (0.11) 0.20 (0.01, 5.41) 28 0.05 (0.11) 83 0.06 (0.11) 0.30 (0.01, 15.0)

Organochlorines 110 0.46 (1.22) 217 0.69 (1.81) 0.86 (0.73, 1.01) 55 0.44 (1.15) 213 0.70 (1.83) 0.86 (0.69, 1.08)

Organophosphates 107 0.47 (1.49) 207 0.55 (1.86) 0.94 (0.80, 1.09) 62 0.25 (0.91) 203 0.56 (1.87) 0.82 (0.57, 1.17)

Phenoxys 92 0.10 (0.27) 172 0.19 (0.42) 0.37 (0.14, 0.93)* 55 0.09 (0.17) 170 0.19 (0.43) 0.42 (0.13, 1.44)

Triazines 103 0.12 (0.31) 183 0.19 (0.55) 0.54 (0.26, 1.14) 57 0.11 (0.23) 179 0.20 (0.55) 0.51 (0.18, 1.45)
aNumbers of users of farm pesticide. All other study participants are nonusers.
bMean (and standard deviation) of cumulative years of use. Cumulative years of use is calculated as reported years of use (adjusted for available year based on
EPA record) times days/year (maximum truncated at 250 days/year) divided by 365.25 as the exposure variable. It is calculated for all uses in a class by an
applicator then summed for the applicator.
cOdds ratio (and 95 % confidence intervals) per cumulative year of use, adjusted for matching variables (10-year age group, sex) and for age, and education
*p< 0.05.
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tumor type; however, gliomas are the most common tumors
and men, the focus of most pesticide studies, have a higher
incidence of glioma than do women [47].
A review of the literature on brain cancer and pesticide

exposure concluded that “the results of retrospective
case–control studies are conflicting” and that the data
were insufficient to assume a causal relationship between
pesticide exposure and brain cancer [1]. Since that review,
four more studies [9-12] did not find a positive association
between pesticide exposure and glioma. In contrast, two
French studies have found an increased risk of brain
Table 5 Risk of glioma and estimated cumulative pesticide ex
estimated exposures in the Upper Midwest Health Study

Pesticide Including proxy respondents

Category Cases (n = 798) Controls (n = 1,175)

na Exposureb n Exposure ORc (95 %

Arsenicals 15 4.86 (6.55) 36 49.5 (80.9) 0.95 (0.90

Benzoic Acid 29 42.6 (72.6) 55 52.9 (73.4) 0.97 (0.92

Carbamates 34 56.7 (125) 65 43.2 (86.9) 1.00 (0.97

Chloroacetanilides 39 47.7 (72.1) 69 44.1 (60.0) 0.99 (0.94

Dinitroanilines 29 19.1 (28.8) 47 28.8 (58.5) 0.99 (0.98

Organochlorines 63 88.1 (143) 150 83.1 (145) 0.99 (0.97

Organophosphates 66 96.5 (204) 145 81.3 (242) 1.00 (0.98

Phenoxys 57 47.6 (83.7) 112 101 (170) 0.96 (0.93

Triazines 52 59.6 (86.8) 105 91.8 (194) 0.97 (0.95
aNumber of participants with exposure estimated by an industrial hygienist. All oth
bMean (and standard deviation) of lifetime cumulative exposure in gram-years (g-ye
calculated as 1,000 times the product of intensity (mg/hr) by decade, number of ho
and then summed across all decades.
cOdds ratio (and 95 % confidence intervals) of lifetime cumulative exposure (per 1
exposure), adjusted for matching variables (10-year age group, sex) and for age, an
*p< 0.05.
cancer in farmers, particularly in vineyards [46,48], pos-
sibly because different distributions of pesticide use occur
in France compared with the United States. The Inter-
national Agency for Research on Cancer (IARC) has
reported that there is limited or sufficient evidence that
certain specific pesticides are carcinogenic in animals, in-
cluding some carbamates, organochlorines, organopho-
sphates, and triazines. However, none of these has been
associated with glioma in animals [49].
Our population-based case–control study of gliomas is

the largest to date focusing on non-metropolitan
posure by category among participants with or without

