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COMMENTARY

Mediating to Opportunity: The Challenges of Translating
Mediation Estimands into Policy Recommendations

Louisa H. Smith,® and Gabriel L. Schwartz"

I n 1994, the US Department of Housing and Urban Development undertook an ambitious
policy experiment, dubbed Moving to Opportunity (MTO).! The study aimed to answer
one of the most vexing questions in social science: does living in a neighborhood with
more economic opportunity and lower poverty mean better well-being? And could govern-
ment housing vouchers change people’s neighborhood contexts enough to matter? More
than 4600 families living in public housing were randomized to receive either business-as-
usual public housing benefits or one of two types of housing vouchers, allowing them to
move into private housing. The results, at least for children, were murky: although younger
children and older girls whose families received vouchers both seemed to enjoy long-term
economic, behavioral, and health benefits, older boys appear to have been hurt by the inter-
vention, with higher levels of substance use and poorer mental health.>® Although many
hypotheses have been advanced to explain why older boys fared so poorly, consensus is a
long way off.

Faced with such strong treatment effect heterogeneity and multiple competing
hypotheses about that heterogeneity, what’s an epidemiologist to do? Mediation analysis
provides one path forward. In this issue, Rudolph et al. turned to mediation to reanalyze
boys’ MTO data in an attempt to understand what drove the harmful effects boys experi-
enced, examining behavioral and substance abuse outcomes and a set of mediators describ-
ing boys’ school, neighborhood, and social environments.” In the context of that work, this
commentary highlights key methodologic and conceptual decision points for epidemiolo-
gists turning to mediation in an effort to autopsy harmful policy experiments and improve
interventions. First, we propose distinct goals of mediation analyses in such situations.
Second, we discuss several common choices for mediation estimands and the questions
they answer. Third, we assess the utility of mediation for unpacking treatment heterogene-
ity, particularly in the case of housing interventions.

THE GOAL OF MEDIATION IN POLICY EXPERIMENTS
It is worth making explicit the goals of using mediation to understand harmful policy
experiments. Three may be common: First, researchers may be interested in leveraging the
experiment to answer etiologic questions that are broadly applicable to a discipline (advanc-
ing theory), treating the policy experiment per se as a nuisance. Second, researchers may
want to understand what went wrong (in general or for a specific subgroup) to supplement
the original intervention with additional supports that could help any harmed subgroup(s)
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enjoy the same benefits of treatment as other groups. Finally,
researchers may want to understand what went wrong (in gen-
eral or for a specific subgroup) to develop a new, entirely rede-
signed policy intervention that avoids such pitfalls.

CHOOSING AN ESTIMAND

Various mediation estimands could be used to address
these goals. Natural direct and indirect effects®® have become
popular in part because they attractively sum to the total
effect.!® This allows for a causal effect to be partitioned into a
portion that acts through a specific mediator and another that
does not. Intuitively, natural effects assess the causal effects of
treatment mediated (indirect) or not mediated (direct) through
some mediator(s) by fixing the mediator to the specific value
it would have taken under treatment or no treatment. Despite
natural effects” appealing qualities, Rudolph et al” eschew
them for good reason. Natural effects require strong identi-
fication assumptions®!"!2 and are difficult to interpret:'? in
this situation, the natural direct effect, for example, would be
a contrast between the probability of a given behavioral or
substance use outcome had every boy’s family not received
a voucher, and the probability of the outcome had all fami-
lies received vouchers although each boy was exposed to the
school, neighborhood, and social environments he would have
lived in had his family not received a voucher. Since we do not
know what environment that would be for individual boys, this
does not directly correspond to a real-life intervention, mak-
ing it more appropriate for etiologic or mechanistic explora-
tion than for determining actionable policies.

One alternative is the controlled direct effect, which
has been recognized as a more actionable estimand for pub-
lic health questions.®!>!* This estimand quantifies the treat-
ment effect when the mediator(s) is set to some known value
under both treatment conditions. The implied contrast for the
MTO scenario would again be between assigning families to
receive a voucher or not, but under both circumstances, boys
would be exposed to the same values of the mediators—for
example, living in neighborhoods with equally low poverty.
Although such an intervention may be helpful for advancing
theory about the treatment (does the voucher have downstream
effects net of some set of hypothesized targets for interven-
tion?), it may be unrealistic or unactionable as policy vis-a-vis
the mediator. In addition, controlled direct effects have limited
utility if the goal is to quantify the mediated portion of the
total effect, as there are generally no corresponding indirect
effects,!>1¢ although the contrast between the direct and total
effects can be conceptualized as the portion of the harmful
effect eliminated by a policy intervention.!”

Although natural effects can be used to ask and answer
theoretical questions about mechanisms, and controlled direct
effects about a possibly radical intervention on the mediator,
the stochastic effects Rudolph et al’ estimate fall somewhere
in between. Instead of assigning each boy to the environ-
ment he would have experienced in the absence of a housing
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voucher or all boys to the same environment, these estimands
instead apply distributional interventions on the mediator.'-!?
This better maps to an intervention we can imagine, and even
possibly test,?’ one in which the population of boys is exposed
to the distribution of environmental characteristics they would
have been exposed to in the absence of the voucher. Unlike
natural effects, stochastic effects also allow for identification
under mediator—outcome confounding affected by the expo-
sure. This was one motivation for Rudolph and colleagues’:
because using the voucher could affect all mediators and
outcomes when voucher receipt is the intervention, voucher
uptake acts as such a confounder (as would any mediating fac-
tor that caused another mediator).

