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Abstract Causal inference lies at the center of epidemiologic
research. In social epidemiology, two separate approaches to
framing cause-effect relations have been considered: the coun-
terfactual (or potential outcomes) framework and the theory of
fundamental causes. The relations between these two frame-
works have not yet been articulated. In this paper, I review the
counterfactual and fundamental cause frameworks, and show
how they capture different notions of cause-effect relations.
Additionally, I show how the counterfactual and fundamental
cause frameworks can be integrated to provide a more rigor-
ous treatment of causality in social epidemiology. In particu-
lar, I show how counterfactual quantities can be used to eval-
uate predictions that follow from fundamental cause theory,
assess the relations between and roles of various social re-
sources in a given health disparity, and generate evidence on
the potential interventions to mitigate health disparities.

Keywords Causation - Fundamental cause - Counterfactual
cause - Potential outcomes - Health disparities - Social
stratification - Social epidemiology

Introduction

As the science of public health, epidemiology has long been
devoted to generating actionable knowledge to improve health
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outcomes [1]. Because of these pragmatic aims, causality is a
permanent and prominent feature of the field. Several theoretic,
analytic, and heuristic tools have been developed to structure
thinking about cause-effect relations, analyze population health
data, and interpret empirical results. These include the Bradford
Hill criteria [2], the sufficient component cause model [3], the
potential (or counterfactual) outcomes framework [4], and fun-
damental cause theory [5ee].

These tools have different implications for what might be
considered “causal,” and what the nature of this causal relation
might be. For example, depending on context, the Bradford
Hill criteria might yield different conclusions about the nature
of a suspected cause-effect relation that the sufficient compo-
nent cause framework [6]. Similarly, the theory of fundamen-
tal causes might suggest that a particular association is causal,
whereas the counterfactual framework might suggest
otherwise.

Indeed, certain differences between the theory of funda-
mental causes and the counterfactual framework have led to
an apparent causal impasse in social epidemiology. One the
one hand, standard causal interpretations in social epidemiol-
ogy have been weak. Associations from observational studies
are often used to support claims that policy interventions to
modify social determinants of health will improve population
health and reduce health disparities [7, 8]. However, the pre-
cise connections between empirical analyses and proposed
interventions are often nebulous, unarticulated, and ill-
defined.

On the other hand, several authors have contested key rami-
fications of the counterfactual framework. These objections stem
from confusion over certain elements required to interpret asso-
ciation as causation in the counterfactual sense. For example, “no
causation without manipulation” [4] leads directly to the recog-
nition that commonly used measures of race or education cannot
be construed as counterfactual causes [9¢e, 10]. Yet many have
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mis-interpreted this to imply that the constructs represented by
variables such as race and education cannot cause health out-
comes [11-14].

The purpose of this paper is to provide some perspective on
causal inference in social epidemiology. I first describe the
counterfactual (or potential outcomes) framework and high-
light the reasons why social exposures such as race and edu-
cation cannot be construed as counterfactual causes. I next
review the theory of fundamental causes and note how the
very attributes that preclude interpreting race or education as
counterfactual causes may actually justify their characteriza-
tion as fundamental causes. Finally, I outline how the coun-
terfactual framework and fundamental cause theory can be
integrated with much potential. In particular, I demonstrate
how counterfactual quantities can be used to test predictions
that follow from fundamental cause theory, assess the relations
between and roles of various social resources in a given health
disparity, and generate evidence on the potential interventions
to mitigate health disparities.

The Counterfactual Framework

The potential (or counterfactual) outcomes framework is becom-
ing increasingly popular in a wide array of empirical sciences,
including epidemiology [15, 16]. The foremost strength of this
framework is the clarity it offers in defining causal effects, par-
ticularly in the context of observational studies [17]. For a given
outcome ¥, exposure X, and individual 7, Y,(x) represents the po-
tential outcome for individual 7 that would be observed if (pos-
sibly contrary to fact) their exposure value was set to X=x. Using
this formalization, it is easy to define a range of causal effects of
interest, such as the causal risk difference:

PlY,(x) =1 -P[y, (x) = 1]

This risk difference can be interpreted as what would be ob-
served if the entire study population were exposed to x versus if
the entire study population were exposed to x* [18]. When x
represents a characteristic with a clear and manipulable assign-
ment mechanism, contemplating the risk that would be observed
if the entire study population were exposed to x tends to evoke
little controversy [19] (p452). Such is not the case for social
exposures, including measures of socioeconomic position, gen-
der, and race [10].

