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Abstract

Scientific and policy interest in health disparities, defined as systematic, plausibly avoidable
health differences adversely affecting socially disadvantaged groups, has increased markedly over
the past few decades. Like other research, research in health disparities is strongly influenced by
the underlying conceptual model of the hypothetical causes of disparities. Conceptual models are
important and a major source of debate because multiple types of factors and processes may be
involved in generating disparities, because different disciplines emphasize different types of
factors, and because the conceptual model often drives what is studied, how results are interpreted,
and which interventions are identified as most promising. This article reviews common conceptual
approaches to health disparities including the genetic model, the fundamental cause model, the
pathways model, and the interaction model. Strengths and limitations of the approaches are
highlighted. The article concludes by outlining key elements and implications of an integrative
systems-based conceptual model.
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INTRODUCTION

Scientific and policy interest in health disparities defined as “systematic, plausibly avoidable
health differences adversely affecting socially disadvantaged groups” (10, p. el) (note that
the term health inequalities is often used with a similar meaning) has increased dramatically
over the past few years. This increase has been reflected in publications, funding, training
programs, and the mass media. Despite this increased interest, important unanswered
questions remain, and even when proposed answers exist, they are contested with respect to
both their validity and their implications for action. Like other research, health disparities
research is strongly influenced by the conceptual model of the hypothetical causes of health
disparities espoused by the researcher. The importance of the underlying conceptual model
in guiding the formulation of research questions, the design of studies, and the analysis and
interpretation of results is not unique to health disparities. However, it is of prime
importance in this field because of the multifaceted factors (ranging from social to
biological) that may contribute to disparities, because of disciplinary differences in the
factors that are emphasized, and because models often have major implications for the
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interventions or policies that are identified as likely to be most effective in eliminating
disparities.

Conceptual models involve the setting of bounds around a research problem and the
specification of which constructs and relationships are fundamental to consider in
understanding the problem and obtaining answers to related scientific questions. The answer
that one obtains can be contingent on what else was considered (or was not considered) in
the model. Most of the debate around conceptual models centers around which factors are
included and which relationships are considered. Conceptual models often either implicitly
or explicitly highlight one set of causal factors over another.

This article reviews major conceptual models utilized in health disparities research over the
past decades. Examples are drawn from research on disparities by socioeconomic position
and race/ethnicity because these are key domains linked to social disadvantage in many
countries. [No attempt is made to differentiate race and ethnicity clearly given that both
constructs may reflect combinations of social history, ancestry, and culture and the
distinction is often arbitrary and blurred at least as the terms are commonly used in health
research (89)]. The different conceptual models are categorized on the basis of what they
emphasize. The review focuses on key differences across major schematic (and, to a certain
extent, caricature) models. The boundaries across these different models however are fluid,
and intermediate options that combine elements are not only plausible but common.
Nevertheless, highlighting the key distinguishing features across various conceptual
approaches can be useful in understanding the sometimes subtle distinctions across them.
After reviewing each type of conceptual model, the article discusses emerging directions in
conceptual models of health disparities.

THE GENETIC MODEL: GENETIC DIFFERENCES AS IMPORTANT DRIVERS
OF HEALTH DISPARITIES

One strongly debated but nevertheless highly influential conceptual model of health
disparities highlights the role of genetic factors. This model has been applied primarily to
the study of race or ethic differences because of the perceived link between race or ethnicity
and genetic ancestry, although genetic explanations for other forms of social disadvantage
have not been uncommon in the past (32). There is a long history of debate in medicine,
public health, and the social sciences on the extent to which self-reports of race or ethnicity
correlate with genetic variants in such a way that the self-reported categories can serve as a
proxy for genetic factors (7, 13, 80). If race and ethnic categories are substantially different
in the distribution of genetic variants, genes become major candidates for the causes of
health disparities. It is often stated, based on a classic study by Lewontin (45) as well as on
subsequent replications (3, 23), that the proportion of total genetic variation that lies
between commonly identified race groups is quite low (below 15%, often between 5% and
10%). This fact has led a number of scientists to state forcefully that race and ethnicity are
very poor proxies for genetic background and, therefore, with the possible exception of
selected rare conditions, genetic factors are unlikely to be major contributors to race or
ethnic differences in health (7, 13, 37, 75, 80, 89).

Social and medical scientists have repeatedly noted that race and ethnic categories are
socially and historically constructed and hence that any explanations of the causes of health
disparities by race need to consider the social, historical, cultural, and environmental
dimensions of race (7, 13). Arguments about genetic difference across races have been used
inappropriately to establish hierarchies and to underplay the role of social factors and
discrimination (7, 8). These arguments led to a discrediting of genetic explanation for health
disparities, although articles continued explicitly or implicitly to interpret residual adjusted
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race differences as probably genetic despite admonitions to the contrary (8, 80), and genetic
interpretations of disparities persisted in the popular press.

