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Abstract

Quantitative studies of racial health disparities often use static measures of self-reported race and
conventional regression estimators, which critics argue is inconsistent with social constructivist
theories of race, racialization, and racism. We demonstrate an alternative counterfactual approach
to explain how multiple racialized systems dynamically shape health over time, examining racial
inequities in cardio-metabolic risk in the National Longitudinal Study of Adolescent to Adult
Health. This framework accounts for the dynamics of time-varying confounding and mediation
that is required in operationalizing a “race” variable as part of a social process (racism) rather
than a separable, individual characteristic. We decompose the observed disparity into three types
of effects: a controlled direct effect (“unobserved racism”), proportions attributable to interaction
(“racial discrimination™), and pure indirect effects (“emergent discrimination”). We discuss the
limitations of counterfactual approaches while highlighting how they can be combined with
critical theories to quantify how interlocking systems produce racial health inequities.
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As early as Du Bois (1899), critical race scholars have linked racialized health disparities
to the unequal social and economic conditions produced by racism. Over the past century,
social scientific research has generally adopted and expanded a social constructionist view
of race and racism. A large body of work describes the connections between systems of
racial oppression, the construction of racial categories, and how exposure to racist systems
becomes “embodied” to produce racialized health inequities (Bailey et al. 2017; Du Bois
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1899; Geronimus et al. 2006; Goosby, Cheadle, and Mitchell 2018; Green and Darity 2010;
Krieger 2018; Phelan and Link 2015; Reskin 2012; Sewell 2016).

Still, despite a strong theoretical foundation for a relational, social constructionist view of
race and racism, quantitative analyses of racial health disparities generally fall short of
translating theories of racism to empirical models beyond descriptive analyses (Muntaner
2013; Reskin 2012). Scholars have critiqued how “race” is interpreted in counterfactual
frameworks, especially regression models (Kohler-Hausmann 2019; Reskin 2012; Sen and
Wasow 2016; Williams 2019; Zuberi and Bonilla-Silva 2008). Particularly troubling is
that, when applied to longitudinal data, conventional regression assumes an absence of
time-varying relationships among variables. This assumption risks reifying race as a static
individual trait that can separated from other systems of social stratification such as social
class position, rather than as mutually co-constituted with these other systems of inequality
over time (Kohler-Hausmann 2019; Zuberi and Bonilla-Silva 2008). Critiques also stem
from the limited set of counterfactuals offered by conventional regression models, where a
race variable is often included in a model and additional variables are added to “explain
away” racial variation in the outcome. Given the interpretation of the race variable as
attempting to capture a relational process, however, this approach warrants critique. Is a
static comparison of racial groups in which all other correlated exposures are held equal the
most useful counterfactual we can estimate in quantitative studies? We argue that it is not.

What, then, are appropriate counterfactuals to quantify how a system of racism works to
shape population health? And importantly, are these counterfactuals estimated by traditional
regression models? We argue that conventional analyses to understand mechanisms that
produce racialized variation in health require several strong, often untenable assumptions.
By contrast, recent advancements in causal mediation analysis have provided new methods
for modeling how dynamic social processes produce population health patterns over time
(Bauer and Scheim 2019; Esposito 2019; Wang and Arah 2015). These approaches address
several shortcomings of traditional quantitative approaches to studying racial disparities
that can be of great utility to sociological research on racial health inequities by better
accommodating dynamic and relational theories of racism and race.

In this study, we combine a novel technique for modelling the relative importance of
multiple dependent mediators with a robust theory of the relational system of structural
racism to examine life course processes contributing to racial health disparities. Given

that the racial stratification of socioeconomic resources, risks, and opportunities is a key
pathway linking racism to population health (Boen 2016; Phelan and Link 2015), we pay
particular attention to the mediating, cumulative roles of socioeconomic exposures in the
production of racial health disparities. Socioeconomic processes are not the only factors
contributing to racialized health disparities but are an important and frequently studied
component in mediation analyses. That socioeconomic exposures evolve across the life
course is an important feature for demonstrating the utility of our approach for handling the
complex interplay of time-varying mediators and confounders. Using longitudinal data from
the National Longitudinal Study of Adolescent to Adult Health (Add Health), we decompose
the total Black-white disparity in cardio-metabolic risk to three types of cumulative life
course effects that each have intuitive interpretations (Jackson and VanderWeele 2019;
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Wang and Arah 2015): 1) the controlled direct effect (CDE) of racism (i.e. unobserved
pathways through which racism becomes embodied that do not operate through the observed
mediators, which we call unobserved racism); 2) the portion attributable (PAI) to interaction
for each observed socioeconomic mediator (i.e. how the effects of a socioeconomic exposure
on health varies by racialized category, which we label racial discrimination); and 3) the
pure indirect effect (PIE) for each observed mediator that we call emergent discrimination
(Reskin 2012).

By combining a critical race theoretical approach with modern causal inference methods,
our study highlights the limitations of conventional regression models for identifying the life
course pathways of structural racism governing the production of racial health inequities.
Importantly, we offer an alternative mediation framework for examining the social roots of
racial health inequities that is more consistent with a social constructivist understanding of
racism and race than conventional regression.

Scope of Study

There are several productive points of entry for pushing quantitative research on

health disparities closer to historical, contextual, relational theories of race, racism, and
racialization (Bailey et al. 2017; Bailey, Feldman, and Bassett 2020; Diez Roux 2011; Ford
and Airhihenbuwa 2010; Frerichs et al. 2016; Itzigsohn and Brown 2020; Krieger 2018;
Laster Pirtle 2020; Sewell 2016; Williams 2019; Williams, Priest, and Anderson 2016).
Here, we constrain our critique to problematize a specific inferential statement that arises in
most contemporary regression-based analyses of racialized health disparities:

“X% of the racial disparity in outcome Y is explained by M (‘non-race’

variable).”

