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Introduction 

The Agricultural Health Study (AHS) is a cohort study of pesticide applicators and their spouses 

recruited between 1993 and 1997 from Iowa and North Carolina (see, for example, Alavanja et 

al. 1996;  Kamel  et al. 2007). The AHS is sponsored and conducted by the National Cancer 

Institute (NCI), the National Institute of Environmental Health Sciences (NIEHS), and the U.S. 

Environmental Protection Agency (EPA). It is one of the largest prospective studies conducted 

on agricultural exposures and health, with the advantages of including family members of 

pesticide applicators and assessing exposures largely prior to the diagnosis of disease. The study 

aims to accomplish the following: 1) to identify and quantify cancer risks among men and 

women exposed to pesticides and other agricultural agents, 2) to evaluate risks of non-cancer 

health endpoints, 3) to evaluate disease risk from farm exposures among family members 

(spouses and children) of pesticide applicators, 4) to evaluate the relationships among 

agricultural exposures, biomarkers of exposure, biologic effects, and genetic susceptibility 

factors related to carcinogenesis, and 5) to evaluate the influence of lifestyle factors such as 

cooking practices, diet, tobacco, alcohol, and physical activity on risk of cancer and other 

diseases. 

Between 1993 and 1997, potential participants were solicited from private and commercial 

applicator lists from the two states. The initial enrollment questionnaire, which was self-

administered, requested data on basic demographic variables, medical conditions, use of 50 

pesticides, crops grown and livestock raised, use of protective clothing and equipment, fruit and 

vegetable intake, tobacco and alcohol use, and family members. Some participants were re-

interviewed using an abbreviated questionnaire to assess reliability of the infoiination provided 

in the enrollment questionnaire. Additional take-home questionnaires requested more detailed 

data on similar topics as the enrollment questionnaire. To improve exposure classification by 

combining questionnaire data with sample monitoring data, an exposure monitoring component 

was originally designed to include information on pesticide exposure from all routes — air, skin, 

food, and water — and from both environmental and occupational sources. However, because of 

cost and practical considerations it was not possible to monitor for all factors that could influence 

exposure. 
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Following enrollment into the AHS, pesticide applicators and their spouses were asked to 

complete a self-administered questionnaire collecting their basic demographic information, 

pesticide use history (for applicators only), and health status, including whether they had ever 

been diagnosed with Parkinson's disease (PD). Approximately one month after the baseline 

questionnaire, applicators were asked to complete a supplemental questionnaire collecting 

additional detailed information on their history of pesticide use. 

Due to the low response rate to the supplemental questionnaire (about 50%), the investigators 

sought to address non-responders through telephone interviews and "structured refusal 

conversion procedures," but cost precluded such efforts. Instead, the investigators conducted a 

series of smaller studies to identify factors affecting the response rate. These analyses revealed 

many statistically significant differences between responders and non-responders (Tarone et al. 

1997). Unfortunately, there were no data to compare characteristics between eligible 

individuals who did (77%) and did not (23%) complete the initial enrollment questionnaire. 

Nevertheless, the authors concluded that any selection bias would be minimal. 

Five years after enrollment, in 1999-2003, follow-up telephone interviews were conducted with 

57,251 (67.5%) cohort members. For those who were not interviewed, 13% percent of the cohort 

could not be contacted, 12% declined the interview, 2.5% were deceased, <1% were excluded 

due to illness. The remaining 4% were excluded for various other reasons. Those who were 

successfully interviewed were again asked to self-report if they had ever been diagnosed with 

PD. 

Parkinson's Disease and Paraquat 

The study by  Kamel  et al. (2007) found no association between paraquat and PD incidence in the 

AHS (relative risk=l.0). However, a subsequent nested case-control study by Tanner et al. 

(2011), known as the Farming and Movement Evaluation (FAME) study, reported a significant 

positive association between paraquat and PD risk. To better understand the discrepancy in 

findings and further explore the AHS data, the data from the FAME study were requested by 

Syngenta from NIEHS/NIH. 
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The FAME study focused on the association between PD and exposure to pesticides with 

potential properties of mitochondrial dysfunction and oxidative stress. As reported by Tanner et 

al. (2011), this study examined life-long use of 31 selected potential oxidative stressor pesticides, 

such as paraquat, and potential mitochondrial inhibitor pesticides, such as rotenone, in 

association with the development of PD. PD cases were identified from the AHS enrollees who 

self-reported having been diagnosed with PD or whose mortality records indicated such a 

condition. Potential controls were randomly selected from all other AHS participants, excluding 

those who were subsequently diagnosed with PD or Parkinsonism and those who were seriously 

ill, dead, or cognitively impaired. Controls were matched to cases on age, sex, and state in a 

three-to-one ratio. 

One distinct feature of the FAME study is the use of home visits with in-person examinations to 

confirm PD among cohort members. The "Cognitive Abilities Screening Instrument," a 

standardized, video-taped assessment of Parkinsonism, was used along with standardized 

medical and neurological histories, a handwriting sample, medication use evaluation, and a smell 

identification test. Two neurologists independently reviewed all available diagnostic information 

of all self-reported PD cases and those suspected of having PD among the potential controls. 

Agreement between the two independent neurological reviews constituted a positive confirmed 

diagnosis of PD. According to Tanner et al. (2011), 156 (92%) out of 170 suspected PD cases 

and 542 (84%) out of 644 potential controls were screened by telephone for study eligibility. Of 

these, 137 (88%; 124 with home visits and 13 with proxy interviews and medical records) of the 

156 eligible suspected cases (including four potential controls who self-reported PD at screening) 

and 383 (71%) of the 542 eligible screened controls were evaluated for PD. Based on the 

available diagnostic information, 115 suspected cases (74%; 110 with pesticide data; 101 living, 

9 dead) were confirmed as PD. None of the 383 controls (358 with pesticide data) were 

confirmed as PD. 

Data 

A Freedom of Information Act  (FOIA)  request was submitted to the NIH in September 2011 

(NIH  FOI  Case No. 39251), requesting the questionnaire, study data, and other documentation 

from the AHS. The  FOIA  request specifically referenced the data underlying the AHS study 
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results published by  Kamel  et al. (2007) and the FAME study results published by Tanner et al. 

(2011). 

The NIH provided a dataset relevant to the  Kamel  et al. (2007) study in November 2011. We 

used this dataset to successfully replicate the results reported by  Kamel  et al. (2007). The NIH 

rejected the  FOIA  request for the FAME study data, citing ownership by the Parkinson Institute, 

a non-government entity not covered by the  FOIA.  An appeal to the NIH  FOIA  office was made 

and an agreement was reached, resulting in the release of a de-identified dataset for the FAME 

study in April 2012. This dataset had 468 records and 61 variables, matching the number of cases 

and controls reported by Tanner et al. (2011). Although results from the FAME study could be 

replicated using this dataset, very little additional information was provided for a sensitivity 

analysis to assess the results and conclusions. In particular, we were interested in examining 

various exposure classifications and outcome assessments to determine the reliability and 

validity of the reported associations. An appeal was made to NIH for additional information, and 

a supplemental dataset with 24 additional variables was provided in July 2012, but this dataset 

could not be merged with the initial dataset. NIH subsequently provided a combined dataset with 

160 variables in September 2012, including new info' illation on pesticide use from the AHS 

baseline and supplemental questionnaires. A complete listing of the 160 variables in this 

combined dataset is provided at the end of this report (Appendix 1). Even with this expanded 

dataset, a number of critical variables, such as age at diagnosis, were not provided due in part to 

privacy concerns. 

Methods and Results 

We perfoi,Hied a number of analyses to assess the reliability and validity of the FAME study 

results. Specifically, we conducted a detailed examination of the exposure data to determine if 

the exposure responses were consistent across questionnaires. We tested alternative logistic 

regression models by including or excluding certain covariates and testing the robustness of the 

odds ratio (OR) estimates. We also tested alternative exposure classifications by applying 

reasonable but different classification rules to the pesticide use responses from questionnaires. In 

addition, to test the robustness of the OR to random exposure misclassification, which may have 

occurred due to the use of self-reported and proxy-reported data on pesticide use, we randomly 

reassigned some subjects from exposed to unexposed and vice versa. 
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Reliability of Exposure 

Proper exposure classification is critical to the estimation of valid associations between pesticide 

exposure and PD risk. With multiple responses to pesticide use available from different 

questionnaires (the AHS enrollment questionnaire in 1993-1997, the AHS follow-up in 

questionnaire 1999-2003, and the FAME questionnaire in 2002-2005), the FAME dataset offered 

an opportunity to evaluate the reliability of the exposure classification by examining the 

consistency of reported use of paraquat and other pesticides across questionnaires. Table 1 

summarizes the consistency of exposure reporting among the AHS and FAME questionnaires for 

eleven different pesticides. If responses from at least two of the questionnaires were in 

agreement, then the exposure was considered consistent. Exposure was classified as "new 

exposure" if none was reported in the AHS or in the follow-up questionnaire, but exposure was 

reported in the FAME questionnaire. Responses among the three questionnaires that were 

contradictory or inconsistent (e.g., reporting having used a certain pesticide in the AHS 

enrollment questionnaire, but later reporting never having used it in the FAME questionnaire) 

were classified as "inconsistent." 

The consistency of reported pesticide exposure across questionnaires varied substantially by type 

of pesticide (Table 1). Of the 11 pesticides examined in the FAME study, seven (paraquat, 

aldrin, DDT, dieldrin, 2 4-D, trifluralin, permethrin) had a modest percentage (7-13%) of missing 

responses and a corresponding percentage of consistent responses ranging from to 66% to 78%. 