The Reemergence of Genetic Explanations

Recent years have witnessed a resurgence of the debate on the extent to which race and
ethnic categories can reliably be used to proxy genetic background potentially relevant to a
range of health outcomes (8, 37, 71). The methods used to apportion genetic variability
across “races” (the basis for the often-cited 15% estimate) have been questioned (51), and
some investigators have argued that even a between-race variability of under 15% is
compatible with relevant genetic differences (50). The feasibility of measuring literally
millions of markers of genetic variability in large population studies and the use of statistical
techniques that allow the identification of patterns of segregation and clustering of these
genetic markers have spurred the study of whether genetic markers can be used reliably to
differentiate race or ethnic groups. Although it is true there is continuous variation in
genetics across groups (78), that no race or ethnic group is homogeneous, and that sampling
strategies may have an important impact on the groups or clusters identified (78, 84), a
number of studies have shown that sets of appropriately chosen genetic markers can be used
reliably to classify individuals into groups that often correlate quite well with self-identified
race/ethnic groups (usually closely related to continental ancestry) (4, 58, 73, 83). Some
researchers have argued that this correlation between genetically identified classifications
and self reported race justifies the continued use of self-reported race and ethnicity as a
proxy for genetic differences in epidemiologic studies (11, 71). Indeed Risch et al. (71)
argue that self-reported race or ethnicity may be even more genetically informative than
genetically identified clusters because it can identify genetic variability, which may not be
detected by the clustering approaches.

The implications of the clustering of genetic markers by race and ethnicity for causal
explanations of health disparities are not as straightforward as may first appear. An
important question is the extent to which groups identified using these markers of variability
in the genome actually capture meaningful variability in the genes hypothesized to relate to
the multiple conditions for which health disparities exist (2, 13, 37). This remains a debated
question. Feldman et al. (24, p. 374) argue that “genes that are geographically distinctive in
their frequencies are not typical of the human genome in general”; King & Motulsky (39)
suggest that few genetic variants common enough to be of medical significance for an entire
group are likely to be confined to one population, although this statement has been contested
(2). Although persons of the same race/ethnicity are likely to share ancestral markers, there
is still substantial genetic variability within the genetically identified clusters. Indeed most
allelic variation remains within regions or “race” groups (73). [It is important to note that the
presence of identifiable clusters is fully compatible with the fact that on average only 5-10%
of genetic variation is between groups. This is because even small amounts of between-
group variation can be useful to classify individuals if the variation is highly structured (2).]
When health-relevant genetic variants are found to vary across race groups, race is often a
poor proxy for their presence (69).

Even if variants relevant to disease are confined to certain groups or vary substantially
across groups, it seems unlikely that ancestral clusters would capture variability in genetic
susceptibility to the very large and diverse set of health outcomes for which disparities exist.
In addition, the limited ability, at least to date, to consistently identify genetic variants that
explain a substantial portion of the risk for common diseases (19, 54) makes it unlikely that
genetic variants would explain the very large differences in major diseases that are observed
across race groups. Last, and perhaps most important, even if these clusters are good proxies
for health-relevant genetic variability, the fact that they are highly correlated with self-
reported race and ethnicity means that they are also highly correlated with the social and
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environmental features that vary markedly across these groups. This correlation implies that
any attempt to separate the causal impact of the genetic clusters from the causal impact of
social and environmental variables correlated with race or ethnicity is extremely difficult.

The Concept of Population Stratification in Genetic Studies

Despite debate about the extent to which genetic clustering correlated with race and
ethnicity is a good proxy for health-relevant genetic variability, the notion that the genetic
variability captured by these markers is relevant to health is well accepted among
geneticists, as evidenced by the concern with population stratification in genetic studies (66,
68). Population stratification refers to the presence of subgroups within a study population
with shared ancestry that differ in genetic architecture, i.e., in the presence of genetic
markers and in the interrelations between markers. A major concern in genetic epidemiology
is that associations between variability in a given genetic marker (or single nucleotide
polymorphism) and health may be confounded by population subgroups that are associated
with the genetic marker under study but that also have other factors related to the outcome
of interest. A simple example of the conceptual model underlying the notion of population
stratification is shown in Figure 1a. Investigators often assume that the “confounders”
proxied by population subgroups are other genetic variants, although environmental factors
correlated with population strata could be much more important confounders. Another
implication of the presence of genetically identifiable subgroups is that the correlations
between various genetic markers may be different within the different groups. This has
major implications for the interpretation of associations of genetic variants (most of which
are assumed to be proxies for the true causal genetic variants rather than causal themselves)
with health, given that the extent to which polymorphisms in a given Single Nucleptide
Polymorphism (or SNP) are correlated with the causal genetic variability may vary across
groups. Cooper et al. (14) argue that this differential clustering of genetic markers across
subgroups can be exploited in ways that can help identify the true causal variants (which are
likely to be universal across groups, in contrast to the proxy measures).