We identify two specific problems with this notion: 1) issues of post-treatment bias —
implied by a social-constructivist understanding of “race” as proxying time-varying systems
of racism and racialization (Esposito 2019; Jackson and VanderWeele 2018; Naimi et

al. 2016; Sen and Wasow 2016) — that plague the identification of “X%”; and 2) the
conceptual separability of a “race” variable from all other variables that are nominally “not
race” that is implied by common estimands (Kohler-Hausmann 2019; Sen and Wasow 2016;
Zuberi and Bonilla-Silva 2008).

Our goal is not to make a new theoretical contribution about the systems of racism
underlying health inequities; this exists elsewhere (e.g., Bailey et al. 2017; Bailey, Feldman,
and Bassett 2020; Laster Pirtle 2020; Reskin 2012; Sewell 2016; Goosby et al. 2018;
Krieger 2018). We also do not contend that there exists any singular quantitative design
necessary to establish the causal role of racism in generating racialized health; this should be
a starting point (Chowkwanyun and Reed 2020; Ford and Airhihenbuwa 2010; Williams and
Sternthal 2010). Instead, we contend that as quantitative researchers continue to make use

of regression models as the primary workhorse for examining racial health disparities from
survey data, they must be clearer about the (often implicit) construction of causal graphs,
target counterfactual contrasts, and general assumptions that underline the identification of
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effects under study (Esposito 2019; Holland 2008; Lundberg, Johnson, and Stewart 2021;
Sen and Wasow 2016).We explore one design for better translating social-constructivist
theories of race and racism to empirical estimands, which may be particularly useful when
using common individual-level, longitudinal survey data. We conclude with a discussion of
which specific problems of conventional regression models we address by using modern
counterfactual methods, while also highlighting how conceptual features of racism as a
fundamental cause of health are still reduced within such methods (Phelan and Link 2015;
Zuberi and Bonilla-Silva 2008).

BACKGROUND

The Social Construction of Race

In his essay “The Superior Race,” W.E.B. Du Bois (1940) imagines himself in a dialogue
with a fictional white character, Roger Van Dieman. Du Bois tries to explain that race is
a social, cultural, and historical fact — not a natural or inherent biological phenomenon.
Van Dieman presses Du Bois, asking him how he can tell who is Black if race cannot be
objectively measured or ascertained biologically. Du Bois closes the essay stating,

“I recognize it quite easily and with full legal sanction: The Black man is a person who
must ride the ‘Jim Crow’ in Georgia.”

Du Bois’s retort carries tremendous meaning by concisely pointing to the dynamic and
relational processes that serve to create, reify, and give meaning to race. A man is not

Black because of some measurable individual trait or phenotypic characteristic; a man is
Black because social, institutional, and legal structures freathim as Black. Since Du Bois,
sociological scholarship has played a prominent role in expanding this social constructivist
view of race, highlighting the essential roles of structures and institutions in shifting and
maintaining racial boundaries (Bonilla-Silva 1997; Roberts 2011; Sewell 2016; Zuberi 2001,
Zuberi, Patterson, and Stewart 2015).

Theoretically, recent studies of racial health inequities generally adopt a social-
constructionist understanding of racism, racialization, and race, with a large body of work
focused on the historical, social, and political roots of these disparities (Bailey et al. 2017;
Phelan and Link 2015; Williams 2012). Still, identifying the role of structural racism in
governing the distribution of various types of risk poses significant empirical challenges.
A common approach in quantitative studies of racial health disparities is to include a
time-invariant measure of race in regression models and subsequently control for correlated
variables, such as socioeconomic status, to isolate variation that is explained by racial
categories. This approach treats constructs like “race” and “socioeconomic position” as
separable, rather than co-constituted and historically contingent, constructs. Still, structural
racism has been described as “the totality of ways in which societies foster racial
discrimination through mutually reinforcing systems of housing, education, employment,
earnings, benefits, credit, media, health care, and criminal justice” (Bailey et al. 2017).
The logic of conceptual separability implicit in regression estimators therefore carries a
significant risk of reifying “race” as an independent construct, rather than part of the time-
varying reciprocal process of racialization and racism within and across socioeconomic,
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political, and cultural systems (Sewell 2016; Zuberi and Bonilla-Silva 2008; Zuberi et al.
2015).

Studies Focusing on “Direct Effects” of Race

The approach to separating “race” from social exposures that are “not race” is the basic
counterfactual logic used in audit and legal studies of racial discrimination. In cases
involving hiring discrimination, for example, the residual racial variation that remains after
considering other factors like educational attainment is interpreted as the effect of racial
discrimination (Kohler-Hausmann 2019). This same logic is deployed in audit studies,
which are appealing for the precision of their experimental manipulations. These studies
are often interpreted as premier causal evidence of racial discrimination, as if assigning a
stereotypically Black or white name to a hypothetical jobseeker, for example, while holding
everything else constant, is capturing something that is more truly representative of racism
than the complex, longitudinal systems that produce racialized distributions of everything
else that might appear on a resume (and indeed, who is able to apply for which jobs).

While such studies identify important dynamics of explicit forms of racism, they typically
offer no concurrent comparison of how much the total observed racial disparity in an
outcome like hiring is due to employer decision-making at the final step before employment.
We might also consider, for example, racial differences in exposure to penal systems that
shape the probability of an employer receiving differently racialized individuals’ resumes

in the first place. Indeed, by holding all else constant, audit studies implicitly suggest

that it is possible to separate “racial discrimination” from factors that are “not race,” like
socioeconomic position. But racial variation in any characteristic can only be the result

of historical and contemporary projects of racism and racialization (Bonilla-Silva 2009;
Roberts 2011; Williams et al. 2016).

