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Abstract

In recent years a wide array of proposals for bringing intersectional perspectives into quantitative
studies of health disparities have appeared, from studies of interaction, predictive discrimination,
to mediation. Bauer and Scheim, in a companion set of articles, extend these proposals by
developing new attribution-blind measures of perceived discrimination and using Vander\Weele’s
3-way decomposition to quantify its contribution to disparities through differential exposure and
differential effects (sometimes called differential vulnerability or susceptibility). In this
commentary, after providing an overview of causal inference interpretations with social
characteristics, we provide a broad overview of old and new decomposition methods in the social
sciences literature and contrast their strengths and weaknesses for studying intersectional
inequalities. We then examine how different forms of differential effects can be expressed within
these decompositions and discuss their utility for the purpose of informing interventions for
reducing disparities. Last, we discuss the tension in social sciences research when prominent
explanatory variables represent constructs that are only defined or exist for certain marginalized
populations and may not neatly fit within the decomposition methods framework. Through these
discussions, we aim to provide greater conceptual clarity for applied researchers who are
interested in using decomposition methods and other approaches to advance intersectional equity.

Introduction

Following calls to incorporate intersectionality into quantitative analysis (Bauer, 2014;
Bowleg, 2012), a wide array of methodological proposals have appeared (Bowleg and Bauer,
2016; Bright et al., 2016; Evans et al., 2017; Gustafsson et al., 2016; Jackson, 2017; Jackson
etal., 2016; Wemrell et al., 2017; Yette and Ahern, 2018) In this Issue, Bauer and Scheim
present companion papers that call for an application of causal mediation analysis,
VanderWeele’s 3-way decomposition (Vanderweele, 2013) to study the mediating and
interactive role of perceived discrimination in producing differences in psychological
distress across groups defined by multiple social characteristics, race and transgender
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identity. While a formal framework for using causal mediation analysis and other
decompositions to unpack intersectional disparities has already been outlined (Jackson,
2017), Bauer and Scheim add to this literature by developing new measures of perceived
discrimination (Scheim and Bauer, 2019) and using the 3-way decomposition to study its
contribution to intersectional disparities (Bauer and Scheim, 2019) through differential
exposure and differential effects (sometimes in other literature referred to as differential
vulnerability or susceptibility (Diderichsen et al., 2018)). In this commentary, we aim to: 1)
review more nuanced causal interpretations with social characteristics; 2) review the shared
features, strengths, and weaknesses of various forms of causal decomposition analysis for
health disparities research; 3) examine how best to operationalize and distinguish differential
effects from differential exposure under the goal of reducing disparities; 4) highlight critical
identifiability issues when explanatory variables (mediators) such as perceived
discrimination represent different constructs across social groups and suggest some ways
forward.

Causal Inference with Social Characteristics, Identities, and Positions

Historically, the application of causal inference methods for studying the effects of socially
defined (and possibly non-manipulable) characteristics has been met with hesitancy by some
(Holland, 1986; VanderWeele and Hernan, 2012) and embraced by others (Glymour and
Glymour, 2014; Glymour and Spiegelman, 2017; Pearl, 2018). The potential outcomes
framework underlying causal mediation analysis itself relies on a “consistency” condition
wherein one’s observed outcome under some exposure must be the same as if it had been
externally assigned. Those who are hesitant to use this framework work primarily from an
interventionist model and are concerned that the many ways to change a social
characteristic, if they exist at all, may each lead to a different outcome, so that the
counterfactuals posed are too vague for use. Those who are more comfortable see causality
as a chain of responses to determinant variables, but the precise quantitative interpretation is
then often somewhat less clear (Vandenbroucke et al., 2016; VanderWeele, 2016).

This debate has yielded some important clarifications. When causal inference methods are
applied to observational data to study disparities the goal is usually not to estimate the effect
of a social characteristic so that we might intervene on it. If the outcome is some form of
decision-making, as in medical treatment, then a causal effect of the perceived
characteristic(s) can sometimes be interpreted as a measure of discrimination, and that
measurement has scientific value for informing policy (Kaufman, 2008). Such effects can be
identified by well-defined field experiments where the decision-maker’s perception is under
control of the investigator, as are the person’s social characteristics and other variables (e.g.,
symptoms) so that there is no confounding (Greiner and Rubin, 2011). Though not without
challenges, one could design experiments that directly measure discrimination across
intersections of social characteristics (Goff and Kahn, 2014), perhaps with discrimination
defined jointly across characteristics, and quantify the contribution of each (Jackson et al.,
2016).