The concern with population stratification is the motivation for the call for race-specific
analyses in genetic epidemiology and for the adjustment for population stratification even
within analyses restricted to a single race or ethnic group. Substantial methodological work
has focused on identifying the best ways to capture these “genetically defined” population
subgroups (67, 90, 91). The notion that population subgroups identified through genetic
clustering approaches are good proxies of health-related genetic variability (indeed for
genetic variability relevant to all health outcomes since the same population stratification
adjustment methods are used regardless of the outcome being studied) is a firm and
ingrained assumption in most genetic epidemiology. The use of admixture mapping, in
which the percent of a given ancestry (e.g., percent African ancestry) is examined in relation
to health outcomes (58), is also heavily predicated on the notion that genetic markers of
ancestry are likely to be good proxies for genetic variants related to a large number of health
outcomes. These analyses are also subject to strong confounding by social and
environmental factors linked to ancestry. Local admixture mapping (which focuses on
ancestry for certain restricted sections of the genome) (14, 58) can be subject to less
confounding as long as local admixture and general (genome-wide) admixture are not
strongly correlated.

In summary, despite the longstanding debate and to some extent consensus in the late
twentieth and early twenty-first century on the limitations of using self-reported race or
ethnicity as a proxy for genetic factors (35), there has been resurgence of the idea that self-
reported race and ethnic categorizations have a genetic basis and that genetic variability
across race or ethnic groups may be highly relevant to health. Indeed this notion is strong
and continually reinforced in genetic analyses through the concern with population
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stratification. As a result, the conceptualization of race and ethnic differences in health as
substantially genetic remains strong among biomedical scientists and has served to reinforce
this notion in the media and in the public at large. As noted by Duster (20), intended or not,
the linkage of self-reported categories with genetic clusters and the growing use of
admixture as a proxy for global genetic differences have to a certain extent served to reify
race and reinforce stereotypical notions about innate race differences.

THE FUNDAMENTAL CAUSE MODEL: STRUCTURAL CONDITIONS AS
FUNDAMENTAL CAUSES OF HEALTH DISPARITIES

A second influential conceptual model of health disparities highlights the importance of
structural factors related to social and economic organization as fundamental causes of
health disparities. This approach is exemplified by Link & Phelan’s (47) model of social
conditions as fundamental causes of disease and by Williams’s (88) model of the causes of
race differences in health. Both models explicitly allude to “basic causes” defined by
Lieberson (46). Basic causes are defined as the factors responsible for generating a
particular outcome. Changes in basic causes create a change in the outcome. Basic causes
are distinguished from surface causes. Changes in surface causes do not necessarily result in
changes in the outcome because new surface causes emerge to maintain the same outcome.

Social Conditions as Fundamental Causes of Disease

In a series of papers (47, 48, 63-65), Link and Phelan posit that social conditions can be
conceptualized as “fundamental causes” (or basic causes) of disease. They argue that health
inequalities have been robust over time because new mechanisms for the health inequalities
emerge when existing ones disappear or are blocked. This continual reemergence of new
mechanisms arises because persons of higher socioeconomic status (SES) possess a wide
range of flexible resources, including knowledge, money, prestige, power, and social
connections that can be used to secure good health (65). These flexible resources ensure that
persons of higher SES know about, have access to, can afford, and are motivated to engage
in a broad range of health-enhancing activities, including behaviors and treatments and
living or working in environments conducive to health. Under this model, the key driver of
the continual reemergence of the social gradient is purposive action on the part of the higher
SES groups based on access to information and the resources necessary to act on this
information. This action results in improved health through the prevention of disease or
through improved prognosis once disease occurs. This basic model has been amended to
recognize that additional processes that are not the intended direct result of purposive action
but that can be viewed as side benefits (such as health benefits of living or working in
certain contexts and benefiting from social norms, cultural practices, and institutions linked
to membership in certain social groups) may also play a role in the reemergence of
inequalities (26, 65). The basic elements of the fundamental cause model are illustrated in
Figure 15.