The percentage of new exposure among this group of pesticides ranged from 5%-15%, and 

inconsistent responses was in the 5%-12% range. For paraquat use in particular, 78% of the 

respondents had consistent responses across at least two questionnaires, 6% of the respondents 

had new exposure (i.e., began using paraquat after AHS enrollment), 9% had inconsistent 

responses, and 7% had missing responses in one or more questionnaires. By comparison, the 

other four pesticides (rotenone, acifluorfen, copper, ferbam) had a considerably higher 

proportion of missing and incomplete responses (as much as 50%) and substantially less 

consistency in the responses regarding their use. 
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Cumulative Lifetime Use Distribution 

The FAME study examined associations between PD and lifetime days of pesticide use for 11 

pesticides, including paraquat, by calculating ORs that compared unexposed subjects (i.e., those 

who had never used the pesticide) with two groups of exposed subjects: those with non-zero 

lifetime days of pesticide use at or below the median among controls (e.g., 8 days for paraquat 

use), and those with lifetime days of pesticide use above the median among controls, using 

pesticide data from the FAME questionnaire. Tanner et al. (2011) reported a statistically 

significantly increased OR for PD among those at or below the median for lifetime days of 

paraquat use (OR=2.4, 95% CI=1.0-5.5, p<0.05), compared with never users, and an even 

stronger OR among those above the median (OR=3.6, 95% CI=1.6-8.1, p<0.005). 

We examined the sensitivity of the results to the use of the median lifetime days of pesticide use 

among control subjects as the dividing criterion. To this end, we evaluated alternative cutoffs, 

including the 25th, 33 d̀, 66th, and 75th  percentiles among controls based on the FAME 

questionnaire data, to dichotomize the lifetime days of use for the OR calculations. We also 

dichotomized exposure based on percentiles of lifetime days of pesticide use among the cases 

instead of the controls. 

Varying the cutoff point for cumulative lifetime years of paraquat use by using various 

percentiles of the case or control distribution moderately affected the estimated association 

(Table 2). The OR for greater use (i.e., lifetime years of use above the cutoff) did not follow a 

clear pattern with respect to the percentile cutoff, but tended to be lower if the case distribution 

was used instead of the control distribution (the latter of which is more commonly used to define 

cutoffs in case-control studies). The OR for lesser use of paraquat (i.e., lifetime years of use at 

or below the cutoff) also did not follow a clear pattern with respect to the percentile cutoff, and 

was higher for three of the five estimated ORs if the case distribution was used instead of the 

control distribution. 
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Misclassification Testing 

To better understand the sensitivity of the ORs for PD to the classification of paraquat exposure 

based on the FAME questionnaire data, we performed several data simulations to test the 

following three misclassification schemes: 

1. Exposure reclassification of a randomly fixed number of subjects (two, four, or six) 

2. Exposure reclassification of a randomly selected fixed proportion of subjects (10% or 

20%) 

3. Exposure reclassification of a randomly selected proportion of subjects based on the 

fraction of proxy respondents in each exposure category, since information on 

pesticide use is likely less reliable when provided by a proxy informant such as a 

spouse. 

In the FAME study, 23 cases (among 110) and 49 controls (among 358) reportedly used 

paraquat, with a resulting OR of 2.5 (95% CI: 1.4-1.7, p=0.004) for ever vs. never use. We 

randomly reassigned the exposure status of these subjects according to each of the three 

described schemes, and perfoinied one thousand iterations for each scenario. Separate analyses 

were performed for all PD cases and for only incident PD cases (i.e., PD diagnosed after the 

initial AHS enrollment). Table 3 summarizes the distribution of ORs from the first two sets of 

sensitivity analyses, where exposure status was reclassified for a fixed number (2, 4, or 6) or 

proportion (10% or 20%) of subjects. Results were fairly consistent with those of Tanner et al. 

(2011) (Table 3). The OR from the simulations ranged from as low as 1.5 up to 3.5, with a 

median of 2.2, if six subjects were misclassified. If 20% of the subjects were misclassified, the 

OR ranged from 1.0 up to 3.4, with a median of 1.7. In the analysis based on incident cases only, 

the OR ranged from 1.3 to 3.7 (median=2.3) if six subjects were misclassified, and from 0.8 to 

3.9 (median=l.7) if 20% of subjects were misclassified. In general, lesser deviations from the 

OR of 2.5 reported by Tanner et al. (2011) were observed when a smaller number or proportion 

of subjects was misclassified. 

Table 4 summarizes the simulation testing results from random reassignment of exposure status 

based on the proportion of proxy responses to questions about pesticide use in the FAME 

questionnaire. We also tested the impact of increasing the proportion of proxy responses by 
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adding 5% (total=11%) or 10% (total=16%) to the original 6% of subjects in the FAME study 

whose pesticide use was reported by a spouse or other family member. The median OR was 1.9 

if the degree of misclassification was based on the actual proportion of the proxy responses 

(Table 4) and the median OR declined in concert with an increasing simulated proportion of 

proxy respondents. 

Stratified and Other Alternative Analyses 

To further evaluate the sensitivity of the ORs for the associations between paraquat exposure and 

PD risk in the FAME study, we tested a series of alternative models by using different subsets of 

the data or using alternative covariates as follows: 

1. Separate analyses for incident and prevalent PD cases 

2. Analyses stratified by state of residence at AHS entry (Iowa or North Carolina) 

3. Analyses with additional covariates (e.g., family history of PD and education) in the 

logistic regression model (in addition to reference age [in tertiles], sex, state, cigarette 

smoking [ever/never], and pesticide use [ever/never], as modeled by Tanner et al. [2011]) 

4. Analyses of combinations of pesticide use. We investigated ever vs. never use of either 

paraquat or maneb, either paraquat or ziram, or any of the three pesticides (paraquat, 

maneb, or ziram). These analyses were undertaken to investigate potential synergistic 

effects of multiple pesticides because growers with multiple crops may use paraquat on 

certain crops and other pesticides on other crops. 

5. Analyses with or without exposure reported by proxy respondents 

6. Analyses with PD cases reclassified as to disease incidence or prevalence status. We 

determined disease incidence or prevalence status based on the AHS enrollment year and 

the duration of PD at the time of the FAME study. For example, if a subject was enrolled 

in the FAME study in 2002 and had reportedly had PD for 12 years at that time, then PD 

would have been initially diagnosed in 1990, before AHS enrollment. Therefore, we 

would classify this PD case as a prevalent PD case. Similarly, if another subject had 

reportedly had PD for 3 years at the time of FAME study enrollment in 2002, then we 

would have classified this case as an incident PD case, since the diagnosis would have 

occurred after the AHS enrollment period. Applying this logic, we determined that four 

PD cases labeled in the FAME dataset as prevalent should instead have been classified as 
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incident, whereas six PD cases originally identified as incident should instead have been 

classified as prevalent. 

7. Analyses using an alternative exposure classification based on the additional pesticide 

use data from the AHS questionnaires to revise or impute FAME questionnaire data. For 

this alternative exposure classification, if a subject had reported using a pesticide in either 

of the earlier AHS questionnaires but had missing data for that pesticide in the FAME 

questionnaire data, then this subject would have been reclassified as ever exposed to that 

pesticide. In addition, if a subject had reported using a pesticide in either of the earlier 

AHS questionnaires but reported never having used that pesticide in the FAME 

questionnaire, then this subject would have been reclassified as ever exposed. 

Unfortunately the year of use of a pesticide was not included in the available dataset, so 

we could not evaluate the temporality of pesticide exposure, AHS enrollment, and PD 

diagnosis. 

All of these analyses were conducted based on the assumption that any past exposure to paraquat 

occurred before PD diagnosis. Table 5 summarizes the results using various combinations of 

these seven approaches. 

In the extended sensitivity analysis, using an alternative exposure classification that incorporated 

AHS data, but otherwise leaving the analysis unchanged, resulted in an OR of 2.0 as compared 

with the OR of 2.5 reported by Tanner et al. (2011) for ever vs. never paraquat exposure (Table 

5). The OR for the alternative exposure classification remained in the range of 1.9-2.2 if proxy 

respondents were excluded, if family history and education were included as additional 

covariates in the logistic regression model, or if only incident cases were included. 

Inclusion/exclusion of proxy respondents tended to have a minimal impact on the OR if all else 

remained constant. For example, if proxy respondents were excluded but the analysis was 

otherwise left unchanged from that of Tanner et al. (2011), the OR for ever vs. never paraquat 

exposure was 2.6. The majority of cases were incident, such that the results of the sensitivity 

analysis of only incident cases were similar those for both incident and prevalent cases. Due at 

least in part to the smaller number of cases, the results based on only prevalent cases were more 

variable, with the OR ranging from 2.2 to 3.3. 
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Table 6 summarizes the results of the same analyses restricted to Iowa pesticide applicators and 

their spouses, and Table 7 summarizes the results restricted to North Carolina pesticide 

applicators and their spouses. The ORs tended to be higher than 2.5 among Iowa residents if the 

original FAME exposure classification was used, but were somewhat lower than 2.5 if the 

alternative exposure classification was applied (Table 6). By contrast, among North Carolina 

residents, all ORs were less than 2.5, although the ORs tended to be slightly higher when using 

the alternative exposure classification compared with the original FAME exposure classification. 