This experimental mapping does not, however, clearly translate when outcomes are health-
related, which are determined by a complex myriad of factors, many of which are unknown
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(Kaufman, 2008). Contrasts across social characteristics are meant to identify disparities
(inequities) that are taken to be unfair, unjust, and avoidable, regardless of whether they arise
through personally-mediated discrimination or structural forms of marginalization
(Braveman, 2006). These are not necessarily taken to be causal effects of the social
characteristic(s), but still do have counterfactual meaning and policy value in setting
priorities for population health (Duan et al., 2008; Jackson, 2017). Descriptions of health
outcomes across intersected social characteristics follow in this spirit (Jackson, 2017).

A Broader View of Decomposition Analysis for Intersectional Disparities

Research

In identifying disparate treatment or outcomes, the next step is to understand how they arise
S0 as to identify leverage points for intervention and policy (Cooper et al., 2002). Naturally,
the various causal interpretations for social characteristics has produced different causal
estimands, analytic strategies, and interpretations. The economics literature, concerned with
decision-related outcomes, gave rise to the Oaxaca-Blinder Decomposition (Blinder, 1973;
Oaxaca, 1973). Epidemiology, concerned with health-related outcomes, gave rise to causal
mediation analysis, using natural direct and indirect effects (Pearl, 2012; Robins and
Greenland, 1992), and randomized interventional analogues (Didelez et al., 2006; Geneletti,
2007; VanderWeele et al., 2014; VanderWeele and Robinson, 2014) henceforth referred to as
interventional effects. Each of these methods represent an advance over traditional mediation
analysis methods (Baron and Kenny, 1986) as they explicitly allow for interaction between
the social characteristic(s) and the mediator.

The Oaxaca-Blinder Decomposition was originally proposed to measure personally-
mediated discrimination—effects of perceived characteristics—by including as explanatory
variables all those factors that decision-makers use to determine outcomes. In its original
use, the Oaxaca-Blinder Decomposition decomposes a marginal disparity with respect to all
covariates, where the “unexplained portion” can be interpreted as a measure of
discrimination. However, when it is applied to study health outcomes, the causal
interpretation has been less clear because the causal process is more complex, and
implementations typically ignore potential confounding of explanatory variables, among
other issues (Jackson and VanderWeele, 2018).

Causal mediation analysis was developed to parse the effects of exposures into direct and
indirect effects with explicit control of confounders of exposure and explanatory variables
(mediators). Although mediation analysis might be interpreted as a decomposition of a
social characteristic’s effect, the indirect effect estimate can also be interpreted as a disparity
reduction, and the direct effect as a disparity residual, that would result from removing
disparities in the explanatory mediating variable (VanderWeele and Robinson, 2014). This
alternative framing leads to much weaker identifying conditions, namely no unmeasured
confounding of the explanatory mediating variable, along with positivity and consistency. In
this framework there is no need for confounding assumptions for the social characteristic
because no causal effects are specified for it. Rather the causal effects are specified for the
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explanatory mediating variable and how the underlying disparity would change under
interventions on that mediating variable.

With explanations of intersected characteristics, some of which may be time-varying and
thus defined or measured later in life, such as the onset of a mental disorder or
socioeconomic status in adulthood, this has very important implications for choosing
confounders for adjustment. If a causal interpretation is given to the social characteristics,
then their confounders, in addition to those of the explanatory mediating variable, must be
adjusted for. When even measured confounders of one characteristic are affected by another
characteristic, the methods proposed by Bauer & Scheim, including the suggested
interventional effects currently developed in the literature, will not suffice. When there is
treatment-confounder feedback of this type, conditioning on the confounders of the
temporally latter characteristic (e.g., mental illness) can lead to a selection-bias, resulting in
spurious associations between the earlier characteristic (e.g. race) and the outcome. Such a
scenario is plausible, as there are racial differences in risk factors for mental illness. Also,
when there are unmeasured confounders of the latter characteristic, some of the components
needed to measure a statistical interaction will suffer from selection-bias. Figure 1 provides
a graphical portrayal of these issues.