Excluding proxy respondents

Cases (n = 438) Controls (n = 1,141)

CI) n Exposure n Exposure OR (95 % CI)

, 1.00) 9 3.08 (2.18) 34 51.1 (82.8) 0.95 (0.86, 1.03)

, 1.03) 16 23.6 (27.4) 54 53.8 (73.7) 0.91 (0.80, 1.04)

, 1.04) 20 55.1 (146) 64 43.8 (87.4) 1.00 (0.96, 1.04)

, 1.04) 19 54.8 (82.4) 67 45.4 (60.4) 0.99 (0.93, 1.06)

, 1.01) 16 18.1 (32.0) 46 29.5 (59.0) 0.99 (0.98, 1.01)

, 1.01) 31 86.4 (153) 146 83.8 (146) 0.99 (0.96, 1.01)

, 1.01) 41 75.2 (219) 141 83.5 (245) 1.00 (0.98, 1.02)

, 0.99)* 37 35.3 (54.3) 111 102 (170) 0.96 (0.92, 1.01)

, 1.00) 27 56.3 (82.4) 103 93.5 (196) 0.97 (0.93, 1.01)

er study participants are assigned zero exposure.
ars) for participants with estimated exposure. Cumulative exposure is
urs per day (hr/day), number of days per year (days/yr), and years by decade,

g for arsenical and dinitroaniline, or per 10 g for all others based on median
d education.



Table 6 Risk of glioma and reported pesticide use in non-farm jobs

Pesticide Including proxy respondents Excluding proxy respondents

CAS number Cases
(n = 798)

Controls
(n = 1,175)

ORa (95 % CI) Cases
(n = 438)

Controls
(n = 1,141)

OR (95 % CI)

Any pesticide use in non-farm jobs 65 124 0.72 (0.52-0.99)* 34 124 0.59 (0.39-0.90)*

2,4-D 94-75-7 12 32 0.56 (0.28-1.10) 6 32 0.49 (0.20-1.22)

Dicamba 1918-00-9 4 10 0.55 (0.17-1.79) 3 10 0.81 (0.21-3.10)

Glyphosate 1071-83-6 12 19 0.83 (0.39-1.73) 8 19 0.79 (0.33-1.86)

DDT 50-29-3 11 18 0.93 (0.43-1.99) 4 18 0.70 (0.23-2.14)

Diazinon 333-41-5 10 24 0.61 (0.29-1.29) 8 24 0.81 (0.35-1.87)

Malathion 121-75-5 9 18 0.69 (0.30-1.56) 9 18 1.04 (0.45-2.40)

Carbamates 16 35 0.69 (0.38-1.27) 11 35 0.76 (0.37-1.54)

Organochlorines 21 42 0.74 (0.43-1.28) 10 42 0.63 (0.31-1.30)

Organophosphates 24 51 0.65 (0.39-1.07) 16 51 0.69 (0.38-1.25)

Phenoxys 18 34 0.78 (0.43-1.40) 11 34 0.84 (0.41-1.73)
aAdjusted for age, 10-year age group, education, sex, and farm pesticide exposure (yes/no).
* p< 0.05.
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populations. Because our controls were selected based on
the distribution of gliomas by age and gender in the years
preceding our study period, case–control differences in age
distribution were possible, and indeed occurred: control
participants were slightly older than case participants
(Table 1). This slight difference, however, is unlikely to have
impacted the consistent findings of null or decreased risk.
The null or decreased associations between use of farm
pesticides and reduced glioma risk might be due to a
“healthy farm worker” effect [41,50], or to a positive or in-
verse association between pesticide exposure and another
Table 7 Risk of glioma and reported house and garden pestic