Across all sensitivity analyses, the ORs were generally lower for paraquat or maneb exposure, 

with the median OR ranging from 1.6 to 2.3 (Table 8). For paraquat or ziram exposure, the 

median OR ranged from 1.5 to 2.8 (Table 9); and for paraquat, maneb, or ziram exposure, the 

median OR ranged from 1.8 to 2.3 (Table 10). The OR tended to be lower when including the 

proxy responses for paraquat or ziram exposure than when excluding proxy data (Table 9). 

Discussion 

The FAME study clearly included a number of records with inconsistent exposure classification 

when compared with responses from the AHS questionnaires. Our analysis showed that 9% of 

responses for paraquat exposure were not consistent across questionnaires and 7% were missing 

(Table 1). We attempted to remedy both of these deficiencies by using paraquat exposure 

reported in earlier questionnaires. A number of PD cases were also misclassified as incident or 

prevalent. Despite these inaccuracies, the estimated association between ever vs. never use of 

paraquat and PD risk exhibited a degree of robustness, as demonstrated by the relative 

insensitivity of the OR to a number of alternative exposure cutoffs, classifications, and 

definitions, outcome classifications, and multivariate models tested in the reanalyses. When 

subjected to some artificially introduced exposure classification errors (Table 3), the resulting 

OR decreased only slightly from 2.5 to around 2.2 - 2.4, and did not drop below 2.0 until 10% of 

the records were reclassified. Even with 20% of the records randomly reclassified, the median 

OR from 1,000 iterations was 1.7. 

The interpretation of associations with prevalent PD is problematic because reported exposure 

may have occurred after disease onset, because estimated associations may be influenced by the 

impact of exposure on disease survival instead of incidence, and because prevalent cases may not 
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be representative of all cases if patients with more severe disease were not enrolled in the AHS 

or FAME. Nevertheless, our separate analyses restricted to incident PD cases did not reveal 

dramatic differences in the magnitude of the estimated association with paraquat use (Table 5). 

However, we were limited to the data provided to us through the  FOIA  request as opposed to 

having access to the entire cohort database. Thus, we could not evaluate other potential control 

samples to assess the robustness of the findings. 

The marked difference in the paraquat-PD association between Iowa and North Carolina 

participants in the FAME study received little attention in the Tanner et al. (2011) report. As 

shown in Tables 6 and 7, analyses stratified by state revealed a substantially weaker association 

among North Carolina participants than Iowa participants. It is known that the questionnaires 

presented challenges to a number of North Carolina participants due to their illiteracy. 

Estimates of associations between PD risk and exposure to paraquat along with maneb and/or 

ziram did not reveal evidence of synergistic effects (Table 8, 9, and 10). On the contrary, the 

ORs for these combined pesticides tended to be lower than the corresponding ORs for paraquat 

exposure alone, and some were not statistically significant. 

In summary, the extensive set of alternative analyses presented here shows that there is some 

degree of robustness in the estimated association between paraquat exposure and risk of PD in 

the FAME study, despite some inaccuracies and imprecision in the data. However, the precise 

magnitude of the OR was uncertain and the lower bound of many confidence intervals 

approached or included the null value of 1.0. Of note, the measure of paraquat exposure in the 

FAME study and in our reanalysis was crude, with exposure dichotomized as ever or never, with 

no accounting for either intensity or duration of use. As a result, firm conclusions cannot be 

drawn about the association between paraquat exposure and PD risk. Furtheiniore, given that 

many participants were occupationally exposed to multiple pesticides, it is difficult to isolate the 

effect of one particular chemical. And finally, the absence of the entire AHS dataset precluded 

any additional analyses which might clarify some of the results. 
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2.9 (1.4-6.0) 
0.01 

C
ontrols 

75th 
47 

207 
19 

38 
2.3 (1.1-4.7) 

4 
l l 

3.8 (1.5-9.8) 
0.01 

C
ases 

25th 
47 

207 
5 

11 
2.3 (0.7-7.2) 

18 
38 

2.8 (1.4-5.6) 
0.01 

C
ases 

33rd 
47 

207 
7 

16 
2.4 (0.9-6.4) 

16 
33 

2.8 (1.4-5.9) 
0.01 

C
ases 

50th 
47 

207 
9 

21 
2.3 (1.0-5.5) 

14 
28 

3.0 (1.4-6.6) 
0.01 

C
ases 

66th 
47 

207 
18 

37 
2.7 (1.3-5.2) 

5 
12 

2.8 (0.9-9.1) 
0.01 

C
ases 

75th 
47 

207 
19 

37 
2.8 (1.4-5.5) 

4 
L 

12 
2.2 (0.6-7.7) 

0.01 
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CONFIDENTIAL: A
ttorney-C

lient W
ork Product 

T
able 3: R

andom
 reassignm

ent of exposure status of subjects per 1,000 replications for paraquat exposure and PD
 

E
xposure 

O
R

 

 

R
ange of O

R
 from

 Sim
ulated E

xposure 

Incident and Prevalent PD
 C

ases 

Y
es 

N
o 

Tanner 
et al. 

(2011) 
O

R
 

N
um

ber or 
Percent 

M
isclassified 

M
in 

25th % 
50th  % 

M
ean 

75th % 
M

ax 

72 
372 

2.5 
2 

2.0 
2.2 

2.4 
2.4 

2.5 
3.1 

72 
372 

2.5 
4 

1.6 
2.2 

2.3 
2.3 

2.5 
3.3 

72 
372 

2.5 
6 

1.5 
2.0 

2.2 
2.3 

2.4 
3.5 

72 
372 

2.5 
10%

 
1.2 

1.8 
2.0 

2.0 
2.2 

3.3 

72 
372 

2.5 
20%

 
1.0 

1.5 
1.7 

1.7 
1.9 

3.4 

Incident PD
 C

ases O
nly 

62 
336 

2.6 
2 

1.8 
2.2 

2.6 
2.5 

2.6 
3.6 

62 
336 

2.6 
4 

1.3 
2.2 

2.5 
2.4 

2.6 
4.1 

62 
336 

2.6 
6 

1.3 
2.1 

2.3 
2.3 

2.6 
3.7 

62 
336 

2.6 
10%

 
1.1 

1.8 
2.1 

2.1 
2.3 

4.2 

62 
336 

2.6 
20%

 
0.8 

1.5 
1.7 

1.8 
2 

3.9 
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CO
NFIDENTIAL: A

ttorney-C
lient W

ork P
roduct 

T
able 4: Proportional reassignm

ent of exposure status of subjects per 1,000 replications for paraquat exposure and PD
. O

riginal 
proportion and 5%

 and 10%
 increases on the original proportion. 

E
xposure 

O
R

 
Proxy %

 
M

isclassified 
O

R
 from

 Sim
ulated E

xposure 

Y
es 

N
o 

Tanner 
et al. 
(2011) 

Increase 
M

in 
25th % 

50th
 % 

M
ean 

75th % 
M

ax 

72 
372 

2.5 
O

riginal 
1.3 

1.7 
1.9 

2.0 
2.1 

3.4 

72 
372 

2.5 
+5%

 
1.0 

1.5 
1.7 

1.7 
1.9 

3.3 

72 
372 

2.5 
+10%

 
0.8 

1.3 
1.5 

1.5 
1.7 

3.2 
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CO
N

FID
EN

TIA
L: A

ttorney-C
lient W

ork Product 

T
able 5: Sensitivity testing of ever vs. never paraquat exposure in association w

ith PD
 in the FA

M
E

 study 

Prevalent or 
Incident PD

 
Proxy 

R
espondent 

A
dditional 

C
ovariates* 

E
xposure 

C
lassification** 

A
lternative 

Prevalent/Inci 
dent PD

*** 
C

ontrols 
(%

) 
C

ases 
(%

) 

O
R

 

(95%
 C

I) 
P-value 

B
oth 

Excluded 
N

o 
O

riginal 
N

o 
49 (14.3) 

19 (25.3) 
2.6 (1.3-5.0) 

0.01 

B
oth 

Excluded 
Y

es 
O

riginal 
N

o 
49 (14.3) 

19 (25.3) 
2.7 (1.4-5.4) 

<0.01 

B
oth 

Included 
N

o 
O

riginal 
N

o 
49 (14.1) 

23 (23.7) 
2.5 (1.4-4.7) 

<0.01 

B
oth 

Included 
N

o 
H

istorical 
N

o 
82 (23.4) 

33 (33.0) 
2.0 (1.1-3.4) 

0.02 

B
oth 

Included 
Y

es 
O

riginal 
N

o 
49 (14.1) 

23 (23.7) 
2.7 (1.4-5.0) 

<0.01 

B
oth 

Included 
Y

es 
H

istorical 
N

o 
82 (23.4) 

33 (33.0) 
2.1 (1.2-3.7) 

0.01 

B
oth 

Excluded 
N

o 
H

istorical 
N

o 
79 (22.9) 

27 (35.1) 
2.1 (1.2-3.9) 

0.01 

B
oth 

Excluded 
Y

es 
H

istorical 
N

o 
79 (22.9) 

27 (35.1) 
2.2 (1.2-4.1) 

0.01 

 

Incident 
Excluded 

N
o 

O
riginal 

N
o 

49 (14.5) 
12 (25.0) 

2.6 (1.2-5.8) 
0.02 

Incident 
Excluded 

Y
es 

O
riginal 

N
o 

49 (14.5) 
12 (25.0) 