Although the fundamental cause model was formulated largely to explain socioeconomic
differences, some elements of the fundamental cause approach are also present in models of
disparities by race and ethnicity. For example Williams (88) alludes to “culture, biology,
racism, economic structures, and political and legal factors” as the “fundamental causes of
racial differences in health” (p. 327). This model pays special attention to historical
circumstances and posits that “[d]ifferent combinations of factors in the model may be more
salient depending upon the context, historical period, health outcome, and the research
question under consideration” (p. 327). Like Link and Phelan’s fundamental cause model,
William’s model also alludes to basic causes (46). However, in contrast to Link and
Phelan’s model, which alludes to one primary process for the continued generation of social
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differences in health (the differential distribution of flexible resources and their deployment
to protect and improve health), Williams includes a number of factors among the basic
causes, including not only economic structures (which capture at least some elements of the
resources approach) and political and legal factors (which can influence, among other
things, the access to and distribution of resources) but also biology and geographic origins as
well as culture. Racism, in particular institutional racism (defined as the presence of societal
structures that systematically constrain the opportunities of groups on the basis of their race
or ethnicity) (9), plays a prominent role in this model and is explicitly posited as another
fundamental cause of race/ethnic disparities. Through racism, race becomes linked to SES,
which in turn has health consequences. The model explicitly cautions against reifying race
(race itself is not the cause) and argues for the need to examine how basic causes contribute
to race differences in specific surface causes, which in turn affect health. The surface causes
include health practices, stress, psychosocial resources, and medical care. Further
elaborations of this model also incorporate immigration history and acculturation (89).

Key Elements of the Fundamental Cause Model

One key element of fundamental cause approaches is the emphasis on distal causes. A full
understanding of health disparities necessarily requires consideration of these distal causes,
rather than the mechanisms or proximal causes that are changing and dictated by
circumstances. However, fundamental or basic cause models are not just about the presence
of distal antecedents connected to health through multiple mechanisms (26). Fundamental
cause models explicitly allude to and emphasize the processes through which these distal
factors generate the continual reemergence of health differences even under changing
circumstances. In the case of Link & Phelan’s (65) fundamental cause model, this
mechanism is defined quite specifically and involves purposive action in the presence of
flexible resources. In the case of Williams’s (88) model for race differences, this mechanism
is defined more generally and involves larger societal and historical structures and processes
that create differential distribution of the surface causes across race groups. The mechanism
that generates and perpetuates differential distribution of continuing reemerging surface
causes has been referred to as the “metamechanism” (53) to distinguish it from the more
proximal pathways (sometimes also referred to as mechanisms) through which the distal
causes specifically affect health (although the term metamechanism was initially used in the
context of the Link and Phelan model, it is also applicable to Williams’s model of race
differences). The articulation of these metamechanisms, and indeed the emphasis placed on
these metamechanisms, is the key distinguishing feature of fundamental cause models.

A second key element of the fundamental cause models is the notion that these distal factors
can affect multiple health outcomes through similar or different pathways. Thus this model
easily accounts for the fact that disparities are often present for multiple and often disparate
health outcomes. In addition, this model also indicates (indeed explicitly posits) that these
distal antecedents can affect a specific health outcome through multiple mechanisms. The
notion of multiple mechanisms is fundamental to these conceptualizations because they posit
that new mechanisms continually emerge. The overall effect on health is the combined net
effect of all the mechanisms (some of which could conceivably have countervailing
impacts). The metamechanisms tend to generate effects systematically in one direction,
resulting for example in the health disadvantage of lower- compared with higher-SES
persons or of minority groups compared with whites (26, 53). This asymmetry is
systematically reproduced such that when new mechanisms emerge they tend to preserve the
relationship.
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Implications for Intervention

Both key elements (the presence of a metamechanism and the presence of multiple pathways
that change over time) have implications for the interventions or policies that may reduce
disparities. Intervening on the proximal mechanisms may temporarily reduce disparities, but
differences will likely reemerge as new mechanisms emerge. Breaking the cycle requires
affecting the metamechanism itself. For the fundamental cause model, this includes reducing
inequalities in resources or developing interventions (preventive or curative) that do not
depend on resources for their adoption or action (65). Williams’s model implies developing
strategies that address the fundamental processes that generate and maintain differences in
the distribution of surface causes across race groups.

THE PATHWAYS MODEL: UNDERSTANDING THE MULTIPLE PATHWAYS
THAT CONTRIBUTE TO HEALTH DISPARITIES

A third conceptual approach to health disparities highlights the understanding of mediating
pathways. The difference between this conceptual model and the fundamental cause model
is largely one of emphasis because the fundamental cause model emphasizes the
metamechanisms and deemphasizes the mediating mechanisms, whereas the pathways
model emphasizes the mediating mechanisms. Although the presence of distal antecedents is
fundamental to the pathways model, the pathways model itself does not necessarily require a
particular theory regarding the perpetuation of social or race/ethnic differences. It does not
require theory on metamechanisms, although such a theory can be incorporated, and many
researchers who work in this tradition may have such a theory in mind.