UNPACKING TREATMENT HETEROGENEITY IN
POLICY INTERVENTIONS

Although stochastic estimands correspond with possi-
bly implementable policies, Rudolph et al’s” conclusion from
their analysis is a mechanistic one: most of the harmful effects
of voucher assignment on boys’ behavioral and substance use
outcomes operated through the environmental characteristics
they investigated. Adhering to this journal’s recommendations
on policy implications,?' the authors refrain from commenting
on how their findings could be applied in future housing inter-
ventions. Such restraint is appropriate, as even with advanced
statistical methods and rich data, their analysis can only tell
us part of what we would wish to know to implement policy
changes.

What is it that we would like to know to influence pol-
icy? Freeing ourselves from the restriction of existing esti-
mands, let us reconsider the goals of mediation we introduced
earlier. What questions would we ideally answer, and how do
they relate to the question addressed in the analysis?

In a mechanistic sense, the question of interest may be:
Why do boys have worse outcomes if their families are assigned
vouchers compared with if they are not, but girls have better
outcomes? On the other hand, policy considerations lead us to
ask: What can we do for boys whose families receive vouchers
to ensure that their behavioral and substance use outcomes
at least do not worsen and at best improve, while maintaining
improvements in girls’ outcomes? Or perhaps: Can we identify
mediators with beneficial effects on behavior and substance
use for all children and design a housing intervention to affect
only those? Or target the children for whom the mediators
have only positive effects?

Contrast these with the question implied by the analy-
sis: If we could assign boys’ families vouchers but intervene
to keep the distribution of their school, social, and neigh-
borhood environments the same as if we had not assigned
them vouchers, would they still have worse behavioral and
substance use outcomes than if we had not assigned them
vouchers and maintained the same environments? Although
motivated by the fact that gender was a qualitative effect
modifier for the effect of voucher receipt on the outcomes,
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the heterogeneity of the effect is addressed only by restricting
the question to boys.

Learning what mediates a harmful effect among a subset
of the population does not, alone, determine what went wrong
for that subpopulation when the intervention worked for
other groups or tell us how to implement a policy to reverse
those harms although maintaining benefits for everyone
else. Rudolph and colleagues’ analysis shows that, although
voucher receipt had generally positive effects on objective
measures of boys’ school and social environments, the shift
in those mediators generally negatively affected the outcomes
and accounted for much of the intervention’s negative impact
on boys. However, because we do not know anything about
the role of gender in this mediation process, the implications
are limited. Gender could be a qualitative effect modifier of
the exposure—mediator effect (girls see effects on their school
and social environments in the opposite direction), a qualita-
tive effect modifier of the mediator—outcome effect (girls’ out-
comes are improved instead of harmed with improvements in
their environments), or it is possible that the effect for girls is
not mediated through the same process as for boys. These pos-
sibilities could have different implications for understanding
what drives boys’ and girls’ well-being when changing neigh-
borhoods, for developing supplemental interventions within
school and social environments to complement future housing
interventions, or for making decisions about which families to
target with vouchers.

This example of “moderated mediation” exemplifies
the challenges that come with translating an observation
about the distribution of health and disease into a causal and
statistical estimand and then into actionable policy. Housing
interventions aimed at moving individuals into new neighbor-
hoods present special challenges. For example, another possi-
ble pathway that may be harming boys relative to girls is that
two-thirds of the experimental voucher group moved back to
(on average) lower-income neighborhoods.?> These movers,
in other words, experienced heightened residential instability
as a result of voucher receipt but did not retain their initial
reductions in neighborhood poverty. These movers may have
chosen to move because their initial moves were more dam-
aging in terms of increased social alienation compared with
those who moved once and stayed put. Which causal process
is driving the harmful treatment effects among boys relative
to girls, and which of those processes would be most efficient
to intervene upon to correct the intervention’s harmful effects
on boys, is a difficult question, with a mountain of assump-
tions required to get any leverage. Importantly, because boys
have siblings, any intervention at the family level also has to
consider its effects on girls. Ideally, we want to prioritize how
to most efficiently alter or supplement the original interven-
tion such that older boys also experience benefits, without
losing the benefits that other children accrue; but figuring out
how to do so in a single, causally identified model may be
unrealistically ambitious.

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

This is not to say that we should not even attempt to
answer these questions. Analyses like Rudolph and colleagues’’
can guide future work that delves deeper into the strongest
mediators, their different effects among boys relative to girls,
and the best place for intervention. This can move us toward
hypotheses about what drove treatment heterogeneity and
which policies may need to be fixed (or abandoned). Emerging
work on stochastic mediation estimands?>?* allows for answer-
ing questions that may be more targeted toward policy interven-
tions with heterogeneous treatment effects, now that we know,
mechanistically, that a given set of mediators are important.

Critically, any attempt to use statistical models to
develop targets for supplementary interventions or policies
to implement them requires not only careful thought but the
right quantitative data to perform the relevant analysis (and
often a lot of it). When we do not have that, or when we need
to refine the hypotheses generated by analyses like Rudolph
et al’s”, qualitative work can step in to further assess potential
mediators and inform improvements in intervention design.
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