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We thank Dr Sheppard and Ms Shaffer for their interest in our
report of glyphosate and cancer risk in the Agricultural Health
Study (AHS) (1) and the opportunity to discuss the potential im-
pact of our method of assigning glyphosate exposure for partici-
pants who did not complete the follow-up questionnaire. As
they correctly state, we did not account for health outcome
when imputing exposure. Although we agree that this method
could theoretically bias risk estimates towards the null, based
on sensitivity analyses that we conducted and reported in the
manuscript and describe more fully below, we demonstrate
that our imputation likely did not materially impact risk esti-
mates. For example, when analyses are restricted to exposure
reported at enrollment, the rate ratios are similar to the esti-
mates for the total data set including the imputed exposure
data (Table 1). Also, the patterns of risk are similar for those
who completed the follow-up questionnaire (ie, self-reported
use, yes/no) and those who did not (ie, imputed use, yes/no),
with no statistically significant interaction between glyphosate
use and completion of the follow-up questionnaire. In addition,
the median lifetime days of glyphosate use was nearly the same
for those who completed the follow-up questionnaire (38.8,
interquartile range 15–108.5) and those who did not (38.0, inter-
quartile range 11.8–108.5).

To determine the number of participants whose classifica-
tion of glyphosate use would potentially be affected by includ-
ing the outcome in the imputation, we compared the predicted
probability of exposure from the binary logistic regression used
in our imputation model with the predicted probability of expo-
sure based on outcome-augmented models from the complete-
data subjects, that is, adding an indicator variable for each of
the following: all cancers, non-Hodgkin lymphoma, multiple
myeloma, and acute myeloid leukemia. As an example, for total
cancer, the addition of the outcome to the imputation model
would have affected the exposure status of five or fewer cases
among those who did not complete the follow-up questionnaire
(Table 1). This estimate is based on the mean absolute differ-
ence (SD) of 0.0021 (0.0005) in the predicted probabilities of
glyphosate exposure from the logistic regression models with
and without total cancer outcome (Supplementary Table 1).

The predicted probabilities, mean absolute differences, and esti-
mated number of subjects affected by the alternative imputa-
tion method by outcome (total cancer, non-Hodgkin lymphoma,
multiple myeloma, or acute myeloid leukemia) for subjects who
did not complete the follow-up questionnaire are shown in
Supplementary Table 1.

The AHS evaluates multiple health outcomes and pesticide
exposures. In the 2018 article focused on glyphosate, for exam-
ple, we evaluated 23 different cancer sites. Rather than carry
out 23 separate imputations, we chose to develop one imputa-
tion model based on data available from enrollment, irrespec-
tive of outcome information (2). Because we continually update
outcome information, our approach also facilitates updated
analyses and standardizes exposure estimates across analyses.

Overall, we believe that these data demonstrate that not in-
cluding outcome information in our imputation of glyphosate
exposure did not introduce meaningful bias in our cancer risk
estimates associated with this pesticide.
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