For the pathways model, elucidating the specific mediating mechanisms is important both to
understanding what the main drivers of health disparities are and to identifying interventions
to eliminate disparities. For example, Wang & Sie (87) argue that understanding disparities
by race requires deconstructing what race means for the more proximal mechanisms and
focusing on the mediators of health differences. Although in its classic formulation the
fundamental cause model emphasizes the metamechanisms rather than the pathways, the
importance of understanding mediating mechanisms is explicitly recognized even in
fundamental cause models. For example, Phelan et al. (65, p. S35) note that “much of the
public health significance of fundamental cause theory may reside in understanding how the
link between flexible resources and health-relevant risk and protective factors has been
broken.” Williams (88) also argues that understanding mechanisms contributing to race
differences is necessary to show how these processes are not purely individually determined
but largely shaped by societal forces.

The Notion of Embodiment

The notion of embodiment, defined as “how we, like any living organism, literally
incorporate, biologically, the world in which we live, including our societal and ecological
circumstances” (42, p. 351), is linked to the pathways model because it alludes to the
importance of understanding the ways in which distal factors directly affect biologic
structure and function with consequences for health. An important element of the notion of
embodiment is that the proximal biological processes can be understood only if these are
explicitly connected to their distal multilevel and historical/life course determinants. As
such, it is closely linked to the fundamental cause model, although in contrast to this model,
it is by definition explicitly interested in the proximal and biological factors. Detailed
articulation of these mechanisms is viewed as important to demonstrating the causal effects
of the distal causes on health outcomes.
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Key Elements of the Pathways Model

An important characteristic of the pathways model is the consideration of various types of
pathways or mediating mechanisms (Figure 1¢). One often studied mechanism involves
behavioral factors, such as smoking, dietary and physical activity patterns, and use of drugs,
among others. Behaviors are explicitly placed in context and viewed as constrained by more
distal factors such as resources (time and money), environments (neighborhood and work
contexts), life course history (such as early-life factors), culture (social norms and
traditions), and other social processes (such as discrimination). Another type of frequently
hypothesized mechanism affected by these distal causes involves psychosocial processes.
For example Matthews et al. (55) posit that life circumstances linked to socioeconomic
position and race or ethnicity result in variable experiences of stress with consequences for a
number of disease processes. A notable example is the focus on “allostatic load” (defined as
the multisystem biological consequences of repeated attempts to adapt to stressors) as a
contributor to health disparities (77). Although efforts have been made to determine the
relative importance of behavioral and psychosocial factors as mediating pathways, definitive
conclusions have remained elusive owing to difficulties in measurement, the absence of
longitudinal data appropriate to investigate mediation, the presence of unmeasured
confounders, and the likely bidirectional relationships between psychosocial and behavioral
factors over time (5, 12, 29, 36). Other pathways that have been posited include traditional
toxic exposures as well as institutional factors such as access to and quality of health care
(89).

Environmental Context and Life Course Factors

Over the past 10-15 years, environmental context and life course factors (which can operate
through any of the more proximal pathways described above) have become integral to many
pathways approaches. Consideration of the impact of neighborhood social and physical
environments (18) as well as work environments (49) has been viewed as increasingly
important to understanding the mechanisms contributing to disparities. The unequal
distribution of neighborhood social and physical features is increasingly viewed as a
contributor to health disparities (18). Work environments may also contribute to disparities
not only through toxic exposures at work but through a myriad of ways in which work
affects individuals and communities (49, 59). Life course exposures, including factors
during pregnancy, social conditions in childhood, and even factors affecting prior
generations, have been viewed as increasingly important to understanding disparities in
adult health. The incorporation of dimensions defined at different levels of organization and
operating at variable time points has made the pathways model increasingly sophisticated
(30). Another recent trend is the focus on more proximal pathways, including the effects of
factors linked to social circumstances on processes related to differential gene expression
(43).

Challenges in Pathways Models

The pathways model faces a number of challenges in articulating the detailed (including
very proximal) mechanisms linking distal causes to health disparities. First, it can be very
difficult to detect relations between very distal antecedents and biological factors that are
likely to be affected by many interrelated factors in ways that are nonlinear and involve
feedbacks and interactions. Second, methodologic difficulties persist in drawing firm
conclusions regarding the presence and relative importance of mediating factors in
observational studies, primarily owing to the presence of various forms of confounding (38,
86). Third, the focus on more proximal factors can lead to an unintended de-emphasis on the
more distal antecedents. The study of the proximal biological mediators can become an end
in itself and shift attention to intervening on proximal factors, which are viewed as more
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amenable to change (9). Some have expressed concern that this could result in a new
reductionism to individual-level characteristics (21).