Even when causal interpretations are avoided for the social characteristics themselves and
are only made with respect to the explanatory mediating variable, there is still a strong
conceptual limitation with causal mediation analysis based on natural direct and indirect
effects. It does not decompose a marginal disparity but rather a conditional one, and this may
not be of substantive interest (Jackson and VanderWeele, 2018). If there are differences in
confounding variables (e.g. childhood circumstances) across the social characteristic
examined, then a conditional disparity only examines disparities in groups defined by the
social characteristic among those with the same values of the confounders. Again, this may
not be what is of interest.

In previous work, we showed that one can define interventional effects that control for
confounders of explanatory variables, even those induced by a social characteristic, while
explaining a marginal disparity of substantive interest (Jackson and Vander\Weele, 2018).
Whether the disparity itself, or the type of disparity removal, are conditional on any, some,
or all covariates is a decision under the control of the investigator, not dictated by the
method (Jackson, 2018). These interventional effects can be defined in ways that make them
identical to Oaxaca-Blinder decompositions in some cases, identical to causal mediation
analyses based on natural direct and indirect effects in others, or sometimes completely new
decompositions (Jackson and VanderWeele, 2018). Accessible tutorials for estimating such
interventional effects are still needed. However, some existing proposals for practical
implementation can be adapted (VanderWeele et al., 2014; VanderWeele and Tchetgen
Tchetgen, 2016; Zheng and Van Der Laan, 2017) provided they are substantively relevant.

These interventional effects offer a rich scaffolding to study intersectional disparities
(Jackson, 2017). For example, suppose that, on the additive scale, we observe higher
psychological distress for sexual/gender minority blacks as compared to sexual/gender
majority whites, and this is larger than the sum of disparities for sexual/gender majority
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blacks and sexual/gender minority whites vs. sexual/gender majority whites. We have some
evidence that the forms of marginalization for blacks and sexual/gender minorities combine
in unique ways to impact psychological distress for those experiencing their intersection.
Suppose that we carry out a decomposition analysis for each group vs. sexual/gender
majority whites, where disparities in the explanatory mediating variable (e.g. educational
opportunities) in each case are removed and find that the residual joint disparity is no longer
greater than expected. We would have evidence that this variable plays a substantial role in
explaining why multiple forms of marginalization uniquely pattern psychological distress for
black sexual/gender minorities. Such intersectional mediation analyses can be insightful
even when the initial joint disparity is not greater than expected (Jackson, 2017).
Furthermore, if one’s interest lies in understanding disparities between multiply
marginalized groups, such as sexual/gender minority blacks, and other groups, such as
sexual/gender majority blacks, one may of course pursue this line of inquiry.

A Closer Look at the Differential Exposure vs. Differential Effects Paradigm

It is well recognized that explanatory mediating variables contribute to disparities when they
are either unequally distributed across social characteristic categories (differential exposure)
or when they have heterogeneous effects across social characteristic categories (differential
effects) (Ward et al., 2018). While the nomenclature and conceptual mapping of differential
effects varies across the literature, it could reflect differences in susceptibility or capacity of
response by resources, coping, and adaptability, all of which can operate at individual and
community levels (Diderichsen et al., 2018). In economics, differential effects have been
conceptualized as reflecting disparate benefits in obtaining skills, qualifications, and other
factors that affect, for example, employment and wages (Fortin et al., 2011). Thus, across
fields, differential effects have been framed as unequal or differential vulnerability,
susceptibility, or returns depending on the application (Diderichsen et al., 2018; Fortin et al.,
2011). Along with Bauer & Scheim, there have been applied studies that leverage finer
decompositions of disparities that pick out the contribution of differential effects to
disparities (Hussein et al., 2018; Nordahl et al., 2014). These sorts of studies may be useful
for enriching theory. Here, we will use the interventional effects framework to consider the
utility of estimates of differential effects informing interventions to reduce disparities.