Structural Racism and the Race Discrimination System

Variation arising from racial stratification in the mutually reinforcing systems of labor,
housing, and education is central to theories of structural racism (Bonilla-Silva 1997, 2009.
Reskin’s (2012) description of the “race discrimination system” is useful for understanding
the dynamic and relational processes producing racial health disparities. This framework
highlights the need for a systems approach to describing the process of racial stratification
as a broad causal system consisting of various subsystems (e.g., residential and school
segregation, housing and mortgage markets, health services). Reskin (2012) contends that
in the quantitative literature, scholars often attempt to isolate and manipulate a single
subsystem and estimate the direct effect, assuming that doing so would not change other
subsystems. In contrast, a systems approach to studying structural racism requires scholars
to simultaneously consider that: 1) racialized disparities exist across many exposures, 2)
disparities across exposures are mutually reinforcing, 3) the source of disparities is racial
discrimination, and 4) there exists discrimination in the effects of exposures. Reskin’s
(2012) use of the term “discrimination” can be confusing, given its inconsistent use across
academic fields and colloquial interpretation. To the extent that there is any racial difference
in an exposure-outcome association (i.e., an interactive effect that shows differential

effects by race), the sub-system governing that exposure-outcome relationship is racializing
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individuals and “discriminating” based on those racial categories. We will use this language
of “disparities in exposures” and “discrimination in exposure effects” throughout this paper.

This longitudinal framework, which considers the causal dependence of multiple sub-
systems of structural racism acting on racialized individuals over time, presents an array

of methodological issues for quantitative inference, including concerns about mediation and
confounding. Overcoming these issues is the primary purpose of this paper, as we believe
they are important to addressing foundational concerns raised by Zuberi & Bonilla-Silva
(2008), Kohler-Hausmann (2019), and others with regards to the implicit treatment of
variables as independently “race” or “not race” in conventional regression.

Traditional Approaches for Explaining Racial Disparities in Health

Link & Phelan (2015) describe racism as a fundamental cause of health disparities, a

broad theory that is central to study of structural racism. The fundamental cause model

is frequently invoked in quantitative studies of racial health disparities, typically paired
with a regression model that includes mediating pathways. The fundamental cause model
emphasizes the importance of meta-mechanisms, highlighting that the specific mechanisms
through which the fundamental cause is operating at a given time can be easily substituted.
Available data often inhibits directly studying the meta-mechanisms emphasized by the
fundamental cause model, which is itself a considerable problem (Krieger 2018). Still,
existing longitudinal cohort data can be usefully combined with cumulative life course
theory and frameworks examining mediating pathways (Boen 2016; Brown et al. 2016;
Kramer et al. 2017; Williams et al. 2016) to retrospectively study how a fundamental cause
like racism operates through a particular space and time to produce racial health disparities.

However, the empirical challenges of considering and accounting for confounding—which
have been described by Diez-Roux (2012), Reskin (2012), and Robinson and Bailey (2020)
—are important to address in the context of mediation analyses. The most basic mediation
model implied by Link & Phelan (2015) is illustrated with a directed-acyclic diagram
(DAG) in Figure 1, which attempts to explain how much of the racial disparity in health
(Y) is explained by some indicator of material deprivation or socioeconomic position (M).
For illustrative purposes, consider that M is household income. This is a causal mediation
question that relies on four key assumptions. As we will discuss below, each assumption

is predicated on a specific understanding of how the exposure, typically operationalized as
self-identified race, fits into the theoretical causal process of racism and racialization.

. Assumption 1. No unobserved confounding of Race — Y (C contains all relevant
confounding variables of race and health).

. Assumption 2. No unobserved confounding of Race — M (C contains all
relevant confounding variables of race and household income).

. Assumption 3. No unobserved confounding of M — Y (L contains all relevant
confounding variables of household income and health).
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. Assumption 4. No M — Y confounders (L) affected by Race (the dotted
arrow between Race and L does not exist; the “cross-world independence
assumption”).

This generalized DAG is frequently combined with the following mediation formula for how
much of the racial health disparity is “explained” by household income (M), potentially
including other “confounders” (L, C) in both models:

Y = fo+ Bi(Race) + By(L) + B5(C) + €

Y = ay+ a;(Race) + an(L) + a3(C) + as(M) + 6

(ﬁl - 051)

Proportion of racial disparity in Y explained by M = 5

Often referred to as Baron-Kenny (1986) mediation, this approach simply asks: conditional
on confounders, how much of the racial disparity in health outcome Y remains after
controlling for the mediator M (income). There are three important considerations to
discuss in this framework that are often neglected in quantitative attempts to explain racial
disparities.

First, in decomposing the total racial health disparity in health (Y), we do not consider
any “pre-exposure” variables C (e.g., parental income) to be confounders of Race and
health. Doing so implicitly treats Race as an individualized exposure that begins at birth,
rather that part of a relational, multigenerational system of racism. Mediation analysis
controlling for many “pre-exposure confounders” means decomposing a marginal racial
disparity conditional on other variables treated as “not race,” such as parental material
resources. While this construction of the causal model may be illuminating in explaining
an artificial, hypothetical disparity, it is of limited utility in explaining the total observed
disparity. Any racial disparity in health (Y) is the result of historical and contemporary
racism, and every observed “pre-exposure” variable that differs across racialized categories
is more appropriately considered a mediator (M) rather than a confounder.

Second, there are three distinct pathways through which household income (M) might play
a role in maintaining the association between self-identified race and health that are not
separately identified in the Baron-Kenny approach (Jackson and VanderWeele 2019; Wang
and Arah 2015), and each pathway maps onto a different facet of Reskin’s (2012) race
discrimination system.

. The controlled direct effect (CDE), Arrow (c). This includes all unobserved
mediating pathways through which racism becomes embodied or otherwise
influences Y that do not operate through the measured mediators — in other
words, unobserved racfsm.

. The proportion attributable to interaction (PAI), Arrow (a) + the interactive
effect of Race* M through Arrow (b). This is a form of structural racial
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discriminatfon, whereby the underlying system governing the relationship
between Mand Y operates differently across racialized categories.

. The pure indirect effect (PIE), Arrow (a) + the main effect of M through Arrow
(b). This is a form of emergent discrimination, whereby racism patterns the
distribution of M via Arrow (a) but M affects Y regardless of racialized category.