THE INTERACTION MODEL: THE ROLE OF GENE-BY-ENVIRONMENT
INTERACTIONS

A fourth conceptual model highlights the importance of interactions between variables.
Although the presence of interactions has long been hypothesized in the study of health, the
interaction model has received increasing attention because of recent interest in the interplay
between environments and genes. Geneticists hypothesize that gene-by-environment
interactions may contribute to part of the “missing heritability” (the heritability that is
unexplained by known genetic factors) (54) and that failure to consider interactions may
explain why there is still limited evidence for a strong genetic basis to complex diseases
(58). Researchers interested in social factors have found the gene-by-environment
interaction model appealing because it emphasizes the continuing importance of broadly
defined environmental factors (many of which can be conceptualized as social), even in the
presence of genetic predictors. In addition, the study of gene-by-environment interactions
could at least hypothetically facilitate the detection of new environmental factors. The recent
interest in factors that affect gene expression (epigenetics) as contributors to health
disparities (43) is closely linked to the gene-by-environment interaction approach because it
explicates a mechanism through which environments can modify the expression of genes.

Typologies of Gene-by-Environment Interaction

Researchers have proposed a number of typologies of gene-by-environment interactions
involving social factors (62, 76, 79). Shanahan & Hofer (79) propose four categories: (&)
social context triggering the manifestation of an adverse genetic predisposition through
exposure to stressors or personal/life circumstances that enhance the gene’s effect (4) social
context neutralizing, compensating, or minimizing the manifestation of an adverse genetic
predisposition through the absence of the trigger or through the provision of an enriched
setting that compensates for the genetic predisposition; (¢) social context exerting social
control (through social norms or structural constraints) that affects the manifestation of the
adverse genetic predisposition by limiting people’s behaviors and choices; and () social
context enhancing beneficial genetic predispositions (for example, genetic predispositions to
higher educational attainment can be enhanced in the presence of a rich educational
environment and opportunities). Although these four categories overlap, they differ in the
process that is emphasized.

Contributions of Gene-by-Environment Interactions to Health Disparities

Despite the intellectual appeal of gene-by-environment interactions, there has been little
progress in identifying replicable interactions. When reported, their presence has been
contested (e.g., 72, 85). A number of challenges make the detection of interactions difficult
(35, 79). Key among these is the need for very large sample sizes. The scale at which the
interaction should be investigated (whether absolute differences or relative differences are
used to quantify effects) remains an unresolved issue (31, 34). Many studies also lack
appropriate environmental measures (57), and when available, measures often vary across
studies, making much needed replication impossible. There is no consensus on whether the
investigation of gene-by-environment interactions should be broadly exploratory or
hypothesis-driven based on the specific mechanisms believed to play a role.

Because so few gene-by-environment interactions have been confirmed, few if any studies
have directly examined the contribution of these interactions to health disparities.
Nevertheless it is important to consider under which circumstances gene-by-environment
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interactions could contribute to disparities in health. Table 1 summarizes these possibilities
for a simple scenario involving comparison of two groups and synergism (a type of
interaction in which the effect of one factor is magnified or is manifested only in the
presence of the other) between a genetic and an environmental factor. In scenario I, neither
the gene nor the environment varies across groups. The presence of gene-by-environment
interaction will not contribute to health disparities regardless of whether one or both factors
exert main effects (the term main effect refers to the effect that occurs regardless of the
presence of the other factor; this is the effect that manifests itself even if the other factor is
absent). In scenarios Ila and Illa, none of the factors exerts a main effect, but either the gene
(11a) or the environment (I11a) varies across groups. Under these circumstances, the presence
of gene-by-environment interaction will be sufficient to generate health disparities, even in
the absence of main effects of either factor. For example, in scenario lla the gene differs
across groups, but the environmental factor does not. The interaction will allow the genetic
differences to manifest themselves (assuming that the prevalence of the environmental risk
factor is not 0), even if there is no main effect of the gene. If in addition the gene or the
environment exerts a main effect (11b and 111b), the presence of the interaction will magnify
the health disparity that results from the main effect of the factor that varies across groups.
In scenarios 1Va—I1Vd, both the gene and the environmental factor differ across groups. For
simplicity, assume that environments and genes covary in such a way that the group with
higher prevalence of the genetic risk factor also has a higher prevalence of the
environmental risk factor. In 1\VVa, neither factor exerts a main effect. All of the health
disparity will be attributable to the interaction between both factors. In scenario IVb, the
disparity will be due partly to the gene alone and partly to the interaction as in Ilb, but the
contribution of the interaction to the disparity will likely be greater than in Ilb because of the
higher prevalence of the environmental factor in the group with higher prevalence of the
gene. Analogous logic can be applied to V¢ and 1\VVd. This simplistic schematic illustration
shows that the extent to which gene-by-environment interaction contributes to health
disparities will be a function of the covariation of genetic and environmental factors across
groups, of the main effects of both factors, and of the magnitude and type of interaction.