Pesticide Including proxy respond

CAS number Cases
(n = 798)

Controls
(n = 1,175)

Any pesticide use at home 399 666

2,4-D 94-75-7 66 145

Dicamba 1918-00-9 27 49

Glyphosate 1071-83-6 51 76

DDT 50-29-3 24 48

Diazinon 333-41-5 57 123

Malathion 121-75-5 45 84

Arsenates 12 36

Botanicals 22 51

Carbamates 86 146

Inorganics 16 37

Organochlorines 65 137

Organophosphates 133 247

Phenoxys 94 184
aAdjusted for age, 10-year age group, education, sex, and farm pesticide exposure.
* p< 0.05.
**p< 0.01.
farm-life variable. The significantly inverse association with
farm phenoxy use and glioma was not seen when proxies
were excluded. One possible explanation is the loss of
power due to decreased number of participants in analyses
and hence the wider confidence intervals. Underreporting
of farm pesticide use by proxies or memory-impaired case
participants would have increased the proportion of “non-
applicators” among cases. Because controls generally were
not impaired and few of them had proxies, having all con-
trol applicators but not all case applicators counted would
result in lower observed risks.
ide use

ents Excluding proxy respondents

ORa (95 % CI) Cases
(n = 438)

Controls
(n = 1,141)

OR (95 % CI)

0.79 (0.66-0.93)* 204 648 0.70 (0.55-0.89)**

0.64 (0.47-0.88)** 42 143 0.76 (0.51-1.11)

0.76 (0.47-1.24) 16 49 0.87 (0.48-1.58)

0.98 (0.67-1.43) 28 75 0.84 (0.52-1.33)

0.81 (0.49-1.35) 11 48 0.81 (0.41-1.61)

0.66 (0.47-0.92) 36 121 0.75 (0.50-1.12)

0.82 (0.56-1.20) 24 84 0.72 (0.44-1.18)

0.50 (0.26-0.97)* 5 33 0.43 (0.16-1.14)

0.73 (0.44-1.23) 12 50 0.82 (0.43-1.59)

0.92 (0.69-1.23) 47 143 0.91 (0.63-1.32)

0.66 (0.36-1.20) 6 36 0.42 (0.17-1.03)

0.73 (0.53-1.00) 33 137 0.69 (0.46-1.05)

0.77 (0.20-0.97)* 71 244 0.69 (0.51-0.94)*

0.71 (0.54-0.93)* 57 182 0.80 (0.57-1.12)
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Our study provided a quantitative investigation of the as-
sociation between glioma risk and farm pesticide uses, with
cumulative years of use based primarily on questionnaire
responses and with lifetime cumulative exposure in grams
estimated by an expert from measurement data published
in the literature. The units and numbers of participants in
the analyses of the two exposure measures differed due to
the availability of responses or information, but the results
were generally in agreement, showing a lack of positive as-
sociation between glioma risk and pesticides. In addition,
the results did not change when we excluded applicators
with zero exposures.
In our analysis of farm activities, ruder and colleagues

showed that never immediately washing up or changing
clothes after applying pesticides was associated with
increased glioma risk, which might appear to contradict
our findings in the current analysis [51]. However, as stated,
the underlying association might have been with imprudent
work practices when handling chemicals, not necessarily
specifically with pesticides [51].
A limitation of this study is the high proportion (45 %) of

proxy interviews (360/798) for case participants (compared
to 34/1175 control interviews that were with proxies).
Hospital-based rather than physician-based ascertainment
might decrease the proportion of proxy interviews. In the
hospital-based National Cancer Institute case–control gli-
oma study only 16 % of glioma patients were interviewed
by proxy [52], while the Northern California case–control
glioma study, which ascertained cases through a cancer
registry, had a proxy-interview rate for cases (46 %) similar
to ours [53].
The accuracy and completeness of information given by