Before doing so, we take a moment to clarify how the construct of differential effects is
expressed in the decomposition methods we reviewed so far, the Oaxaca-Blinder
Decomposition and the various forms of causal mediation analysis. In the Oaxaca-Blinder
Decomposition, the “unexplained portion” sums up the following components: 1) the
disparity when all explanatory variables are observed to be at their referent values; 2) the
difference in category-specific associations between each explanatory variable multiplied by
its mean value among the referent social category. With causal mediation analysis under an
interventional effects perspective, it follows from prior work that (Vanderweele, 2014) a
disparity can be decomposed into: 1) a residual disparity under elimination of the
explanatory variable from the population (or ubiquitously held to its baseline value),
[analogue of the controlled direct effect (CDE)]; 2) the product between additive effect
heterogeneity of the explanatory variable across social categories and its mean among the
referent social category [analogue of the referent interaction (INT,.f)]; 3) the product
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between additive effect heterogeneity of the explanatory variable across social categories
and the disparity in the explanatory variable [analogue of the mediated interaction
(INTmeq)]; 4) the change in the expected outcome among those in the referent (or privileged)
social category if they had the explanatory variable distribution of those in the marginalized
social category [analogue of the pure indirect effect (PIE)], each conditional on covariates
not affected by the social categorization. Under two-way causal mediation analysis, the
disparity reduction captures the sum of PIE and INTy,¢q, and the disparity residual captures
the sum of CDE and INT . In spirit at least (Jackson and VanderWeele, 2018), the
“unexplained portion” of the Oaxaca-Blinder Decomposition aligns with the “disparity
residual” of the mediation analysis in that they both capture disparities when the explanatory
variables are observed or set to zero or the baseline value (an analogue of the CDE) along
with measures of additive association/effect heterogeneity multiplied by the explanatory
variables” mean among the referent category (analogus to the INT¢f). Because Bauer and
Scheim’s proposal to use the 3-way decomposition, which decomposes the disparity into
PDE, PIE, and INT g, their construct of differential effects is not related to published work
(Hussein et al., 2018) using the Oaxaca-Blinder Decomposition. Those papers focus on a
quantity like INT ¢ Which exists in the even in the absence of mediation, whereas Bauer and
Scheim focus on INT g Which only operates in the presence of mediation. Though Bauer
and Scheim are not alone in choosing INT g (Nordahl et al., 2014), it is important to be
precise about the construct under study, INTf VS. INTeq, to aid comparison across studies
and understand the implications of those results for reducing disparities, which we now turn
to.

Researchers have rightly argued that a focus on differential exposure is an incomplete
assessment of how an explanatory variable contributes to a disparity (Diderichsen et al.,
2018; Ward et al., 2018). However, using INT ¢4 to measure the contribution of differential
effects to disparities does not overcome this limitation. The reason for this is that part of
differential effects’ contribution to disparities occurs #hrough differential exposure, and that
part is represented by INTy,q. It Only captures how disparities in the explanatory variable
exacerbate differences that arise through heterogeneous effects. A somewhat more technical
explanation is that, for two-way decompositions, we ask how expected outcomes among the
marginalized group would change and how the disparity itself would change if, contrary to
fact, the distribution of the explanatory mediating variable for the marginalized group
followed that of the privileged group. If we eliminate disparities in the explanatory variable,
then we have as a side-effect eliminated the portion of differential effects that travels with it,
INTmeg- Put succinctly, it may be tempting to interpret estimates of INTeq @s how much a
disparity would change if we addressed differential effects, but this is the wrong
interpretation. INT ,,eq Only reflects how much we would eliminate effects of differential
effects by first addressing differential exposure. On this basis, then, it is the entire disparity
reduction estimate and not INT g that is the preferred quantity for guiding intervention
development.