Complex Interplay Between Genes and Environments

A major challenge in the study of gene-by-environment interactions is that they are often
studied without clear reference to the broader causal model within which environments and
genes are embedded (79). Environments can be defined at various levels and over the life
course. In addition, they can be very proximal to the disease process (e.g., the physiologic
milieu in which the genes operate as defined by levels of circulating markers in the blood) or
very distal societal factors. Distal factors may in turn be causal antecedents to the more
proximal factors that interact with the genes. Some gene-by-environment interactions may
actually be phenotype-environment interactions (the gene encodes for a particular
phenotype, which is what interacts with the environment) (25).

Another source of complexity is that the interrelations between genes and environments are
likely to involve much more than the classic gene-by-environment interaction (25, 62, 74).
Environments and genes may become correlated through the sharing of common antecedents
(for example, geographic ancestry may be linked to genetic variation and to place of
residence, creating an association between genes and placed-based environmental factors) or
through processes by which genes affect exposures to environments (persons with a genetic
predisposition to be more physically active choosing to live close to environments that
facilitate physical activity, or persons with genetic predisposition to music being more likely
to receive musical stimuli). The environmental factors correlated with the genes may, in
turn, directly affect health (independently of genes) or may exacerbate the effects of genes.
Some of these basic relations are summarized in Figure 14, In an additional twist, genetic
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factors may also lead to phenotypic characteristics (e.g., certain aspects of physical
appearance), which in turn have consequences for environmental exposures (e.g.,
discrimination) that affect health [genes operate through phenotypes, which have social and
environmental implications) (25)]. In these situations, genetic and social or environmental
factors have mutually reinforcing effects over time, and explanations that fail to consider
these dynamics may result in mistaken attributions of variability (and causation) to genetic
or environmental components. These complex interrelationships suggest the need for
conceptual models that explicitly account for these dynamic relations in the study of how
genes and environments may jointly contribute to health disparities.

TOWARD A DYNAMIC AND INTEGRATIVE SYSTEMS VIEW OF HEALTH
DISPARITIES

Although the four schematic conceptual approaches described above differ in emphasis, they
are interrelated and complementary in many ways. Health disparities researchers have
increasingly emphasized the need to integrate and transcend false dichotomies (social and
biologic factors, environments and genes, individual- and population-level factors, or
behavioral and stress-related processes) in the understanding of the causes of health
disparities. But this integration may require new ways of thinking as well as new analytical
approaches and tools.

An emerging integrative paradigm in public health is that of complex systems. Although
systems thinking has long been part of public health (especially in the area of infectious
diseases) (15, 40, 41, 52, 56, 81), it has recently received attention beyond the field of
infectious diseases as a way to address limitations in current approaches to population health
(1, 16, 17, 27, 28, 60, 61, 70). The complex systems approach is appealing because it allows
an integration of various important aspects emphasized by the different conceptual
approaches outlined above. For example, a complex systems approach embraces the notion
of structural causation expressed in the fundamental cause model but also emphasizes (and
requires) the detailed articulation of mediating mechanisms highlighted in the pathways
model. It recognizes the possibility that there are different causal pathways to the same
outcome or that a single pathway can lead to different outcomes (79). It allows explicit
articulation of the reciprocal and interacting relations between genes and environments over
time. It does not artificially dichotomize individual- and population-level factors but shows
how they can affect each other through feedbacks. More generally, it can help researchers
explicitly articulate how group differences arise from the dynamic interactions between
individuals as well as between individuals and environments (or populations) over time (1,
17). Several elements of a systems-based approach may be valuable to health disparities
research.

Formulating Dynamic Conceptual Models that are Bounded and Tractable

Perhaps the most important, but also the most challenging, element of a systems approach is
the development of dynamic conceptual models of health disparities. These models may
incorporate many aspects of existing conceptual models (multiple levels, distal and proximal
factors, as well as factors operating at different times) but explicitly allude to feedbacks,
dependencies between individuals, and nonlinear relations. Although these relations may be
implicit in some existing conceptual models, systems conceptualizations require researchers
to make these relations explicit and specific. They force researchers to move away from the
focus on estimating associations or isolating the effects of a single factor to articulating how
many factors operate together over time in a dynamic and nonlinear way to generate the
outcome.
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An important challenge in developing these dynamic conceptual models is setting the
bounds on what should and should not be included. The setting of these bounds will be
driven by the specific research problem that the model is intended to help address. To be
useful, these models need to be bounded and tractable and, therefore, amenable to the
development of formal models and simulation. The specificity and explicitness of the model
also allow debate on whether the bounds that have been set are appropriate and facilitates
discussion and input from scientists and various stakeholders (82). Once a conceptual model
is developed, various types of formal models and simulations can be used to refine the
model, to understand its functioning, and to evaluate the impact of various inputs.