As discussed above, in many studies the CDE is the target effect. The implicit logic is

that this effect is somehow representing the “true effect of racial discrimination” because

we have removed other indirect pathways connecting racial categories to Y which are
conceptually bracketed as “not race” (e.g., income). Still, the CDE is completely dependent
on which observed mediators are included in estimation and is therefore more accurately
considered a measure of ignorance, or the proportion of the total racialized disparity

in Y that cannot be predicted through observed mediating systems. Instead of focusing
exclusively on parameterizing the CDE, researchers of racial health inequities should more
broadly consider how a system of structural racism produced stratification across a particular
cohort via M; or, as described by Stewart (2008), “swimming upstream.”

Third, the conventional mediation analysis requires that Assumption 4 holds by assuming
no variables in L are influenced by Race (ho dotted arrow in Figure 1). This is theoretically
untenable, as racism is implicated in patterning the distributions of virtually all other
variables that we might consider confounding the relationship between household income
(M) and health (Y) (Naimi et al. 2016). We might consider neighborhood poverty to be

one of the confounders (L) of the relationship between household income and health, as
neighborhood context affects both one’s level of household income and health. However, it
is well-established that racism produces variation in neighborhood context across racialized
categories via residential segregation (Charles 2003; Massey and Denton 1993). In a life
course perspective, then, neighborhood context and household income are also reciprocally
intertwined over time (Sharkey and Elwert 2011; Wodtke, Harding, and Elwert 2011).

What does this do to the interpretation of how much of the racial disparity is “explained

by” household income in the conventional mediation analysis above? Researchers are left
with a tricky counterfactual: what would the racial disparity have been if M had been fixed
at its reference category and all other variables (L) had also been fixed at their reference
categories? Studies often adjust for how neighborhood poverty (L) confounds the effect of
household income (M) on health (Y), but in doing so, over-control the mediating pathway
through neighborhood poverty, Race — L — Y. Inassessing the mediating effect of
household income on the relationship between race and health, it is therefore impossible

in the conventional regression framework above to both control for and not control for
neighborhood poverty (Sharkey and Elwert 2011). This is part of the “all else equal” axiom:
how much do those racialized as Black differ in Y compared to those racialized as white,
all else equal? Regardless of intent and emphasis, this counterfactual frame focuses attention
on the residual racial disparity (CDE) (Kohler-Hausmann 2019; Zuberi and Bonilla-Silva
2008). In attempts to control for confounding, conventional estimators are often describing
marginal, artificial worlds that bear little resemblance to the reality of how the dynamic,
relational process of racism operates over time. The quantitative field of racial health
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disparities increasingly leans on the nuanced theoretical and conceptual models of race,
racialization, and structural racism. Still, studies often rely on conventional estimators that
restrict understanding of how racism operates over time and within and across domains to
produce racialized disparities in health.

New Developments in Quantitative Causal Mediation

In Figure 2, we consider three sets of mediators of the racial health disparity

(M(l), M3, M(3)) observed over three age windows. When decomposing a disparity in
Health by self-identified race, we are describing a particular component of the historical
causal process that connects the system of racism to population variation in health, following
a particular racialized cohort through a particular space and time. Using self-identified race
in this way provides an incomplete picture of the historical process of racialization and

the effects of racism, which are malleable over space and time. But as many other authors
have described in defending the need to monitor health indicators by race, measuring these
disparities can still be useful in retrospectively identifying causal mechanisms maintaining
and reproducing the racial stratification that leads to embodied health inequities for
particular cohorts (Chowkwanyun and Reed 2020; Krieger 2018).

In this longitudinal framework, we are no longer conceptually separating variables into
“race” and “not race” in the same way that might be implied by conventional regression
estimators. For example, variation in M s explicitly defined as the historical product of
several pathways:

1 Race is linked to the distribution of M(®) through racism in unmeasured
pathways not captured by MmO (unobserved racism).

2. Race is linked to the distribution of am(!) through systems of racism.

a. MW then influences M through an underlying system that racializes
individuals and acts upon them differently (racial discrimination).

b. MW then influences M regardless of racialized category (emergent
discrimination).

The variables in M® are thus not representing some proportion of variation in Health that
is separable from Race (racism), but rather are explicitly part of the process of racism
through which racial categories and Health become connected. Still, this decomposition is
happening at a “high-level.” Each arrow is governed by its own underlying causal system,
which includes specific actors producing and interacting with processes of racialization and
racism (Ray 2019; Sewell 2016). For example, if we consider MW to include neighborhood
poverty, Sewell (2016) describes the political economy undergirding the Race — MY arrow,
and Kramer et al. (2017) describe the processes of embodiment underlying the M Sy
arrow. Gooshy et al. (2018) describe how stress-related biological mechanisms related to
discrimination affect health outcomes, experiences which could be implicated in the causal
arrow connecting Race — Y in Figure 2 and within the systems of racial discrimination
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governing interactive effects of mediators (e.g. racial discrimination influencing the effect of
J VAN Y).

Our primary goal in this paper is not to specify every pathway by further differentiating each
arrow in Figure 2. Instead, we aim to characterize the high-level structural system producing
racialized disparities in an indicator of early adult health (cardio-metabolic risk), among this
particular cohort, as well as the relative magnitudes of each of these broad mechanisms, in a
way that reflects our theoretical framework. Though we use commonly available individual-
level socioeconomic variables, such as educational attainment, we understand these to proxy
structural relations in the systems of exchange between educational attainment and health
outcomes (e.g., housing and labor markets).