2.7 (1.2-6.1) 
0.02 

Incident 
Included 

N
o 

O
riginal 

N
o 

49 (14.3) 
13 (23.2) 

2.6 (1.2-5.6) 
0.02 

Incident 
Included 

N
o 

O
riginal 

Y
es 

49 (14.1) 
13 (24.5) 

2.6 (1.2-5.7) 
0.02 

Incident 
Included 

Y
es 

O
riginal 

N
o 

49 (14.3) 
13 (23.2) 

2.7 (1.2-5.9) 
0.02 

Incident 
Included 

Y
es 

O
riginal 

Y
es 

49 (14.1) 
13 (24.5) 

2.7 (1.2-6.0) 
0.01 

17 

SY
N

G
-PQ

-36932799 

Case ID
: 220300429

Case ID
: 220300429

Case ID
: 220300429

Case ID
: 220300429



CO
N

FID
EN

TIA
L: A

ttorney-C
lient W

ork Product 

Prevalent or 
Incident PD

 
Proxy 

R
espondent 

A
dditional 

C
ovariates* 

E
xposure 

C
lassification** 

A
lternative 

Prevalent/Inci 
dent PD

*** 
C

ontrols 
(%

) 
C

ases 
(%

) 

O
R

 

(95%
 C

I) 
P-value 

Incident 
Included 

N
o 

H
istorical 

N
o 

82 (23.7) 
18 (31.0) 

1.9 (0.9-3.7) 
0.08 

Incident 
Included 

Y
es 

H
istorical 

N
o 

82 (23.7) 
18 (31.0) 

1.9 (0.9-3.9) 
0.08 

Incident 
Excluded 

N
o 

H
istorical 

N
o 

79 (23.2) 
16 (32.7) 

2.0 (0.9-4.1) 
0.07 

Incident 
E

xcluded 
Y

es 
H

istorical 
N

o 
79 (23.2) 

16 (32.7) 
2.0 (0.9-4.2) 

0.07 

 

Prevalent 
Excluded 

N
o 

O
riginal 

N
o 

47 (16.5) 
7 (25.9) 

2.7 (0.9-7.6) 
0.07 

Prevalent 
Excluded 

Y
es 

O
riginal 

N
o 

47 (16.5) 
7 (25.9) 

3.3 (1.1-10.) 
0.03 

Prevalent 
Included 

N
o 

O
riginal 

N
o 

49 (14.5) 
10 (24.4) 

2.5 (1.0-6.0) 
0.04 

Prevalent 
Included 

N
o 

O
riginal 

Y
es 

49 (14.5) 
10 (22.7) 

2.4 (1.0-5.7) 
0.05 

Prevalent 
Included 

Y
es 

O
riginal 

N
o 

49 (14.5) 
10 (24.4) 

2.8 (1.1-6.9) 
0.03 

Prevalent 
Included 

Y
es 

O
riginal 

Y
es 

49 (14.5) 
10 (22.7) 

2.7 (1.1-6.4) 
0.03 

Prevalent 
Included 

N
o 

H
istorical 

N
o 

82 (23.9) 
15 (35.7) 

2.2 (1.0-4.8) 
0.05 

Prevalent 
Included 

Y
es 

H
istorical 

N
o 

82 (23.9) 
15 (35.7) 

2.3 (1.0-5.1) 
0.04 

Prevalent 
E

xcluded 
N

o 
H

istorical 
N

o 
75 (26.2) 

11 (39.3) 
2.5 (0.9-6.3) 

0.05 

Prevalent 
E

xcluded 
Y

es 
H

istorical 
N

o 
75 (26.2) 

11 (39.3) 
2.7 (1.0-7.0) 

0.04 
*A

dditional covariates w
ere fam

ily history of PD
 and education. 

**"H
istorical" is the alternative exposure classification based on the questionnaire history. 

***"A
lternative prevalent/incident PD

" is based on using the calculated relative diagnosis year to determ
ine prevalent versus incident PD

 cases. 
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CO
N

FID
EN

TIA
L: A

ttorney-C
lient W

ork Product 

T
able 6: Sensitivity testing of ever vs. never paraquat exposure in association w

ith PD
 in Iow

a residents in the FA
M

E
 study 

Prevalent or 
Incident PD

 
Proxy 

R
espondent 

A
dditional 

C
ovariates* 

E
xposure 

C
lassification** 

A
lternative 

Incident/Preval 
ent PD

*** 
C

ontrols 
(%

) 
C

ases 
(%

) 

O
R

 

(95%
 C

I) 
P-value 

B
oth 

Exclude 
N

o 
O

riginal 
N

o 
24 (9.6) 

14 (24.1) 
3.6 (1.6-8.0) 

<0.01 

B
oth 

Exclude 
N

o 
H

istorical 
N

o 
45 (17.8) 

18 (31.0) 
2.3 (1.1-4.7) 

0.02 

B
oth 

Exclude 
Y

es 
O

riginal 
N

o 
24 (9.6) 

14 (24.1) 
4.1 (1.7-9.2) 

<0.01 

B
oth 

Exclude 
Y

es 
H

istorical 
N

o 
45 (17.8) 

18 (31.0) 
2.5 (1.2-5.0) 

0.01 

B
oth 

Include 
N

o 
O

riginal 
N

o 
24 (9.5) 

16 (21.6) 
3.3 (1.5-6.9) 

<0.01 

B
oth 

Include 
N

o 
H

istorical 
N

o 
46 (18.0) 

21 (28.4) 
2.1 (1.1-4.0) 

0.02 

B
oth 

Include 
Y

es 
O

riginal 
N

o 
24 (9.5) 

16 (21.6) 
3.7 (1.7-8.1) 

<0.01 

B
oth 

Include 
Y

es 
H

istorical 
N

o 
46 (18.0) 

21 (28.4) 
2.2 (1.1-4.3) 

0.02 

 

Incident 
Exclude 

N
o 

O
riginal 

N
o 

24 (9.6) 
8 (22.9) 

3.7 (1.3-9.7) 
0.01 

Incident 
Exclude 

N
o 

H
istorical 

N
o 

45 (17.8) 
10 (28.6) 

2.3 (0.9-5.4) 
0.06 

Incident 
Exclude 

Y
es 

O
riginal 

N
o 

24 (9.6) 
8 (22.9) 

3.8 (1.3-10.) 
0.01 

Incident 
Exclude 

Y
es 

H
istorical 

N
o 

45 (17.8) 
10 (28.6) 

2.2 (0.8-5.4) 
0.09 

Incident 
Include 

N
o 

O
riginal 

N
o 

24 (9.5) 
9 (22.0) 

3.6 (1.4-9.0) 
0.01 

Incident 
Include 

N
o 

O
riginal 

Y
es 

24 (9.5) 
8 (20.5) 

3.3 (1.2-8.4) 
0.02 

Incident 
Include 

N
o 

H
istorical 

N
o 

46 (18.0) 
11 (26.8) 

2.1 (0.9-4.7) 
0.08 

Incident 
Include 

Y
es 

O
riginal 

N
o 

24 (9.5) 
9 (22.0) 

3.7 (1.3-9.6) 
0.01 
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CO
N

FID
EN

TIA
L: A

ttorney-C
lient W

ork Product 

Prevalent or 
Incident PD

 
Proxy 

R
espondent 

A
dditional 

C
ovariates* 

E
xposure 

C
lassification** 

A
lternative 

Incident/Preval 
ent PD

*** 
C

ontrols 
(%

) 
C

ases 
(%

) 

O
R

 

(95%
 C

I) 
P-value 

Incident 
Include 

Y
es 

O
riginal 

Y
es 

24 (9.5) 
8 (20.5) 

3.3 (1.2-8.8) 
0.02 

Incident 
Include 

Y
es 

H
istorical 

N
o 

46 (18.0) 
11 (26.8) 

2.0 (0.8-4.7) 
0.12 

 

Prevalent 
E

xclude 
N

o 
O

riginal 
N

o 
24 (10.8) 

6 (26.1) 
3.8 (1.2-1.9) 

0.02 

Prevalent 
E

xclude 
N

o 
H

istorical 
N

o 
45 (20.1) 

8 (34.8) 
2.7 (0.9-7.3) 

0.05 

Prevalent 
E

xclude 
Y

es 
O

riginal 
N

o 
24 (10.8) 

6 (26.1) 
6.0 (.73-1.1) 

<0.01 

Prevalent 
E

xclude 
Y

es 
H

istorical 
N

o 
45 (20.1) 

8 (34.8) 
3.3 (1.1-9.2) 

0.03 

Prevalent 
Include 

N
o 

O
riginal 

N
o 

24 (9.5) 
7 (21.2) 

3.2 (1.1-8.9) 
0.03 

Prevalent 
Include 

N
o 

O
riginal 

Y
es 

24 (9.5) 
8 (22.9) 

3.4 (1.2-9.1) 
0.02 

Prevalent 
Include 

N
o 

H
istorical 

N
o 

46 (18.0) 
10 (30.3) 

2.4 (0.9-5.9) 
0.06 

Prevalent 
Include 

Y
es 

O
riginal 

N
o 

24 (9.5) 
7 (21.2) 

4.1 (1.3-12.) 
0.01 

Prevalent 
Include 

Y
es 

O
riginal 

Y
es 

24 (9.5) 
8 (22.9) 

4.3 (1.5-12.) 
0.01 

Prevalent 
Include 

Y
es 

H
istorical 

N
o 

46 (18.0) 
10 (30.3) 