Is there room for using the concept of differential effects and causal decomposition analyses
to inform interventions? Certainly. It is important to understand why effects of explanatory
variables differ for privileged and marginalized groups, as this may lead to a greater
understanding of factors and conditions that interact with them to cause the outcome and
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should be accounted for when planning an intervention (VanderWeele, 2015). To some
extent, the estimate of INT . that does not depend on mediation can be helpful in evaluating
additional gains if we could somehow eliminate differential effects. This suggests a different
3-way decomposition: CDE + INT s + TIE or their interventional analogues. From causal
theory in the potential outcomes framework (VanderWeele and Robins, 2007) we know that
observing effect heterogeneity across levels of social characteristics could be due to many
factors. It can be shown that such effect heterogeneity might be due to outright
discrimination or due to the association between the social characteristic and another
unmeasured factor that interacts with the explanatory variable to produce outcomes. This
unmeasured variable’s association with the social characteristic may be causal or the result
of confounding or selection-bias. Either way, eliminating such effect heterogeneity would
involve more empirical work to understand what that unmeasured factor is and to devise
strategies to remove its association with the social characteristic or mitigate its impact on the
outcome. A cautious and substantively rich interpretation of INT s could provide the
motivation to undertake this difficult but important work.

Evaluating differential pathways and constructs as explanations

Bauer and Scheim’s proposal to use perceived discrimination as an explanatory variable is
important and provocative. Perceived discrimination is a salient example of how social
exposures may “get under the skin” and affect health outcomes through psychosocial stress,
allostatic load, perhaps also affecting health-related behaviors (Williams and Mohammed,
2013). However, working it into the analytic machinery of a decomposition analysis calls to
attention some important limitations of that framework. These limitations are related to
central tenets of intersectionality and must be reflected within quantitative investigations.

Intersectionality posits that marginalization may play out uniquely for those located at
different intersections of social characteristics, identities, or positions (Crenshaw, 1991; Hill
Collins, 2015). This could manifest as heterogeneous causal architectures for those at
different intersections, where some causal pathways through certain explanatory variables
are “switched on” for those at certain positions and “switched off” for others. This
phenomenon, termed “switch intersectionality” (Bright et al., 2016), may depend on context,
and is conceptually related to the construct of differential effects. Perceived discrimination
may lead to psychological distress for some categories of intersected social characteristics,
but perhaps not others. This differential effect could result in disparities in psychological
distress in the absence of disparities in perceived discrimination (reflected in INTf), and its
contribution to disparities in psychological distress could be exacerbated by the presence of
disparities in perceived discrimination (reflected in INTneq). It represents an extreme form
of differential effects because for some categories the effect of the explanatory mediating
variable is non-null, whereas for others it is absent. Detecting and accounting for such
heterogeneity of effects across intersections of social characteristic categories is entirely
possible within decomposition analysis, but only when the construct has shared meaning.

Under another form of switch intersectionality where explanatory variables are only defined
or manifested among certain intersected social characteristic categories, the conceptual
meaning underlying a decomposition analysis disintegrates. Possibly because of this, Bauer
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and Scheim, in building their measures of discrimination, sought out questions that could
plausibly be answered by persons at any intersection. By leaving out attributions specific to
certain social categories, this will necessarily underestimate the explanatory role of
perceived discrimination, but the constraint of shared constructs is required for meaningfully
interpreting the results of a decomposition analysis. Bauer and Scheim do call for further
validation of their measure, and it will be essential to demonstrate that even their attribution-
blind measure of perceived discrimination is indeed shared across social categories.
Decomposition analyses based on interventional effects ask us to envision what the residual
disparity in psychological distress would be had say, black sexual/gender minorities, had the
same distribution of perceived discrimination as say, white sexual/gender majorities.
Experiencing the same levels of perceived discrimination on account of racial and sexual/
gender identity micro- (or macro-) aggressions will likely have very different effects than
perceived discrimination through anxiety over a loss of racial and/or sexual/gender identity
privilege or suspicions of “reverse discrimination.” While the decompositions we have
considered here do allow for heterogeneous effects by accounting for statistical interactions
between social categories and perceived discrimination in estimation procedures, it is not
clear what the resulting quantities mean. Are we estimating outcomes for black sexual/
gender minorities under the type of racial and sexual/gender identity anxiety that white
sexual/gender majorities experience? Could we even do so? Perhaps for this reason so few
have attempted mediation analyses with measures of perceived discrimination, even along
the axis of a single social characteristic.