The causal status of such exposures has been heavily de-
bated, particularly for race [4, 9¢, 1214, 20, 21]. Across the
empirical sciences, race is most often quantified by question-
naire. Specifically, in responding to a question about one’s
“race,” an individual (self or other) chooses from among sev-
eral responses, which are tallied into different racial catego-
ries, such as “non-Hispanic black” (x = 1) or “non-Hispanic
white” (x =0). These commonly used racial and ethnic

classification schemes underlie much of the research on heath
disparities. The debate centers on what to make of estimates
representing quantities such as:

In the counterfactual framework, when x = 1 denotes non-
Hispanic black, this quantity would be interpreted as the risk of
Y that would be observed if everyone’s race were set to “non-
Hispanic black.” Risk differences such as the one defined above
would thus serve to answer research questions that query what
would be observed if everyone in a given population were black
versus if everyone were white. Such questions are not the same
as questions pertaining to what would be observed if all indi-
viduals were exposed to the same levels of discrimination,
stress, opportunity, or societal resources that are implicated in
research on racial and social health disparities [9¢e, 22].

Commonly used racial/ethnic classification schemes capture
long-established and systemic features of the social, historical,
political, economic, and scientific systems from which sampled
individuals arise [23-25]. For example, Feagin comments on the
long-term effects of a single instance of systemic racial discrim-
ination: the federal Homestead Act passed by the U.S. govern-
ment in the 1860s, and which remained in effect until the 1930s.
By this act, the U.S. government

provided about 246 million acres of land ... at low or no
cost for about 1.5 million farm homesteads. Because of
the extensive racial exclusion and violence directed at
African Americans, including those recently freed from
slavery, those who gained access to these wealth-
generating resources were almost entirely white. The
homesteads of about 160—320 acres provided land re-
sources on which many white families, including new
European immigrant families, built up substantial
wealth in the initial generation and subsequent genera-
tions [26] (p3).

Indeed, demographic projections suggest that roughly a
quarter of the American population in the year 2000 were
descendants of homestead recipients [27] and were thus ben-
eficiaries of the wealth, privilege, and power generated by this
government program.

As proxies of the past, modern racial classification schemes
are a reflection of centuries-old institutional practices such as
the Homestead Act that underlie the differential allocation of a
nation’s resources [26, 28, 29]. Thus, quantifying the risk of a
health outcome that would be observed if everyone’s racially
patterned experiences (as captured by contemporary racial
classification schemes) were set to what would have been
had everyone been non-Hispanic white or black would, in
effect, require intervening on the past and changing history.
Race relations have deep and complicated historical roots [28,
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30-33], and this complexity precludes interpreting contrasts
of the risk of a particular health outcome among different
racial groups as counterfactual causes. Interpreting race as a
counterfactual cause would require asking what would be ob-
served if all of the cultural, historical, and ancestral experi-
ences of non-Hispanic black individuals would have been
switched to what non-Hispanic white individuals experienced.

Said another way, the manner in which individuals become
assigned (either by self- or other-report) to a given racial/ethnic
category results from the complex interplay of long-standing
social, historical, political, and economic processes. This com-
plexity in the assignment mechanism leads to the violation of
key assumptions required for causal inference and thus, the
non-identifiability of the causal effect of race as a contrast of
counterfactual outcomes [34, 35]. Similar problems are encoun-
tered for exposures such as education [10], gender [36], neigh-
borhood effects [37], and other variables of common interest in
social epidemiology.

However, while this complexity precludes interpreting so-
cial exposures as causes in the counterfactual framework, it
does not imply that the constructs represented by variables
such as race are not causal in a more general sense. For ex-
ample, VanderWeele and Hernan note that it is possible to
formulate causal statements that cannot be achieved by ma-
nipulation [36] (p106). Additionally, Paul Holland, the origi-
nator of the phrase “no causation without manipulation” also
suggests that, in a very particular sense, race is not a cause [22]
(p101). Moreover, contrasts of the risk of a health outcome
between racial/ethnic groups can validly be interpreted as
quantitative expressions of long-standing race relations
[11, 22, 38] and are thus not without meaning.