2.7 (1.0-6.6) 
0.04 

*A
dditional covariates w

ere fam
ily history of PD

 and education. 
**"H

istorical" is the alternative exposure classification based on the questionnaire history. 
***"A

lternative prevalent/incident PD
" is based on using the calculated relative diagnosis year to determ

ine prevalent versus incident PD
 cases. 
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CO
NFIDENTIAL: A

ttorney-C
lient W

ork Product 

T
able 7: Sensitivity testing of ever vs. never paraquat exposure in association w

ith PD
 in N

orth C
arolina residents in the FA

M
E study 

Prevalent or 
Incident PD

 
Proxy 

R
espondent 

A
dditional 

C
ovariates* 

E
xposure 

C
lassification** 

A
lternative 

Incident/Prey 
alent PD

*** 
C

ontrols 
(%

) 
C

ases 
(%

) 

O
R

 

(95%
 C

I) 
P-

 

value 

B
oth 

Exclude 
N

o 
O

riginal 
N

o 
25 (27.2) 

5 (29.4) 
1.3 (0.3-4.6) 

0.67 

B
oth 

Exclude 
N

o 
H

istorical 
N

o 
34 (37.0) 

9 (47.4) 
1.9 (0.5-6.1) 

0.32 

B
oth 

Exclude 
Y

es 
O

riginal 
N

o 
25 (27.2) 

5 (29.4) 
1.3 (0.3-4.7) 

0.67 

Both 
Exclude 

Y
es 

H
istorical 

N
o 

34 (37.0) 
9 (47.4) 

1.9 (0.5-6.2) 
0.32 

Both 
Include 

N
o 

O
riginal 

N
o 

25 (26.6) 
7 (30.4) 

1.6 (0.5-5.1) 
0.40 

Both 
Include 

N
o 

H
istorical 

N
o 

36 (37.9) 
12 (46.2) 

2.0 (0.6-5.9) 
0.22 

Both 
Include 

Y
es 

O
riginal 

N
o 

25 (26.6) 
7 (30.4) 

1.6 (0.5-5.1) 
0.40 

B
oth 

Include 
Y

es 
H

istorical 
N

o 
36 (37.9) 

12 (46.2) 
2.0 (0.6-6.0) 

0.22 

 

Incident 
Exclude 

N
o 

O
riginal 

N
o 

25 (28.7) 
4 (30.8) 

1.5 (0.3-6.5) 
0.55 

Incident 
Exclude 

N
o 

H
istorical 

N
o 

34 (39.1) 
6 (42.9) 

1.8 (0.4-6.9) 
0.42 

Incident 
Exclude 

Y
es 

O
riginal 

N
o 

25 (28.7) 
4 (30.8) 

1.6 (0.3-6.8) 
0.52 

Incident 
Exclude 

Y
es 

H
istorical 

N
o 

34 (39.1) 
6 (42.9) 

1.8 (0.4-7.1) 
0.42 

Incident 
Include 

N
o 

O
riginal 

N
o 

25 (28.1) 
4 (26.7) 

1.6 (0.3-6.5) 
0.54 

Incident 
Include 

N
o 

O
riginal 

Y
es 

25 (26.6) 
5 (35.7) 

2.0 (0.5-8.0) 
0.30 

Incident 
Include 

N
o 

H
istorical 

N
o 

36 (40.0) 
7 (41.2) 

1.9 (0.5-7.2) 
0.35 

Incident 
Include 

Y
es 

O
riginal 

N
o 

25 (28.1) 
4 (26.7) 

1.6 (0.3-6.8) 
0.52 
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C
O

N
FID

EN
TIAL: A

ttorney-C
lient W

ork P
roduct 

Prevalent or 
Incident PD

 
Proxy 

R
espondent 

A
dditional 

C
ovariates* 

E
xposure 

C
lassification** 

A
lternative 

Incident/Prey 
alent PD

*** 
C

ontrols 
(%

) 
C

ases 
(%

) 

O
R

 

(95%
 C

I) 
P-

 

value 

Incident 
Include 

Y
es 

O
riginal 

Y
es 

25 (26.6) 
5 (35.7) 

2.1 (0.5-8.4) 
0.29 

Incident 
Include 

Y
es 

H
istorical 

N
o 

36 (40.0) 
7 (41.2) 

1.9 (0.5-7.4) 
0.34 

 

Prevalent 
E

xclude 
N

o 
O

riginal 
N

o 
23 (37.1) 

1 (25.0) 
0.6 (0.0-7.9) 

0.71 

Prevalent 
E

xcluded 
N

o 
H

istorical 
N

o 
30 (48.4) 

3 (60.0) 
2.0 (0.1-22.) 

0.58 

Prevalent 
E

xcluded 
Y

es 
O

riginal 
N

o 
23 (37.1) 

1 (25.0) 
0.6 (0.0-7.9) 

0.71 

Prevalent 
E

xcluded 
Y

es 
H

istorical 
N

o 
30 (48.4) 

3 (60.0) 
1.9 (0.1-23.) 

0.60 

Prevalent 
Included 

N
o 

O
riginal 

N
o 

25 (29.1) 
3 (37.5) 

1.8 (0.3-10.) 
0.49 

Prevalent 
Included 

N
o 

O
riginal 

Y
es 

25 (29.1) 
2 (22.2) 

1.2 (0.1-8.1) 
0.82 

Prevalent 
Included 

N
o 

H
istorical 

N
o 

36 (41.4) 
5 (55.6) 

2.2 (0.3-12.) 
0.38 

Prevalent 
Included 

Yes 
O

riginal 
N

o 
25 (29.1) 

3 (37.5) 
1.8 (0.3-10.) 

0.49 

Prevalent 
Included 

Y
es 

O
riginal 

Y
es 

25 (29.1) 
2 (22.2) 

1.2 (0.1-8.3) 
0.82 

Prevalent 
Included 

Y
es 

H
istorical 

N
o 

36 (41.4) 
5 (55.6) 

2.2 (0.3-12.) 
0.38 

*A
dditional covariates w

ere fam
ily history of PD

 and education. 
**"H

istorical" is the alternative exposure classification based on the questionnaire history. 
***"A

lternative prevalent/incident PD
" is based on using the calculated relative diagnosis year to determ

ine prevalent versus incident PD
 cases. 
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CO
NFIDENTIAL: A

ttorney-C
lient W

ork Product 

T
able 8: Sensitivity testing of ever vs. never paraquat or m

aneb exposure in association w
ith PD

 in the FA
M

E study 

Prevalent or 
Incident PD

 
Proxy 
R

espondent 
A

dditional 
C

ovariates* 
E

xposure 
C

lassification** 
A

lternative 
Incident/Prey 
alent PD

*** 

C
ontrols 

(%
) 

C
ases 

(%
) 

O
R

 

(95%
 C

I) 

P-
value 

B
oth 

Excluded 
N

o 
O

riginal 
N

o 
51 (14.5) 

19 (23.2) 
2.0 (1.0-3.8) 

0.03 

B
oth 

Excluded 
N

o 
H

istorical 
N

o 
51 (14.5) 

19 (23.2) 
2.0 (1.0-3.8) 

0.03 

B
oth 

Excluded 
Y

es 
O

riginal 
N

o 
51 (14.5) 

19 (23.2) 
2.2 (1.1-4.2) 

0.02 

Both 
Excluded 

Y
es 

H
istorical 

N
o 

51 (14.5) 
19 (23.2) 

2.2 (1.1-4.2) 
0.02 

Both 
Included 

N
o 

O
riginal 

N
o 

52 (14.5) 
23 (20.9) 

1.8 (0.9-3.2) 
0.06 

Both 
Included 

N
o 

H
istorical 

N
o 

52 (14.5) 
23 (20.9) 

1.8 (0.9-3.2) 
0.06 

Both 
Included 

Y
es 

O
riginal 

N
o 

52 (14.5) 
23 (20.9) 

1.9 (1.0-3.5) 
0.03 

B
oth 

Included 
Y

es 
H

istorical 
N

o 
52 (14.5) 

23 (20.9) 
1.9 (1.0-3.5) 

0.03 

 

Incident 
Excluded 

N
o 

O
riginal 

N
o 

51 (14.7) 
12 (23.5) 

2.2 (0.9-4.7) 
0.06 

Incident 
Excluded 

N
o 

H
istorical 

N
o 

51 (14.7) 
12 (23.5) 

2.2 (0.9-4.7) 
0.06 

Incident 
Excluded 

Y
es 

O
riginal 

N
o 

51 (14.7) 
12 (23.5) 

2.3 (1.0-5.0) 
0.05 

Incident 
Excluded 

Y
es 

H
istorical 

N
o 

51 (14.7) 
12 (23.5) 

2.3 (1.0-5.0) 
0.05 

Incident 
Included 

N
o 

O
riginal 

N
o 

52 (14.7) 
13 (21.7) 

2.0 (0.9-4.2) 
0.07 

Incident 
Included 

N
o 

O
riginal 

Y
es 

52 (14.5) 
13 (22.4) 

2.0 (0.9-4.2) 
0.07 

Incident 
Included 

N
o 

H
istorical 

N
o 

52 (14.7) 
13 (21.7) 

2.0 (0.9-4.2) 
0.07 

Incident 
Included 

Y
es 

O
riginal 

N
o 

52 (14.7) 
13 (21.7) 

2.1 (0.9-4.5) 
0.06 
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ttorney-C
lient W
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Prevalent or 
Incident PD