These issues of differential construct go beyond psychosocial measures. For example, with
transgender persons undergoing hormone therapy, the quality of hormone therapy
management will have a profound effect on health outcomes (Streed et al., 2017) and yet it
is a construct that is only defined for this population. Similar issues with quality of care play
out for persons with serious mental illness (Henderson, 2002). For cases of switch
intersectionality via construct, one could restrict a decomposition analysis to subgroups
where the construct is defined and shared, but this will not explain the entire joint disparity
across social categories (Jackson et al., 2016). Another solution, one that would allow focus
on the entire joint disparity, would be to use g-formula methods (Hernan and Robins, 2015)
to estimate a form of population attributable effect: how would disparities in psychological
distress change if we decreased the level of perceived discrimination among black sexual/
gender minorities by a certain level. Certainly, one could envision reductions in perceived
discrimination for one or more social categories, and even allow for different measures to be
used across groups. The interpretations would be much more nuanced and careful than
would be possible within the usual decomposition analysis framework.

Conclusion

In summary, decomposition methods are a powerful analytic tool to understand how
intersectional differences arise. The papers by Bauer and Scheim represent a bold and
needed step to refine measures of perceived discrimination and other psychosocial stressors
for comparative use across social categories and quantifying their contribution to disparities.
As with most applications of causal methods, they represent but one expression of a larger
set of possibilities. Clearly defining the causal question of substantive interest is essential for
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choosing among them. Whether or not investigators focus on a joint effect of social statuses
or an intersectional disparity, which itself may be marginal or conditional, has implications
for which confounders to adjust for and how they are handled in the analysis (Jackson and
VanderWeele, 2018). Likewise, close attention to the form of differential effects, that which
would disappear upon equalizing the explanatory variable (INTeq) Vs. that which persists
afterwards (INT ), has analytic implications as well, leading to alternative 3-way
decompositions. Furthermore, great care must be taken to consider whether the explanatory
variable’s construct has shared meaning across the compared categories. Attending to these
considerations can help produce estimates that are more interpretable and actionable for
addressing intersectional disparities.
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Figurel.
Causal diagram depicting causal relationships between social characteristics A and Band an

outcome Y mediated by some construct M, where measured common causes (confounders)
of these variables are denoted by Cand unmeasured common causes are denoted by U. Note
that, more generally, C can still be considered a confounder (by proxy) when it does not
cause each of the other variables A, B, Mand Ybut is merely associated through another
perhaps unmeasured variable that does. In panel A (top), the social characteristics are time-
fixed or defined early in life, with Crepresenting factors in early life. Here, mediation
analysis methods based on natural direct and indirect effects condition on Cto control for
confounding of the A— M, A- Y, B— M, B- Y, and M- Y'relationships. However, with
interventional effects, confounding of the M- Y'relationship is achieved by a form of
standardization, and whether or not Cis conditioned on is optional (Jackson and
VanderWeele, 2018). In panel B (bottom), the social characteristics are not necessarily fixed
in early life and may be defined in adulthood, and this is represented by indexing all
variables according to a time-specific measurement denoted by z Here, mediation analysis
methods based on natural direct and indirect effects condition the estimands (direct and
indirect effects of Aand B) on Cx, and Cyto adjust for all of the A;— My Ai— Yu1, Bi—
My, Bi— Yu1, and My— Yy relationships. However, Cyis a descendant of A and Uand
when it is conditioned on, a selection bias arises (Hernan et al., 2004) between Asand Yx1
via the path A;— C;— U< Ygq. With interventional effects, control of Cr, and Cycan
be accomplished by a form of standardization without conditioning the estimand (i.e., a joint
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disparity (Jackson et al., 2016)) on Cx1 or Cy, so that there is no selection-bias. Though
formulae for non-parametric decompositions of this type have not been derived, it would be
straightforward to do so following proposals from earlier work (Jackson, 2017; Jackson and
VanderWeele, 2018). Finally, a subtle issue even with interventional effects may occur when
one social identity affects another: the excess intersectional disparity (a statistical
interaction) can suffer from selection-bias when U affects or is associated with B
Estimating the excess intersectional disparity requires estimating disparities in Ay
conditional on B;. This conditioning induces a selection-bias between A;and Y44 through
the path A — By« U— Ypu1.
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