Integrating Existing Knowledge and Data and Identifying New Data Needs

A key and appealing feature of systems approaches is that they allow integration of
quantitative and qualitative information from various sources. This is important both in the
development of the conceptual model and in the formulation of a formal model. The process
of integrating various sources of data could be especially valuable in health disparities
research because often the large amount of information available is not systematically
integrated. In addition, the process of developing the model allows identification of novel
and important areas in which data are lacking or the identification of new questions that
need to be answered (often using the traditional approaches of experiments, observational
studies, or qualitative studies) before the functioning of the system can be understood.

Explicit Link to Intervention and Policy

Another important component of the systems approach is the explicit link to policy or
interventions. This is because the approach focuses on modeling processes and encourages
investigators to consider how the outcomes of the functioning of the systems would change
if different malleable inputs (or causes) were modified. The approach allows direct
investigation of how factors distal to the final outcome may operate. It also allows for the
detection of unintended effects (perhaps distant in space and time) as well as the
identification of interventions or policies that might be useful in reducing disparities but
would not have been identified using the standard approach. Systems approaches are
especially valuable in situations of policy resistance (82), i.e., where policies have not had
the expected effects, which may be a common situation in health disparities.

Integrating a Variety of Tools

Broadly speaking, a systems approach to health disparities would promote the integration of
various methodological approaches and tools. These would include systems tools such as
systems dynamic models or agent-based models (22, 33) as well as the traditional tools of
observational studies, trials, and qualitative studies. Various aspects of dynamic conceptual
models can be investigated using different tools where appropriate. For example, formal
systems models (such as systems dynamic models or agent-based models) can be used to
explore the functioning of the system as a whole, but the traditional tools of observational
studies and trials and qualitative studies may be necessary to investigate specific aspects
further or to provide input for the creation of formal systems models and simulations. A
dynamic systems approach to health disparities does not require abandoning current methods
or relying exclusively on formal systems models and simulation. It is more about the
conceptualization of health disparities as the product of the functioning of a system rather
than about the exclusive use of certain systems tools.

CONCLUSION

Conceptual models have a profound impact on what is studied, how it is studied, and how
results are interpreted. The genetic, fundamental cause, pathways, and interaction models
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differ in the factors and relations they emphasize. Although sometimes subtle, these
differences in emphasis influence the types of questions that are asked, the way data are
collected, the analytical approaches used, and the interpretation of results.

Health disparities research is ripe for fresh approaches that allow us to rethink the
conceptual models we utilize, combine data from various sources, identify new data needs,
and integrate a variety of analytical approaches to improve our knowledge of the causes of
health disparities and identify effective policies of interventions to eliminate them. A key
challenge is recognizing the dynamic relations between factors at various levels, including
the role of feedbacks, dependencies, and nonlinear relations that are absent from the most
common approaches. Conceptualizing health disparities in a systems-inspired dynamic way
may help integrate various aspects of existing conceptual models. It may also point to new
questions or stimulate new ways of thinking about old questions and help transcend the false
dichotomies that still plague the field.

Dynamic conceptual models are not necessarily very complicated. The development of
conceptual models is about extracting essential elements and placing bounds on the problem
so that it is tractable and so that fundamental understanding can be obtained. Some questions
in health disparities may continue to be answerable using conceptualizations and tools
already available, but others may require new ways of conceptualizing and studying
dynamic relations. As in the story by Borges (6), where the map makers made such a
detailed map that it became an actual representation of the land itself and was no longer
useful as a map, the purpose of developing dynamic conceptual models is not to replicate
reality exactly but to identify the elements essential for understanding. Health disparities
researchers will have to use existing information, scientific insight, and simple intuition to
extract what the essential elements of a model relevant to a particular problem might be.
Systems-inspired conceptual models also do not imply abandoning traditional ways of
collecting or analyzing data, but they may help integrate various sources of data, point to
new data needs, and help understand the implications of the information we have in a new
way.

Reductionist approaches have prospered for a reason: They radically simplify complexity
and make it tractable. The problem is that sometimes this simplification can be obfuscating
rather than illuminating (44). Systems approaches also simplify, but they simplify in a
different way than the approaches commonly used in disparities research today. Part of the
challenges facing health disparities research may be related to what we have been
abstracting in our models and what we have chosen to ignore. Exploring alternate ways of
simplifying could yield new insights. But these approaches will also present a whole new set
of challenges that will become increasingly apparent as they are applied to concrete
problems.
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Essential elements of selected conceptual approaches to health disparities. A single-headed
arrow from X to Y indicates that X is a cause of Y (e.g., social, environmental, and cultural
factors are causally related to health (&), or that X causes increased exposure to Y (e.g.,

genetic factors cause exposures to certain environments (). A double-headed arrow

indicates that both factors are associated (for example, genes and environments can become
associated if persons of certain ancestry are more likely to live in certain areas as a result of
institutional discrimination (& ). A line intersecting a one-headed arrow (in the form of a T)
indicates that the factor modifies the relation between X and Y.
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