 
Proxy 
R

espondent 
A

dditional 
C

ovariates* 
E

xposure 
C

lassification** 
A

lternative 
Incident/Prey 
aient PD

*** 

C
ontrols 

(%
) 

C
ases 

(%
) 

O
R

 

(95%
 C

I) 

P-
value 

Incident 
Included 

Y
es 

O
riginal 

Y
es 

52 (14.5) 
13 (22.4) 

2.1 (0.9-4.4) 
0.06 

Incident 
Included 

Y
es 

H
istorical 

N
o 

52 (14.7) 
13 (21.7) 

2.1 (0.9-4.5) 
0.06 

 

Prevalent 
E

xcluded 
N

o 
O

riginal 
N

o 
47 (16.2) 

7 (22.6) 
1.9 (0.7-5.1) 

0.21 

Prevalent 
E

xcluded 
N

o 
H

istorical 
N

o 
47 (16.2) 

7 (22.6) 
1.9 (0.7-5.1) 

0.21 

Prevalent 
E

xcluded 
Y

es 
O

riginal 
N

o 
47 (16.2) 

7 (22.6) 
2.3 (0.8-6.4) 

0.12 

Prevalent 
E

xcluded 
Y

es 
H

istorical 
N

o 
47 (16.2) 

7 (22.6) 
2.3 (0.8-6.4) 

0.12 

Prevalent 
Included 

N
o 

O
riginal 

N
o 

51 (14.6) 
10 (20.0) 

1.6 (0.6-3.6) 
0.27 

Prevalent 
Included 

N
o 

O
riginal 

Y
es 

51 (14.6) 
10 (19.2) 

1.6 (0.7-3.5) 
0.27 

Prevalent 
Included 

N
o 

H
istorical 

N
o 

51 (14.6) 
10 (20.0) 

1.6 (0.6-3.6) 
0.27 

Prevalent 
Included 

Y
es 

O
riginal 

N
o 

51 (14.6) 
10 (20.0) 

1.8 (0.7-4.2) 
0.17 

Prevalent 
Included 

Y
es 

O
riginal 

Y
es 

51 (14.6) 
10 (19.2) 

1.8 (0.7-4.2) 
0.16 

Prevalent 
Included 

Y
es 

H
istorical 

N
o 

51 (14.6) 
10 (20.0) 

1.8 (0.7-4.2) 
0.17 

*A
dditional covariates w

ere fam
ily history of PD

 and education. 
**"H

istorical" is the alternative exposure classification based on the questionnaire history. 
***"A

lternative prevalent/incident PD
" is based on using the calculated relative diagnosis year to determ

ine prevalent versus incident PD
 cases. 
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N

FID
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TIA
L: A
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T
able 9: Sensitivity testing of ever vs. never paraquat or ziram

 exposure in association w
ith PD

 in the FA
M

E
 study 

Prevalent or 
Incident PD

 
Proxy 

R
espondent 

A
dditional 

C
ovariates* 

E
xposure 

C
lassification** 

A
lternative 

Incident/Prey 
alent PD

*** 
C

ontrols 
(%

) 
C

ases 
(%

) 

O
R

 

(95%
 C

I) 
P-

 

value 

B
oth 

Excluded 
N

o 
O

riginal 
N

o 
46 (13.1) 

19 (23.2) 
2.3 (1.1-4.3) 

0.01 

B
oth 

Excluded 
N

o 
H

istorical 
N

o 
46 (13.1) 

19 (23.2) 
2.3 (1.1-4.3) 

0.01 

B
oth 

Excluded 
Y

es 
O

riginal 
N

o 
46 (13.1) 

19 (23.2) 
2.5 (1.2-4.9) 

0.01 

B
oth 

Excluded 
Y

es 
H

istorical 
N

o 
46 (13.1) 

19 (23.2) 
2.5 (1.2-4.9) 

0.01 

B
oth 

Included 
N

o 
O

riginal 
N

o 
46 (12.8) 

21 (19.1) 
1.8 (0.9-3.3) 

0.05 

B
oth 

Included 
N

o 
H

istorical 
N

o 
46 (12.8) 

21 (19.1) 
1.8 (0.9-3.3) 

0.05 

B
oth 

Included 
Y

es 
O

riginal 
N

o 
46 (12.8) 

21 (19.1) 
2.1 (1.1-3.9) 

0.02 

B
oth 

Included 
Y

es 
H

istorical 
N

o 
46 (12.8) 

21 (19.1) 
2.1 (1.1-3.9) 

0.02 

 

Incident 
Excluded 

N
o 

O
riginal 

N
o 

46 (13.3) 
12 (23.5) 

2.5 (1.1-5.5) 
0.02 

Incident 
Excluded 

N
o 

H
istorical 

N
o 

46 (13.3) 
12 (23.5) 

2.5 (1.1-5.5) 
0.02 

Incident 
Excluded 

Y
es 

O
riginal 

N
o 

46 (13.3) 
12 (23.5) 

2.8 (1.2-6.2) 
0.02 

Incident 
Excluded 

Y
es 

H
istorical 

N
o 

46 (13.3) 
12 (23.5) 

2.8 (1.2-6.2) 
0.02 

Incident 
Included 

N
o 

O
riginal 

N
o 

46 (13.0) 
12 (20.0) 

2.2 (1.0-4.8) 
0.04 

Incident 
Included 

N
o 

O
riginal 

Y
es 

46 (12.8) 
12 (20.7) 

2.2 (1.0-4.8) 
0.05 

Incident 
Included 

N
o 

H
istorical 

N
o 

46 (13.0) 
12 (20.0) 

2.2 (1.0-4.8) 
0.04 

Incident 
Included 

Y
es 

O
riginal 

N
o 

46 (13.0) 
12 (20.0) 

2.4 (1.0-5.3) 
0.03 
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CO
N

FID
EN

TIA
L: A

ttorney-C
lient W

ork Product 

Prevalent or 
Incident PD

 
Proxy 

R
espondent 

A
dditional 

C
ovariates* 

E
xposure 

C
lassification** 

A
lternative 

Incident/Prey 
alent PD

*** 
C

ontrols 
(%

) 
C

ases 
(%

) 

O
R

 

(95%
 C

I) 
P-

 

value 

Incident 
Included 

Y
es 

O
riginal 

Y
es 

46 (12.8) 
12 (20.7) 

2.4 (1.0-5.2) 
0.04 

Incident 
Included 

Y
es 

H
istorical 

N
o 

46 (13.0) 
12 (20.0) 

2.4 (1.0-5.3) 
0.03 

 

Prevalent 
E

xcluded 
N

o 
O

riginal 
N

o 
45 (15.5) 

7 (22.6) 
2.0 (0.7-5.5) 

0.16 

Prevalent 
E

xcluded 
N

o 
H

istorical 
N

o 
45 (15.5) 

7 (22.6) 
2.0 (0.7-5.5) 

0.16 

Prevalent 
E

xcluded 
Y

es 
O

riginal 
N

o 
45 (15.5) 

7 (22.6) 
2.4 (0.8-6.9) 

0.09 

Prevalent 
E

xcluded 
Y

es 
H

istorical 
N

o 
45 (15.5) 

7 (22.6) 
2.4 (0.8-6.9) 

0.09 

Prevalent 
Included 

N
o 

O
riginal 

N
o 

46 (13.1) 
9 (18.0) 

1.5 (0.6-3.6) 
0.33 

Prevalent 
Included 

N
o 

O
riginal 

Y
es 

46 (13.1) 
9 (17.3) 

1.5 (0.6-3.5) 
0.33 

Prevalent 
Included 

N
o 

H
istorical 

N
o 

46 (13.1) 
9 (18.0) 

1.5 (0.6-3.6) 
0.33 

Prevalent 
Included 

Y
es 

O
riginal 

N
o 

46 (13.1) 
9 (18.0) 

1.8 (0.7-4.3) 
0.18 

Prevalent 
Included 

Y
es 

O
riginal 

Y
es 

46 (13.1) 
9 (17.3) 

1.8 (0.7-4.3) 
0.17 

Prevalent 
Included 

Y
es 

H
istorical 

N
o 

46 (13.1) 
9 (18.0) 

1.8 (0.7-4.3) 
0.18 

*A
dditional covariates w

ere fam
ily history of PD

 and education. 
**"H

istorical" is the alternative exposure classification based on the questionnaire history. 
***"A

lternative prevalent/incident PD
" is based on using the calculated relative diagnosis year to determ

ine prevalent versus incident PD
 cases. 
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CO
NFIDENTIAL: A

ttorney-C
lient W

ork Product 

T
able 10: Sensitivity testing of ever vs. never paraquat, m

aneb, or ziram
 exposure in association w

ith PD
 in the FA

M
E study 

Prevalent or 
Incident PD

 
Proxy 
R

espondent 
A

dditional 
C

ovariates* 
E

xposure 
C

lassification** 
A

lternative 
Incident/Prey 
alent PD

*** 

C
ontrols 

(%
) 

C
ases 

(%
) 

O
R

 

(95%
 C

I) 

P-
value 

B
oth 

Excluded 
N

o 
O

riginal 
N

o 
51 (14.5) 

19 (23.2) 
2.0 (1.0-3.8) 

0.03 

B
oth 

Excluded 
N

o 
H

istorical 
N

o 
51 (14.5) 

19 (23.2) 
2.0 (1.0-3.8) 

0.03 

B
oth 

Excluded 
Y

es 
O

riginal 
N

o 
51 (14.5) 

19 (23.2) 
2.2 (1.1-4.2) 