The Present Study

The present study uses causal mediation methods that are informed by a critical theory

of racism as a fundamental cause of health inequities. The focus of this empirical case

study is not on the process of racialization or the proximal mechanisms of interpersonal
racism, but on the causally interconnected, reciprocal systems of structural racism (Bailey
et al. 2017; Reskin 2012). We consider the process of a cohort aging through a system

of racism as a causal inference problem of multiple mediators, where each intermediate
exposure affects all others over time, in ways that vary by how an individual is racialized
(Bailey et al. 2017; Esposito 2019). We argue that intentionally or not, the restrictive
assumptions of conventional regression estimators for mediation analysis reify a problematic
paradigm of race as a separable individual risk factor, rather than examining racism as a
time-varying causal process (Zuberi and Bonilla-Silva 2008). We apply a g-formula method
for multiple causal mediation to decompose the total racial disparity in cardio-metabolic risk
in a longitudinal cohort of young adults. This decomposition consists of the following three
effect pathways, which all represent different facets of racism: the controlled direct effect
(“unobserved racisnt’), the portion attributable to interaction for each mediator (“racial
discriminatfon’”), and the pure indirect effect for each mediator (*emergent discrimination’”).
Under the assumption of no unmeasured confounding, we provide causal evidence for
multiple mediating pathways through which structural racism produced embodied cardio-
metabolic disparities for this cohort. We describe the relative magnitude of mediating
effects through these systems, including neighborhood poverty, educational attainment, and
household income.

DATA AND METHODS

Data

We use data from the National Longitudinal Study of Adolescent to Adult Health (Waves
I, 111, and 1V: 1994-2008). Our outcome is a continuous measure of cardio-metabolic risk
at Wave 1V, defined as the first principal component of five biomarker variables indicating:
1) elevated waist circumference, 2) elevated blood pressure, 3) elevated triglycerides, 4)
reduced high-density lipoprotein, and 5) pre-diabetic value of glycosylated hemoglobin
(HbAlc). Previous research has demonstrated that this measure is a leading risk factor for
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cardiovascular disease in the United States (Kane 2018). We normalize this index to have a
mean of zero and variance of one.

We define each wave of data collection as “Adolescence” (Wave |; ages 12-18), “Transition
to adulthood” (Wave I11; ages 18-25), and “Young adulthood” (Wave 1V; ages 25-32)

and control for continuous years of age at the time of interview and self-identified sex

in all models. Focusing on the role of socioeconomic factors, we consider the following
causally ordered variables to mediate the relationship between self-identified race and
cardio-metabolic risk in young adulthood (Figure 2):

. Adolescence (M(l)): annual household income (continuous US dollars), parental
educational attainment (1 = at least one parent completing college), tract-level
poverty rate (continuous).

. Transition to adulthood (M(z)): tract-level poverty rate (continuous).

. Young adulthood (M(3)): college attainment (1 = respondent completed college),
tract-level poverty rate (continuous), annual household income (continuous US
dollars).

In the final analysis, all mediators except neighborhood poverty rate are interacted

with race (we include this interaction in online Appendix Figure 1). We exclude the
interaction of neighborhood poverty rate in the final results because of concerns related

to common support (i.e., lack of overlap in the distributions of neighborhood poverty
between individuals racialized as Black and white). The Add Health cohort is reflective

of the broader landscape of extreme Black-white residential segregation in that there is

little overlap across this variable in our data. This can produce misleading conclusions
based on interactions that are largely extrapolated outside of the observed data (Entwisle
2007; Oakes et al. 2015). Following Wodtke et al. (2011), our measure of neighborhood
poverty rate is included in the analysis as cumulative over an individual’s entire life. We use
the restricted Add Health sample, which includes 10,052 self-identified white individuals
(25,888 person-years) and 3,893 self-identified Black individuals (9,741 person-years). We
use multiple imputation to handle missing data (see online Appendix A for more information
on analytic procedures).

Parametric G-computation

The “g-formula” is a generalization of standardization that allows for the estimation

of unconfounded summary effects without relying on the restrictive cross-world
independence assumption. In conventional regression models (e.g. Baron-Kenny mediation)
or demographic decomposition (e.g. Kitagawa decomposition), estimates of counterfactual
change are calculated under the assumption that no other conditional probabilities change as
a result of the exposure changing. In contrast, g-formula standardization makes explicit the
sum of all “cascades” of conditional probabilities for all variables as the cohort ages through
that time and space, consistent with Stewart’s (2008) “swimming upstream” (Figure 2). We
use the g-formula, described in online Appendix A, to decompose the observed Black-white
disparity in cardio-metabolic risk, using fully interacted models to account for the racialized
processes underlying all systems in Figure 2.
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We first present descriptive statistics for the outcome and all mediating variables by self-
identified race. We then present the effect decomposition for the observed difference in
cardio-metabolic risk scores between the populations racialized as Black and white. We map
relevant research questions for each decomposed effect to their conceptual definitions in
Table 1, using the specific example of educational attainment to demonstrate main ideas.

RESULTS

Table 2 provides summary statistics by race. The reference category for all binary mediators
is the value hypothesized to be associated with higher cardio-metabolic risk (e.g., 0 = no
college attainment). We observe a significant disparity in our index of cardio-metabolic
risk in young adulthood: 0.35 standard deviations higher in the cohort racialized as Black
compared to white. We also observe large disparities across all mediating variables. The
average neighborhood poverty rate for Black respondents in adolescence was 26 percent
compared to just 11 percent for white respondents, a disparity which largely remained
into adulthood. In addition, white adolescents lived in households with an average income
of $51,66 compared to $30,496 for Black adolescents. A smaller percentage of Black
adolescents lived in a household where a parent completed college compared to white
adolescents (16 vs. 24 percent, respectively). In young adulthood, the disparity in college
attainment was 22% vs. 33%, suggesting a general increase in college attainment across
generations but also an increase in the Black-white gap.

Online Appendix Table A.1 displays parameter estimates from all mediator and outcome
models. These are used to parameterize conditional probabilities across the life course in
the g-formula and should not be given a causal interpretation. Table 3 provides results from
the mediation analysis. In this counterfactual decomposition, we divide each decomposed
effect by the total effect to determine the proportion of the racial health disparity that would
be eliminated if that effect pathway had not operated on this cohort as they aged from
adolescence to young adulthood (Table 1). For example, results in Table 3 reveal that if the
cohort racialized as Black had instead been racialized as white by the system connecting
educational attainment to cardio-metabolic risk, we would expect the total disparity in
cardio-metabolic risk by adulthood to be reduced by 0.06 standard deviations (-0.11 to
-0.01, p<0.05), or 18% of the total observed disparity. Figure 3 illustrates each decomposed
effect.