Fundamental Cause Theory

A gamut of health outcomes have long been socially pat-
terned [39]. Prior to the epidemiologic transition, mortal-
ity in the West was largely attributable to infectious dis-
eases. This infectious disease mortality was concentrated
in communities of low socioeconomic status minority
populations with limited resources. When this infectious
etiology was overtaken by death due to chronic disease,
the social patterns in the distribution of mortality
remained. That is, despite the dramatic etiologic change, mi-
nority populations with limited resources continued to bear the
brunt of the excess mortality. The theory of fundamental
causes was developed to explain this persistence [40e¢].
Fundamental causes are characterized by four key features
[See, 40ee, 41e]: (i) they are related to numerous health out-
comes, (ii) they affect health outcomes through multiple po-
tential pathways, (iii) they involve access to resources that can
be used to avoid risks or mitigate the negative impact of dis-
ease, and (iv) their effects persist over time via the
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replacement of intervening mechanisms. Both race [41e¢]
and socioeconomic status [5ee, 40¢¢] have been postulated as
fundamental causes. High-SES individuals and privileged ra-
cial groups have access to a variety of flexible material and
social resources (knowledge, money, power, prestige, and
beneficial social connections) that enable them to maintain
lower risks of death and disease, irrespective of the underlying
etiology driving these outcomes [42]. As noted by Phelan,
Link, and Tehranifar [40e¢], (pS29) “[i]t is their capacity to
be used flexibly by individuals and groups that places [these]
resources at the center of fundamental cause theory.”
Furthermore, these flexible material and social resources and
their precursors have historically been allocated to individuals
in positions of power and privilege (e.g., high-SES individuals
of a given racial category). Thus, in some respect, the very
reasons for which race and socioeconomic status cannot be
considered counterfactual causes are why they are causal in
the “fundamental” sense.

Several reviews have documented evidence on the features
that characterize fundamental causes [40¢e, 41¢°, 42]. The
unique policy implications of the fundamental cause theory
have also been articulated [40ee, 43]. In particular, the theory
predicts that policies that do not depend on material and social
resources are more likely to reduce health disparities. For ex-
ample, exhorting women to consume more green leafy vege-
tables prior to and during gestation will likely lead to a differ-
ent pattern in the disparity of neural tube defects than fortify-
ing grains, rice, and cereals with folic acid. This feature pro-
vides a means by which researchers can empirically assess
fundamental cause theory predictions and may facilitate pri-
oritizing policy and interventions to reduce health disparities.

However, the theory does not provide guidance on how
flexible resources should be modified to reduce health dispar-
ities and improve population health. Phelan and Link [40e¢]
(p312) argue that “health inequalities resulting from a funda-
mental cause cannot be eradicated by addressing intervening
mechanisms.” Rather “[t]he the long-term impact of the funda-
mental cause can only be eliminated by reducing inequalities in
the flexible resources.” Yet the distinction between strategies to
address intervening mechanisms and strategies to reduce in-
equalities in flexible resources can be unclear. For example,
money is a flexible resource that can be altered in several ways
[10]. A policy to increase minimum wage might be construed as
an intervention to reduce inequalities in flexible resources
[40e], but can the same be said of a conditional cash transfer
program that increases income by a similar amount?

Additionally, one noted limitation is that fundamental
cause theory does not imply anything specific about the link-
ages between flexible resources [42]. Thus, based on funda-
mental cause theory alone, one could not determine whether
reducing a socioeconomic health disparity would best be ac-
complished by modifying resources linked to, for example,
money, prestige, or knowledge.
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The Counterfactual Implications of Fundamental where P [Y (m)] is the probability of breastfeeding if a
Cause Theory woman’s prenatal care status was set to some value m. This
quantity captures the extent to which the racial disparity will
Fundamental cause theory leads directly to predictions for ques-  be affected by altering participation in prenatal care and can
tions such as “what would the magnitude of a health disparity be ~ thus be used to generate evidence on the potential that prenatal
if a particular risk factor were modified in a given population.”  care has to mitigate (or aggravate) health disparities [44].
Such questions are counterfactual in that they relate to the risk of An estimate of this quantity can also be used to evaluate