0.02 

Both 
Excluded 

Y
es 

H
istorical 

N
o 

51 (14.5) 
19 (23.2) 

2.2 (1.1-4.2) 
0.02 

Both 
Included 

N
o 

O
riginal 

N
o 

52 (14.5) 
23 (20.9) 

1.8 (0.9-3.2) 
0.06 

Both 
Included 

N
o 

H
istorical 

N
o 

52 (14.5) 
23 (20.9) 

1.8 (0.9-3.2) 
0.06 

Both 
Included 

Y
es 

O
riginal 

N
o 

52 (14.5) 
23 (20.9) 

1.9 (1.0-3.5) 
0.03 

B
oth 

Included 
Y

es 
H

istorical 
N

o 
52 (14.5) 

23 (20.9) 
1.9 (1.0-3.5) 

0.03 

 

Incident 
Excluded 

N
o 

O
riginal 

N
o 

51 (14.7) 
12 (23.5) 

2.2 (0.9-4.7) 
0.06 

Incident 
Excluded 

N
o 

H
istorical 

N
o 

51 (14.7) 
12 (23.5) 

2.2 (0.9-4.7) 
0.06 

Incident 
Excluded 

Y
es 

O
riginal 

N
o 

51 (14.7) 
12 (23.5) 

2.3 (1.0-5.0) 
0.05 

Incident 
Excluded 

Y
es 

H
istorical 

N
o 

51 (14.7) 
12 (23.5) 

2.3 (1.0-5.0) 
0.05 

Incident 
Included 

N
o 

O
riginal 

N
o 

52 (14.7) 
13 (21.7) 

2.0 (0.9-4.2) 
0.07 

Incident 
Included 

N
o 

O
riginal 

Y
es 

52 (14.5) 
13 (22.4) 

2.0 (0.9-4.2) 
0.07 

Incident 
Included 

N
o 

H
istorical 

N
o 

52 (14.7) 
13 (21.7) 

2.0 (0.9-4.2) 
0.07 

Incident 
Included 

Y
es 

O
riginal 

N
o 

52 (14.7) 
13 (21.7) 

2.1 (0.9-4.5) 
0.06 
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CO
N

FID
EN

TIA
L: A

ttorney-C
lient W
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Prevalent or 
Incident PD

 
Proxy 
R

espondent 
A

dditional 
C

ovariates* 
E

xposure 
C

lassification** 
A

lternative 
Incident/Prey 
aient PD

*** 

C
ontrols 

(%
) 

C
ases 

(%
) 

O
R

 

(95%
 C

I) 

P-
value 

Incident 
Included 

Y
es 

O
riginal 

Y
es 

52 (14.5) 
13 (22.4) 

2.1 (0.9-4.4) 
0.06 

Incident 
Included 

Y
es 

H
istorical 

N
o 

52 (14.7) 
13 (21.7) 

2.1 (0.9-4.5) 
0.06 

 

Prevalent 
E

xcluded 
N

o 
O

riginal 
N

o 
47 (16.2) 

7 (22.6) 
1.9 (0.7-5.1) 

0.21 

Prevalent 
E

xcluded 
N

o 
H

istorical 
N

o 
47 (16.2) 

7 (22.6) 
1.9 (0.7-5.1) 

0.21 

Prevalent 
E

xcluded 
Y

es 
O

riginal 
N

o 
47 (16.2) 

7 (22.6) 
2.3 (0.8-6.4) 

0.12 

Prevalent 
E

xcluded 
Y

es 
H

istorical 
N

o 
47 (16.2) 

7 (22.6) 
2.3 (0.8-6.4) 

0.12 

Prevalent 
Included 

N
o 

O
riginal 

N
o 

51 (14.6) 
10 (20.0) 

1.6 (0.6-3.6) 
0.27 

Prevalent 
Included 

N
o 

O
riginal 

Y
es 

51 (14.6) 
10 (19.2) 

1.6 (0.7-3.5) 
0.27 

Prevalent 
Included 

N
o 

H
istorical 

N
o 

51 (14.6) 
10 (20.0) 

1.6 (0.6-3.6) 
0.27 

Prevalent 
Included 

Y
es 

O
riginal 

N
o 

51 (14.6) 
10 (20.0) 

1.8 (0.7-4.2) 
0.17 

Prevalent 
Included 

Y
es 

O
riginal 

Y
es 

51 (14.6) 
10 (19.2) 

1.8 (0.7-4.2) 
0.16 

Prevalent 
Included 

Y
es 

H
istorical 

N
o 

51 (14.6) 
10 (20.0) 

1.8 (0.7-4.2) 
0.17 

*A
dditional covariates w

ere fam
ily history of PD

 and education. 
**"H

istorical" is the alternative exposure classification based on the questionnaire history. 
***"A

lternative prevalent/incident PD
" is based on using the calculated relative diagnosis year to determ

ine prevalent versus incident PD
 cases. 
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A
ppendix 1. C

ontents of the Septem
ber 2012 N

IH
 dataset for the FA

M
E

 study 

 

N
am

e 
T

ype 
Len 

F
orm

at 
L

abel 

1
 

N
IEH

SID
 

C
har 

10 

 

FA
M

E P
seudo ID

 N
um

ber 

2 
fam

eC
C

 
N

um
 

8 
C

C
. 

C
ase statu

s 

3 
pd_phasel 

N
um

 
8 

PD
PIF. 

P
hase I PD

 statu
s am

ong FA
M

E cases 

4 
refageT

 
N

um
 

8
 

A
G

ET_F. 
R

eference age 

5 
IsM

ale 
N

um
 

8
 

ISM
A

LE. 
Is m

ale 

6 
statelsiA

 
N

um
 

8
 

STA
TEISIA

. 
S

tate 

7 
vital 

statu
s 

N
um

 
8
 

Y
ES 

N
O

. 
D

ied < FA
M

E enrollm
ent 

8 
A

H
SE

nrollY
ear 

N
um

 
8
 

 

Y
ear enrolled in A

H
S 

9 
FA

M
E

nrollY
ear 

N
um

 
8
 

 

Y
ear enrolled in FA

M
E 

10 
yrs_dxT

oFA
M

E
_cat 

N
um

 
8
 

D
X

F_F. 
Y

rs from
 PD

 dx to FA
M

E enrollm
t or death 

1
1
 

hasFH
PD

 
N

um
 

8
 

Y
N

_F. 
fam

ily history of PD
 in 1

ST
 degree relative 

12 
ever100cig 

N
um

 
8
 

Y
N

_F. 
E

ver sm
oked 100+

 cigs (< FA
M

E ref yr, else < A
H

S E
/S qx) 

13 
CAST 

S1 
N

um
 

8 

 

CA
SI

 total S
core raw

 

14 
olfscore 

N
um

 
8
 

 

BSIT total score 

15 
yrs_dxT

oFA
M

E
 

N
um

 
8
 

 

Y
rs from

 PD
 dx to

 FA
M

E enrollm
t or death 

16 
educgtH

S
 

N
um

 
8
 

ED
_C

. 
H

ighest education > H
S (L2-L3c, then E

5/55) 

1
7
 

resttrem
 

N
um

 
8
 

 

R
esting trem

or (0-no sign, 0.5-questionable, 1-sign) 

1
8
 

bradyk 
N

um
 

8
 

 

B
radykinesia (0-no sign, 0.5-questionable, 1-sign) 

19 
rigid 

N
um

 
8
 

 

R
igidity (0-no sign, 0.5-questionable, 1-sign) 

20 
posrefl 

N
um

 
8
 

 

P
ostural reflex im

pairm
t (0-no sign, 0.5-questionable, 1-sign) 

21 
asym

m
 

N
um

 
8
 

 

A
sym

m
etric onset (0-no sign, 0.5-questionable, 1-sign) 

22 
respL

dopa 
N

um
 

8
 

 

R
esponse to

 L-dopa
 (0-no sign, 0.5-questionable, 1-sign) 

23 
IfP

roxy_pest 
N

um
 

8
 

Y
N

_F. 
Proxy inform

ant used 

24 
everO

xidS
tress 

N
um

 
8
 

Y
N

_F. 
E

ver used a FA
M

E oxidative stressor < ref yr 

25 
everC

om
plexlinhib 

N
um

 
8
 

Y
N

_F. 
E

ver used a FA
M

E C
om

plex I inhibitor < ref yr 

26 
everF

m
9a1 

N
um

 
8
 

Y
N

_F. 
E

ver used 2,4-D
 < ref yr 

27 
everF

m
9a2 

N
um

 
8
 

Y
N

_F. 
E

ver used A
ldrin < ref yr 
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28 
everF