Results indicate that roughly 58% of the total racial disparity in the index of adult cardio-
metabolic risk can be explained by the observed mediating pathways (Table 3, Figure 3).
Three of these mediating effect pathways are statistically significant (p<0.05): the pure
indirect effect (PIE) operating via cumulative exposure to neighborhood poverty across the
life course (-0.07; —0.12 to -0.02, 21%), the proportion attributable to interaction (PAI) of
whether a parent of the respondent completed college (-0.05; —0.09 to —0.01, 15%), and
the proportion attributable to interaction (PAI) of whether the respondent completed college
(-0.06; —0.11 to —0.01, 18%). The remaining 42% of the observed racial disparity (CDE)

is explained by unobserved mediating pathways operating outside the measures included in
this analysis.
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The two interactive effect pathways that are most important in explaining observed
disparities in cardio-metabolic risk involve returns to parental educational attainment and
returns to personal educational attainment. These pathways both serve as examples of
structural racism via racial discrimination in the causal systems governing the returns to
education on adult cardio-metabolic health in the United States during this particular period.
Our results indicate that, in some way, that system connecting educational attainment to
health treated individuals racialized as Black differently than those racialized as white.

In contrast, results indicate that cumulative exposure to neighborhood poverty is the most
important pure indirect effect contributing to the racial disparity in cardio-metabolic risk
(Table 3), which serves as an example of structural racism via emergent discrimination
(-0.07; -0.12 to —0.02, 21%). Living in a neighborhood with high poverty impacts health
regardless of racialized category, but the racialized distributions of this harmful exposure are
highly unequal in ways that contribute to racial health inequality. In this cohort, 16 percent
of respondents racialized as white resided in neighborhoods with a poverty rate exceeding
20 percent in adolescence, compared with 61 percent of those racialized as Black. In the
g-formula framework, we are able to account for the fact that neighborhood poverty at

one age influences all subsequent exposures (as shown in Figure 2). However, our estimate
of this particular indirect effect (21 percent) is net of additional indirect pathways (the
arrows directly connecting this neighborhood poverty to cardio-metabolic risk in Figure
2), suggesting the salience of neighborhood context across the life course in shaping adult
health, beyond its cumulative impact on adulthood education and income.

DISCUSSION

Structural Racism as a Relational Process

If race, racialization, and racism are dynamic relational processes then our quantitative
methods for studying racial inequality must move beyond conventional regression models,
which largely treat “race” as a static trait of individuals that is separable from racialized
constructs. In this study, we have provided a worked example of a life course mediation
framework for decomposing racial disparities in adult cardio-metabolic function. We

have clarified the relative importance of several mediators within the system of racism
experienced by this particular cohort, such as the importance of emergent discrimination
across the life course via disproportionate exposure to neighborhood poverty and racial
discrimination via the system governing the relationship between educational attainment and
adult health. In doing so, this study serves as one example by which a self-identified race
variable can be better used to explain the causal process of racism in shaping outcomes in
quantitative studies.

Using nationally representative longitudinal data, we decomposed the Black-white disparity
in cardio-metabolic risk in young adulthood, paying particular attention to the roles of

life course socioeconomic exposures in the production of the racialized health inequity.

Our results revealed a sizable disparity in cardio-metabolic risk within this cohort. We
decomposed this disparity using several socioeconomic pathways, implicating cumulative
dynamics of structural racism arising from both racial discrimination and emergent
discrimination across the life course. We understand the production of this health disparity
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as a relational process in which various structural mediating systems create differential
exposures based on racialized category (e.g., emergent discrimination) and treat individuals
differently based on racialized category (e.qg., racial discrimination).

A large proportion of the total disparity in cardio-metabolic risk — 58 percent — was
explained by the observed mediators. Consistent with previous research (Boen 2016; Phelan
and Link 2015), these results indicate the prominence of socioeconomic factors in the
production of racialized health disparities. Much of this finding results from neoliberal
political arrangements in the United States focused on the coupling of well-being to
individualized “human capital,” as well as how this process interacts with contemporary and
historical racism (Bailey et al. 2017; Laster Pirtle 2020; Muntaner et al. 2010) to produce
racialized socioeconomic distributions. We further found that parental socioeconomic

status shapes adult health, with racial disparities in parental SES playing a key role

in the generation of racial health inequities. Parental SES shapes health through many
mediators observed here across the life course (e.g., children’s eventual likelihood of college
completion), but we demonstrate that they also have significant indirect effects.

Our results indicated that differential refurnsto parental educational attainment and personal
educational attainment also produced racialized health disparities. Reskin (2012) highlights
these as examples of structural racism via racial discrimination in the causal systems
governing the returns to education on adult cardio-metabolic health. This finding, consistent
with the “differential returns hypothesis,” (Boen 2016; Esposito 2019) could be due to
many factors, including how systems of education convey advantage in racialized ways

that may eventually impact health outcomes (e.g., occupational status, access to social and
professional networks, stress, etc.). A key take-away from this finding is that equalizing
access to education would be insufficient in closing Black-white health gaps without parallel
efforts to dismantle racism in other domains.

Our results further indicated that exposure to neighborhood poverty contributed to the
observed racial disparity in cardio-metabolic risk, which serves as an example of structural
racism via what Reskin (2012) terms emergent discrimination. While Figure 2 shows how
cumulative neighborhood poverty across the life course influenced all subsequent exposures,
we also observed pure indirect effects of neighborhood poverty on adult cardio-metabolic
risk. In these ways, results are consistent with research pointing to the prominence of
childhood and adolescence as sensitive periods for health and development, when exposure
to neighborhood poverty shapes future patterns of health directly and indirectly by shaping
adult education, occupation, income, and neighborhood context (Kravitz-Wirtz 2016).