proxy respondents varies by the relationship to the study
participant, the gender, race, and age of the proxy, the spe-
cific questions asked, and how long the proxy and study
participant lived together [54-57]. In a study that recorded
pesticide use, widows and wives (35 % of the proxies)
reported “having less knowledge of participants’ pesticide
use” than did sons (29 %), brothers (11 %), sisters or daugh-
ters (10 %), or other male relatives and friends (15 %) [56].
In another study, responses from proxies were highly corre-
lated with those from participant farmers for specific pesti-
cides, but were less accurate in reporting days of use [58].
Proxy responses for cancer cases showed good positive pre-
dictive value for the general variable of living or working
on a farm, but lower sensitivity when those proxies were
asked about specific pesticides or durations of exposure
[59]. Johnson et al. (2003) also found proxies interviewed
eight years after participant interviews were in excellent
agreement with the original respondents for general ques-
tions on “ever farmed” or “ever used pesticides”. Agreement
declined for major categories of pesticide (insecticide, etc.)
and was lowest (50-75 %) for specific pesticides. Proxies both
over- and under- reported pesticide use. Leukemia patients
were significantly more likely than controls to report having
used pesticides; the leukemia odds associated with pesticides,
however, decreased and were non-statistically significant
when proxy answers were used. In contrast, self-reports
showed no case–control difference for 2,4-D or atrazine ex-
posure while proxy reports produced significant 2.6 and 5-
fold ORs for cases for 2,4-D and atrazine, respectively [56].
A study of Parkinson’s disease found much higher specificity
(>85 %) than sensitivity for proxy responses on agricultural
variables including agricultural work, crop and grain farm-
ing, and herbicide, insecticide, and fungicide use [60].
Our a priori decision to conduct all analyses with and

without proxy responses compensated somewhat for the
high proportion of proxy responses. It should be borne
in mind that case interviews were with participants
whose disease could affect recall (whether by differen-
tially recalling possible exposures or forgetting expo-
sures). The results of the analyses with and without
proxies were, however, in general similar.
Some pesticide applicators reported a pesticide use that

overlapped with another pesticide for the same use. Both
pesticides might have been used in the same year or in al-
ternate years. We only asked for total years of use and did
not ask participants for last year of use or whether the years
of use were consecutive. Therefore, if any participants had
nonconsecutive use patterns our analysis may have overes-
timated cumulative exposure. This would only have
affected the disease risks, however, if cases and controls
had very different distributions of use patterns.
Of major concern in case–control studies is the validity

and reliability of the pesticide exposure assessment. The ex-
posure calculations presented in this paper were mainly
based on interview data (subject to differential and non-
differential recall by the participants). We tried to minimize
recall bias (the tendency among cases to report exposures
more accurately than controls or to over-report, thus inflat-
ing risk estimates) by not identifying the study hypotheses
to participants. Hoar [61] found that reporting of herbicide
use by participants and pesticide suppliers was similar for
cancer cases and controls. Thus, there may not be differen-
tial bias from reporting. Inaccurate recall of pesticide iden-
tity could lead to nondifferential bias, which would bias
estimates toward the null. To minimize this in reporting of
individual pesticides, respondents were given a detailed list
of pesticides, including trade names and common names,
to review visually. Unfortunately, many house and garden
pesticides, and pesticides used on nonfarm jobs, were iden-
tified by trade names that were not specific enough to re-
solve into chemical components [24]. Moreover, many
respondents could not supply the pesticide name but only
the target pest or crop or animal being protected.
The strengths of our study include the large number of

histologically confirmed gliomas, the use of population-
based controls, and an exposure assessment procedure that
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estimated exposure levels by target and decade based on an
extensive literature review of published measurements. The
population-based design minimizes potential biases asso-
ciated with hospital-based designs.
Conclusions
Our results are consistent with our earlier findings for
reported pesticide uses and support a lack of positive as-
sociation between pesticides and glioma.
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