m
9a3 

N
um
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Y
N

_F. 
E

ver used B
enom

yl, etc. < ref yr 

29 
everF

m
9a4 

N
um

 
8
 

Y
N

_F. 
E

ver used A
cifluorfen, etc. < ref yr 

30 
everF

m
9a5 

N
um

 
8
 

Y
N

_F. 
E

ver used C
arbendazim

, etc. < ref yr 

3
1

 
everF

m
9a6 

N
um

 
8
 

Y
N

_F. 
E

ver used C
arbon disulfide < ref yr 

32 
everF

m
9a7 

N
um
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Y
N

_F. 
E

ver used C
hloranil < ref yr 

33 
everF

m
9a8 

N
um

 
8
 

Y
N

_F. 
E

ver used C
opper com

pounds < ref yr 

34 
everF

m
9a9 

N
um
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Y
N

_F. 
E

ver used C
yanides < ref yr 

35 
everF

m
9a10 

N
um
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Y
N

_F. 
E

ver used C
yhalothrin, etc. < ref yr 

36 
everF

m
9a11 

N
um

 
8
 

Y
N

_F. 
E

ver used D
D

T < ref yr 

37 
everF

m
9a12 

N
um

 
8
 

Y
N

_F. 
E

ver used D
ichlone < ref yr 

38 
everF

m
9a13 

N
um

 
8
 

Y
N

_F. 
E

ver used D
ieldrin < ref yr 

39 
everF

m
9a14 

N
um

 
8
 

Y
N

_F. 
E

ver used D
iquat < ref yr 

40 
everF

m
9a15 

N
um

 
8
 

Y
N

_F. 
E

ver used F
erbam

, carbam
ate < ref yr 

4
1

 
everF

m
9a16 

N
um
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Y
N

_F. 
E

ver used M
ancozeb, etc. < ref yr 

42 
everF

m
9a17 

N
um

 
8
 

Y
N

_F. 
E

ver used M
aneb, M

anex < ref yr 

43 
everF

m
9a18 

N
um

 
8
 

Y
N

_F. 
E

ver used M
ercury com

pounds < ref yr 

44 
everF

m
9a19 

N
um

 
8
 

Y
N

_F. 
E

ver used M
etam

-sodium
, etc. < ref yr 

45 
everF

m
9a20 

N
um
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Y
N

_F. 
E

ver used P
araquat < ref yr 

46 
everF

m
9a21 

N
um
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Y
N

_F. 
E

ver used P
arathion m

ethyl < ref yr 

47 
everF

m
9a22 

N
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Y
N

_F. 
E

ver used P
erm

ethrin, etc. < ref yr 

48 
everF

m
9a23 

N
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Y
N

_F. 
E

ver used P
ybuthrin, etc. < ref yr 

49 
everF

m
9a24 

N
um
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Y
N

_F. 
E

ver used P
yridaben, etc. < ref yr 

50 
everF

m
9a25 

N
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Y
N

_F. 
E

ver used R
otenone, etc. < ref yr 

51 
everF

m
9a26 

N
um
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Y
N

_F. 
E

ver used T
hiabendazole, etc. < ref yr 

52 
everF

m
9a27 

N
um
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Y
N

_F. 
E

ver used T
hiram

 < ref yr 

53 
everF

m
9a28 

N
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Y
N

_F. 
E

ver used T
rifluralin, etc. < ref yr 

54 
everF

m
9a29 

N
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Y
N

_F. 
E

ver used V
egadex, etc. < ref yr 

55 
everF

m
9a30 

N
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E

ver used Z
ineb, etc. < ref yr 

56 
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m
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E
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, etc. < ref yr 
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D
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 < ref yr 
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fm
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D
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D
ays used A

cifluorfen, etc. < ref yr 
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9sum
D

ays1m
 

N
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80 
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9sum
D

ays4m
 

N
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8
1
 

fm
9sum

D
ays2m

 
N
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82 
fm

9sum
D

ays8m
 

N
um
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fm

9sum
D
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N
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9sum
D
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N
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9sum
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N
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N
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N
um

 
8
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D
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fm

9sum
D
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N
um
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C
O

N
FID

EN
TIA

L: A
ttorney-C

lient W
ork P

roduct 

D
ays used A

ldrin < ref yr 

D
ays used C

opper com
pounds < ref yr 

D
ays used D

D
T < ref yr 

D
ays used D

ieldrin < ref yr 

D
ays used F

erbam
, carbam

ate < ref yr 

D
ays used P

araquat < ref yr 

D
ays used P

erm
ethrin, etc. < ref yr 

D
ays used R

otenone, etc. < ref yr 

D
ays used T

rifluralin, etc. < ref yr 

2,4-D
: days exposed (none, <=, > m

edian) 

A
cifluorfen, etc.: days exposed (none, <=, > m

edian) 

A
ldrin: days exposed ((none, <=, > m

edian) 

C
opper com

pounds: days exposed (none, <=, > m
edian) 

D
D

T: days exposed (none, <=, > m
edian) 

D
ieldrin: days exposed (none, <=, > m

edian) 

F
erbam

: days exposed (none, <=, > m
edian) 

P
araquat: days exposed (none, <=, > m

edian) 

P
erm

ethrin: days exposed (none, <=, > m
edian) 

R
otenone: days exposed (none, <=, > m

edian) 

T
rifluralin, etc.: days exposed (none, <=, > m

edian) 

m
ales only:D

ays used 2,4-D
 < ref yr 

m
ales only:D

ays used A
cifluorfen, etc. < ref yr 

m
ales only:D

ays used A
ldrin < ref yr 

m
ales only:D

ays used C
opper com

pounds < ref yr 

m
ales only:D

ays used D
D

T < ref yr 

m
ales only:D

ays used D
ieldrin < ref yr 

m
ales only:D

ays used F
erbam

, carbam
ate < ref yr 

m
ales only:D

ays used P
araquat < ref yr 

m
ales only:D

ays used P
erm

ethrin, etc. < ref yr 

m
ales only:D

ays used R
otenone, etc. < ref yr 

m
ales only:D

ays used T
rifluralin, etc. < ref yr 
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109 
fm

9sum
Y

rsM
ed22 

G
3 

N
um

 
8
 

G
3_F. 
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G
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N
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1
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N
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G
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N
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Y
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N
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_H
R

B
Y

R
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N
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A
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im
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N
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eL

T
D

C
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N
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PEST4X
A
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117 
fE
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N
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3 
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O

Y
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118 
eE
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N
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Y
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N
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_N
O

Y
ES. 

120 
fY

earsA
ldrin 

N
um

 
8
 

_H
R

B
Y

R
F. 

C
O

N
FID

EN
TIA

L: A
ttorney-C

lient W
ork P

roduct 

E
st yrs used 2,4-D

 (m
edian) 

E
st yrs used A

ldrin (m
edian) 

E
st yrs used B

lazer, etc. (m
edian) 

E
st yrs used C

opper com
pounds (m

edian) 

E
st yrs used D

D
T (m

edian) 

E
st yrs used D

ieldrin (m
edian) 

E
st yrs used F

erbam
, carbam

ate (m
edian) 

E
st yrs used P

araquat (m
edian) 

E
st yrs used P

erm
ethrin, etc. (m

edian) 

E
st yrs used R

otenone, etc. (m
edian) 

E
st yrs used T

rifluralin, etc. (m
edian) 

fm
9sum

Y
rsM

ed1: 2,4-D
 exposure (none, <=, > m

edian) 

fm
9sum

Y
rsM

ed2: A
ldrin exposure (none, <=, > m

edian) 

fm
9sum

Y
rsM

ed4: B
lazer, etc.exposure (none, <=, > m

edian) 

fm
9sum

Y
rsM

ed8: C
opper com

pounds exposure (none, <=, > m
edian) 

fm
9sum

Y
rsM

edll: D
D

T exposure (none, <=, > m
edian) 

fm
9sum

Y
rsM

ed13: D
ieldrin exposure (none, <=, > m

edian) 

fm
9sum

Y
rsM

ed15: F
erbam

, carbam
ate exposure (none, <=, > m

edian) 

fm
9sum

Y
rsM

ed20: P
araquat exposure (none, <=, > m

edian) 

fm
9sum

Y
rsM

ed22: P
erm

ethrin, etc. exposure (none, <=, > m
edian) 

fm
9sum

Y
rsM

ed25: R
otenone, etc. exposure (none, <=, > m

edian) 

fm
9sum

Y
rsM

ed28: T
rifluralin, etc. exposure (none, <=, > m

edian) 

2,4-D
 ever (A

p,Sp) 

2,4-D
 yrs (A

p) 

2,4-D
 dpy (A

p) 

2,4-D
 lifetim

e days (A
p) 

2,4-D
 lifetim

e days (A
p) 

acifluorfen ever (A
p) 

aldrin ever (A
p,Sp) 

aldrin ever
 TH

 (A
p) 

aldrin yrs (A
p) 
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aldrin dpy (A
p) 

aldrin lifetim
e days (A

p) 

aldrin lifetim
e days (A

p) 

copper ever (A
p) 

D
D

T ever (A
p,Sp) 

D
D

T ever
 TH

 (A
p) 

D
D

T yrs (A
p) 

D
D

T dpy (A
p) 

D
D

T lifetim
e days (A

p) 

D
D

T lifetim
e days (A

p) 

dieldrin ever (A
p,Sp) 

dieldrin ever
 TH

 (A
p) 

dieldrin yrs (A
p) 

dieldrin dpy (A
p) 

dieldrin lifetim
e days (A

p) 

dieldrin lifetim
e days (A

p) 

ferbam
 ever (A

p) 

P
araquat ever (A

p,Sp) 

P
araquat ever

 TH
 (A

p) 

P
araquat yrs (A

p) 

P
araquat dpy (A

p) 

P
araquat lifetim

e days (A
p) 

P
araquat lifetim

e days (A
p) 

perm
ethrin ever (A

p,Sp) 

perm
ethrin crops ever (A

p,Sp) 

perm
ethrin crops yrs (A

p) 

perm
ethrn crops dpy (A

p) 

perm
ethrin crops lifetim

e days (A
p) 

perm
ethrin crops lifetim

e days (A
p) 

perm
ethrin anim

als ever (A
p,Sp) 

perm
ethrin anim

als yrs (A
p) 
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