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Abstract

Unmeasured confounding, unethical exposure, and ill-defined interventions pose
significant challenges to evaluating policy-relevant mediation estimands in medicine
and public health. In observational studies involving harmful exposures, the
population intervention indirect effect (PIIE) is often more salient than the natural
indirect effect, as the latter relies on hypothetical interventions that may be ethically
or practically unfeasible. While the PIIE can be identified via the generalized front-
door criterion under unmeasured exposure-outcome confounding, existing estimation
methods typically assume the absence of unmeasured confounding for the mediator.
Furthermore, when the exposure corresponds to ill-defined interventions, the standard
PIIE criterion fails; however, the generalized front-door formula may still identify the
causal effect of an intervening variable designed to capture the indirect effect. We
develop a unified identification and estimation framework for the PIIE and the causal
effect of an intervening variable in settings with pervasive unmeasured confounding
affecting exposure-mediator, exposure-outcome, and mediator-outcome relationships.
Specifically, we leverage observed covariates as proxy variables to construct three
distinct identification strategies within a proximal causal inference framework. We
characterize the semiparametric efficiency bound for the target estimands and develop
multiply robust, locally efficient estimators that remain consistent under partial model
misspecification. We apply our methodology to study the indirect effect of alcohol
consumption on depression risk as mediated by depersonalization symptoms. This is
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