Roughly 42 percent of the Black-white gap in cardio-metabolic risk was explained by
unobserved mediating pathways, including structural racism via sub-systems not accounted
for in our analysis (e.g. punitive policing and court systems, access to healthcare, housing,
etc.) and biopsychosocial racism-related stress pathways (Alexander 2012; Boen 2020;
Goosbhy et al. 2018). To the extent these unmeasured systems operate along the causal
pathways accounted for in our analysis, they will be included in those effects, but could be
further decomposed. For example, contact with policing and differential healthcare access
may mediate both the relationships between 1) racialized category and adult health (i.e.,
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explain a portion of the CDE) and 2) the relationship between neighborhood poverty in
adolescence and adult health (i.e., explain a portion of that PIE).

Constructing Causal Models to Explain Health Disparities

Importantly, our results are ultimately predicated on our choices in how we draw our DAG
— choices that can only be justified by our theoretical conceptions of each construct, their
causal ordering, and their causal relationships. The empirical goal of the current analysis
is to characterize the impacts of multiple dependent mediators related to structural racism
at a high level in shaping racial health inequities, but in doing so we leave many causal
arrows as “black boxes” with insufficiently deep explanation. Extensive empirical work,
both quantitative and qualitative, exists for any one of these arrows. Still, the empirical
approach employed in this study shows promise for identifying and further examining the
mediating pathways whereby structural racism contributes to population health gaps and
putting those pathways in a broader context relative to the total real-world disparity.

By combining a race interacted model with an analysis of mediating pathways (Diez Roux
2012), our analysis supports a theoretical framework grounded in the causal dependence
between racism and class relations as a fundamental cause of health in the United States
(Laster Pirtle 2020; Phelan and Link 2015; Robinson and Bailey 2020). Our results

speak to the critical roles of the unequal racialized distributions of socioeconomic risks,
opportunities, and exposures—as well as racialized effects of these exposures—in the
production of racial health disparities. Still, as Williams (2019: 4) notes:

“It may be more feasible for scholars to move away from asking ‘what

factors account for racial inequality’ to asking, ‘what factors maintain racial
inequality.” The former question tends to lead to human capital (i.e., individualistic)
explanations whereas the latter question lends itself to racism-based (i.e., structural)
explanations.”

The causal arrows and their racialized interactions in Figure 2 do not arise naturally or
inevitably, as is often implied by uncritical “social determinants of health” frameworks that
do not consider relational systems of social and economic production. Instead, each causal
arrow is maintained by a political economy of specific actors who stand to benefit from
particular arrangements rooted in capitalist interests and white supremacy (Laster Pirtle
2020; Ray 2019; Roberts 2011; Sewell 2016).

Scope and Limitations

Returning to the scope of our study, we have described how the common statement that
“X% of the racial disparity in outcome Y is explained by M (‘non-race’ variable)”is
predicated on unlikely assumptions regarding post-treatment bias and inconsistent with
social constructivist perspectives of the relation of racism and race. Still, in providing

a worked example of a quantitative technique that can overcome these issues, we retain
three important limitations that scholars should consider in future work: 1) we use readily
available secondary data with limited information, 2) we use “self-identified race” to
proxy the many fluid forms of Black-white racialization and historical and contemporary
manifestations of racism underlying our broad model (see Sen & Wasow 2016), and 3) we
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use individual-level measurements of social characteristics and material conditions to proxy
more dynamic mediating systems of racialized social relations. Indeed, the distribution of
income, for example, is the consequence of relational processes such as labor exploitation,
employer discrimination, and wage theft; income in turn influences health through relations
to largely privatized healthcare, housing, and more (see Muntaner et al. 2010, Pirtle Laster
2020, and Sewell 2016). Still, this represents what has been the modal setting of racial
health disparities research: combining a limited self-identified race variable from a large
national cohort study (e.g., Add Health, Health and Retirement Study, Panel Study on
Income Dynamics, etc.) with individual- and household-level indicators of socioeconomic
position. As such, a goal of this paper is to provide an alternative counterfactual approach to
conventional regression models that better aligns relational and social constructivist theories
of race and racism with quantitative studies of racialized health disparities using longitudinal
survey data. Our study is not prescriptive from a policy standpoint, but rather provides the
scaffolding of a quantitative approach for how racism and racialization ultimately produce
disparities in population health for a particular cohort aging through a particular period
and context of racism and racialization, while avoiding common pitfalls of conventional
regression analysis.

Each relation in our broad model can be further clarified via more specific information

on the historic and contemporary racist relations connecting individuals to structures and
the salient forms of racialization deployed. This work will involve the collection of new
forms of data on racialized refations rather than static social determinants of health (Krieger
2018; Muntaner 2013; Muntaner et al. 2010; Prins et al. 2021); the merging of new

data to cohort studies, such as contextual information on segregation (Sharkey 2013);
reflexive qualitative inquiry (Ford and Airhihenbuwa 2010); description of historical context
(Chowkwanyun 2011; Chowkwanyun and Reed 2020; D. Williams 2019); engagement with
critical, intersectional, feminist, and postcolonial theories (Crenshaw 2017; Delgado and
Stefanic 2017; Glenn 2015); and an ecosocial framework describing the actual processes

of embodiment (Krieger 2012). Importantly, quantitative attempts to parameterize the links
between particular racist relations should be mindful of not losing sight of the “forest”

of structural racism through the “trees” of any particular form of racist relations (Diez
Roux 2011; Robinson and Bailey 2020). Alternatively, efforts to clarify the links between
structural racism and health should be cautious of boiling down what is a complex, flexible
structural arrangement to a single parameter (Diez Roux 2012).

There are other limitations to our study. The process of racism is gendered, among many
other intersections, including (but not limited) to colorism, heterosexism, ageism, nativism,
ableism, and economic exploitation (Crenshaw 1991; Ford and Airhihenbuwa 2010). This
may (in its most simplified form) involve three-way interactions of all observed mediators
with race and gender (Bauer and Scheim 2019), for example. By not including this
additional interaction, we average over potential gendered heterogeneity.