a health outcome among different racial or social groups that  predictions from the theory of fundamental causes. Consider
would be observed if a third variable was modified. Naimi ~ that most prenatal care programs provide information and
et al. [44] termed these quantities counterfactual disparity mea-  counseling on the benefits of breastfeeding [47]. Thus, the
sures (CDMs) and reviewed several techniques that can be used ~ effectiveness of prenatal care on breastfeeding initiation/
to estimate them. Here, I show how these quantities can be used ~ duration depends on the availability of a woman’s educational,
to (i) evaluate predictions from the theory of fundamental causes; ~ monetary, and social resources to act on this counseling.
(ii) assess linkages between flexible resources, and how they =~ Because non-Hispanic black women tend to have fewer edu-
might contribute to a given disparity; and (iii) generate evidence  cational, monetary, and social resources [48], fundamental
on the potential of a variety of interventions to mitigate health ~ cause theory would predict that prenatal care will increase
disparities. the racial disparity in breastfeeding practices [40+¢]. More for-
To frame this illustration, I will highlight the counterfactual =~ mally, it follows from fundamental cause theory that:
implications of fundamental cause theory in a hypothetical
scenario involving the racial disparity in breastfeeding prac-
tices. Breastfeeding has been shown to have several — whereRD =P (Y | X =1) - P (Y | X = 0)is the ac-

infant health benefits [45], and there is a strong racial (] risk difference in breastfeeding in the population compar-
disparity in breastfeeding practices in the U.S. [46].  ing non-Hispanic black to non-Hispanic white women.
Breastfeeding counseling is a component of prenatal  Additionally, according to fundamental cause theory, the in-
care [47], and thus, one may ask whether and to what  creased risk difference that would be observed if all women
extent prenatal care contributes to the racial disparity in  recejved prenatal care would likely be due to a greater increase

RD < CDM (m = 1),

breastfeeding. in breastfeeding among women who were not classified as
More precisely, one may ask what the racial disparity in non-Hispanic black, rather than a lowering of the probability

breastfeeding practices would be if all women received pre-  of breastfeeding among non-Hispanic black women.

natal care. Such a question can be quantified using counter- Finally, because the effectiveness of prenatal care depends

factual disparity measures [10, 44]. Letting Y be an indicator o a woman’s existing set of flexible resources (as measured

of whether a woman breastfed or not, X be an indicator of non- by, e.g., educational level), it follows that the disparity in

Hispanic black status or not, and M be an indicator of whether breastfeeding if all women received prenatal care would be
a woman participated in a prenatal care program, one can  greater among those with lower educational levels relative to
define the CDM on the difference scale as: higher educational levels. Letting Z be an indicator of educa-
tional status (e.g., less than high school education versus high
school or more), one could further test fundamental cause
theory predictions by estimating the following counterfactual
disparity measures:

CDM (m) = P[Y (m) | X = 1] -P[Y (m) | X = 0

CDM (m | Z = 0) = P[Y(m) | X = 1,Z =0 —P [Y(m)| X = 0,Z = 0

CDM (m | Z = 1) =P[¥ (m) | X = 1,Z =1 -P[ Y (m | X = 0,2 = 1

These quantities can be interpreted as: * CDM (m | Z = 1): The racial disparity in breastfeeding
that would be observed if prenatal care were set to a given
* CDM (m | Z = 0): The racial disparity in level (m) in the entire population among those with high
breastfeeding that would be observed if prenatal care school or more (Z=1).
was set to a given level (m) in the entire population
among those with less than a high school education Because acting on the counseling provided in a prenatal
Z =0). care setting would be easier for those with higher educational
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levels, fundamental cause theory would predict that
COM (m=11] Z=0>CDM (m=1 1| Z=1),
or that the racial disparity in breastfeeding if all women
received prenatal care would be greater among those
with less than a high school education relative to those
with high school or more.

Finally, counterfactual disparity measures can be
used to assess the relative importance and potential
linkages between flexible resources underlying a health
disparity. That is, it might be of interest to assess
whether resources related to income or resources related
to education played more of a role in shaping the
breastfeeding disparity that would be observed under
different prenatal care scenarios. This may be accom-
plished by estimating

CDM (m | Z =0,V = 0), CDM (m | Z = 0,V = 1),

CDM (m | Z = 1,V = 0), CDM (m | Z = 0,V = 1),

where =0 and V=1 denote values of income deemed
low and high, respectively. One would conclude that re-
sources related to income are more relevant in shaping
the disparity that would be observed under a given pre-
natal care scenario if, for example, [CDM (m | Z =
1,V =0) - CDM (m | Z =20,V =
0)] > [CDM (m | Z=0,V=1) — CDM (m |
Z =0,V =0)]

Methods to estimate these quantities have been illustrated
in previous research [44].

Conclusion

Because of its practical orientation, causal inference lies
at the center of epidemiologic research. The counterfac-
tual framework and the theory of fundamental causes
have both contributed to shaping how social epidemiol-
ogists think about cause-effect relations. While these
distinct approaches frame causality in different ways,
their combination may yield powerful insights on how
to best mitigate health disparities.
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