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We thank Dr. Gennings for taking interest in our research. Here
we respond to Dr. Gennings’ letter (Gennings 2021; hereafter
referred to as “the letter”), which raises several points relating to
our assessment of weighted quantile sum regression (WQSR) and
a method we described called quantile g-computation (QGC)
(Keil et al. 2020b). Namely, the letter states, first, that our assess-
ment of impacts of exposure correlation is inadequate; second,
that overall effects are at odds with the joint action of exposures;
and third, that we mischaracterize the target parameter of WQSR.

Regarding the first point, it is not clear why the letter states
that our approach to simulating highly correlated exposures is
inadequate. Whereas the method cited in the letter simulates con-
tinuous, correlated exposures, we simulated discrete, correlated
exposures. Both WQSR and QGC discretize exposures during fit-
ting, so we know of no reason why our results would change
under a different simulation approach.

Regarding the second point, it helps to note that QGC is a
special case of g-computation and was motivated by our work in
settings of complex exposure settings (Keil et al. 2020a, 2018a,
2018b, 2014; Keil and Richardson 2017). These methods are
grounded in theory and applied examples (e.g., Taubman et al.
2009) that support their use for estimating joint effects of multi-
ple exposures. Notably, these effects are clearly interpreted as
what we would estimate in an experiment in which we could
increase all exposures by one quantile in the study population.
Those actions can have unintended consequences if exposures act
in different directions, an idea that joint effects inherently
incorporate.

Regarding the third point, we did not intuit that WQSR is bi-
ased for all estimands, merely the one we assessed: a joint effect
of simultaneously increasing all exposures simultaneously by one
quantile. Our initial insight into QGC and WQSR was our large
sample simulation that showed that WQSR and QGC converge to
the same estimated effect when a) all mixture components have
linear effects in the same direction and b) the sample size is large
enough that random error is negligible. Under such limited cir-
cumstances we showed that WQSR and QGC estimate the same
interpretable parameter with essentially no bias. We designed our
simulations to assess whether bias existed in more realistic
settings.
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The “mixture effect” of the letter is not precisely defined,
but we interpret it as the joint effect of all exposures with true
linear effects in the same direction. Thus, the “mixture” and
“overall” effects coincide in scenario 4 of our paper, where
QGC was unbiased and WQSR was biased (except in very
large samples). Thus, at least in this setting, WQSR is also bi-
ased for the mixture effect. Bias patterns in WQSR under posi-
tive effect constraints were similar to those under negative
effect constraints and offered no unique insights, so we did not
report it.

We agree with Dr. Gennings that individual exposures can
have small, clinically negligible effects, yet the joint effect can be
larger and clinically relevant. Our simulations demonstrated that
QGC reliably estimated a joint effect of many exposures with
small effects (up to 14 in our scenario 4).

Ultimately, a parameter of interest is chosen by the analyst,
and not the method. Our approach has spurred several dialogs
and exchanges of simulation results with other researchers who
sought to answer different questions. No approach will be best
for every question, so we enthusiastically agree with the spirit of
Dr. Gennings’ letter that a clear scientific question should drive
the approach underlying any analysis.
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