In decomposing a population health disparity along the lines of self-identified race, we are
focused on retrospectively examining the forward process by which racialized individuals
moved through a system of racism (Stewart 2008). It is beyond the scope of this analysis to
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also consider how these processes then serve to reify racial categories [for this, see Sewell
(2016)].

Last, it is important to qualify the fundamental limitations of quantitative counterfactuals
(Schwartz, Gatto, and Campbell 2011). We consider the counterfactual “What if those
racialized as Black had instead been racialized as white within the racist structural systems
characterizing the time and place through which the Add Health cohort aged?”to be based
on a “well-described exposure” (e.g., racialization in a racist system) rather than necessarily
a “well-defined intervention” (Glymour 2006; Herndn and Robins 2019; Holland 2008;
Morgan and Winship 2014; Pearl 2014). We are not interpreting any of the decomposed
effects in isolation as what would actually happen if we were to somehow equalize Black-
white exposures or effects of exposures. But we agree with arguments made by Robinson

& Bailey (2020) that precise quantitative identification of such hypothetical future causal
effects is not a prerequisite for supporting a broad policy agenda aimed at dismantling
pathways of structural racism affecting health, an agenda based on retrospective quantitative
and qualitative causal triangulation, a robust theory of racism, and longstanding social
movements (Bailey et al. 2017; Darity and Mullen 2020; Ford and Airhihenbuwa 2010;
Taylor 2016).

Conclusions

This study provided a worked example of a life course mediation framework for
decomposing racial health disparities, but this framework can be generalized to any
population disparity. We clarified the relative importance of several mediators within the
system of racism experienced by the Add Health cohort, such as the importance of emergent
discrimination across the life course via disproportionate exposure to neighborhood poverty
experienced and racial discrimination via the system governing the relationship between
educational attainment and adult health. However, substantial assumptions and limitations of
this analysis (and any quantitative analysis of racial disparities) underscores the crucial
importance of triangulation (Du Bois 1898; Itzigsohn and Brown 2020). Quantitative
inference, predicated on estimating unobserved counterfactuals from observed data under
strong assumptions of full or partial exchangeability, is only one mode of causal inference,
not the definition of causal inference (Schwartz, Gatto, and Campbell 2017).

Much of modern quantitative causal inference in the study of health pushes research
questions towards “well-defined interventions” seen as more “proximal” to the individual,
which reinforces a neoliberal paradigm of social change predicated on marginal
interventions that do not threaten structural or institutional arrangements (Robinson and
Bailey 2020; Schwartz et al. 2016). At the same time, conventional regression models are
subject to time-varying confounding issues, which can reify notions of individual race as a
separable “risk factor” from all other social relations. But an uncritical application of more
complex methods risks losing sight of the fundamental causes that govern the distribution
of more proximal risk factors, and ultimately the total disparity in population health (Bailey
et al. 2017; Jackson and Arah 2019; Krieger 2014; Phelan and Link 2015; Schwartz et

al. 2017). It is therefore our hope that this study can offer one framework for leveraging
developments in quantitative causal inference to decompose a population disparity observed
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at a given time to the historical life course process through which individuals come to
embody racist structural systems, supporting more holistic causal narratives rather than
isolating effects of marginal changes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Race f-----------------

Figure 1.
Directed-acyclic graph describing how the connection between Race and Health (Y) is

mediated by material deprivation, denoted M. Includes confounders of M — Y denoted L,
and Arrow (b) includes an interaction between Race and M in influencing Y.
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Contemporary

and historical r------ Race MO
racism .’

Adolescence

(12-18)

Figure 2.
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Transition to
adulthood
(18-25)

Young
adulthood
(25-34)

Directed-acyclic graph describing the relationship between race and cardio-metabolic risk by

adulthood.

Note: For visual clarity, two pieces of information are suppressed here compared to Figure
1: 1) Multiple observed mediators measured at the same time point are suppressed to a

single node and set of arrows (e.g. M(l)) and 2) all arrows except those originating from

Race contain an interaction with Race.
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CDE +

PIE Parent income (Adolescence)

PIE Parent college (Adolescence)

PIE Neighborhood poverty (Cumulative) +
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PIE College (Young adulthood) ‘ CDE
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PIE Household income (Young adulthood)

PAIl Parent income (Adolescence) O

PAI Parent college (Adolescence) —O—
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Decomposed effect estimate

Figure 3.
Decomposition estimates for the total Black-white disparity in cardio-metabolic risk

Notes: The x-axis indicates the counterfactual change in the normalized cardio-metabolic
risk index (i.e. standard deviations) attributable to that pathway had the population racialized
as Black instead been treated as the population racialized as white by all mediating systems.
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Table 2.

Descriptive statistics.

White Black
Mean or prop. SE Mean or prop. SE p-value
Adolescence (ages 12-18)
Age (years) 15.90 (.02) 16.18 (.04) HAA
Sex (1 = male) 49 (.01) 50 (.01) ok
Parent college attainment (1 = at least one parent completed college) 24 (.01) 16 (.01) AAA
Parent household income (US$) $51,666  (474) $30,496 (811) AAA
Tract-level poverty rate (cont.) 11 (.00) .26 (.00) faaled
Transition to adulthood (ages 18-25)
Age (years) 22.09 (.02) 22.37  (.04) HAA
Tract-level poverty rate (cont.) 13 (.00) .23 (.00) faaled
Young adulthood (ages 25-32)
Age (age) 2892 (.02) 2922 (.04) ok
Tract-level poverty rate (cont.) 13 (.00) .23 (.00) faaled
College attainment (1 = respondent completed college) 33 (.01) 22 (.01) AAA
Household income (US$) $63,648 (519) $43,246  (844) il
Cardio-metabolic risk (cont.) -.08 (.02) .27 (.03) faaled
Person-years 25,888 9,741
Unique individuals 10,052 3,893

Weighted estimates. p-value of two-sided t-test:

p <0.05;

Hok

p<0.01;

Heok:

*
p <0.001
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