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Abstract: Racial disparities in breast cancer present a vexing and complex challenge for public health.
A diverse array of factors contributes to disparities in breast cancer incidence and outcomes, and,
thus far, efforts to improve racial equity have yielded mixed results. Systems theory offers a model
that is well-suited to addressing complex issues. In particular, the concept of a systemic leverage
point offers a clue that may assist researchers, policymakers, and interventionists in formulating
innovative and comprehensive approaches to eliminating racial disparities in breast cancer. Naming
systemic racism as a fundamental cause of disparities, we use systems theory to identify residential
segregation as a key leverage point and a driver of racial inequities across the social, economic, and
environmental determinants of health. We call on researchers, policymakers, and interventionists to
use a systems-informed, community-based participatory approach, aimed at harnessing the power
of place, to engage directly with community stakeholders in coordinating efforts to prevent breast
cancer, and work toward eliminating disparities in communities of color.

Keywords: review paper; breast cancer; racism; health disparities; residential segregation; systems
theory; community engagement

1. Introduction

There are significant racial disparities in breast cancer incidence, care, and outcomes,
with Black women experiencing higher incidence of aggressive breast cancer subtypes,
lower quality of care, and higher mortality rates than white women [1–3]. These disparities
persist despite efforts to eliminate them. An increasing number of scholars and scientists
identify systemic racism as the fundamental cause of health disparities [4–6]. This causal
effect is exerted through numerous interrelated pathways, including residential segregation,
economic deprivation, healthcare quality and access, social and environmental exposures,
and environmentally conditioned health behavior (e.g., smoking). In order to be effective,
efforts to prevent breast cancer and eliminate disparities must therefore acknowledge and
work to address racism as a system. This approach differs from traditional intervention
paradigms, which seek to isolate factors in a linear causal chain resulting in a single health
outcome, in that it works from the assumptions that multiple interrelated causes can exert
a multiplicative influence over and above the sum of their effects, that numerous outcomes
are likely to trace back to the same interrelated set of causes, and that disruptions in one
subsystem will likely not change outcomes. Focus is therefore shifted from finding a single
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cause to finding those subsystems, or nodes in the network of related causes, that mediate
the relationships between numerous other subsystems and the outcome(s) of interest. Those
component subsystems that are necessary for the maintenance of systemic equilibrium can
be understood as leverage points [4].

With respect to health disparities generally, and breast cancer disparities specifically,
residential racial segregation is one such leverage point. It has historically produced in-
equities in access to opportunities and resources [7]. Place of residence largely determines
access to high quality education, which influences educational attainment and subsequent
labor market opportunities [8]. Additionally, place of residence affects access to credit
markets, housing, health care, and the quality and nature of interactions with law enforce-
ment and the criminal justice system [4]. People of color in the United States continue
to be concentrated to a great degree in communities with lower levels of resources and
opportunities relative to white communities, with resulting inequities and disparities in out-
comes associated with health and well-being. Residential racial segregation has facilitated
inequitable access and exposure with regard to the social, economic, and environmental
determinants of health. It has served as a fulcrum—a leverage point— in the race discrimi-
nation system, influencing the operation of every major subsystem, and producing racial
inequities and disparities. In this article, we will outline an approach to harnessing the
power of place, such that it may serve as a leverage point to amend, rather than contribute
to racial disparities in breast cancer.

We begin with an overview of Black/white racial breast cancer disparities, followed
by a brief outline of the state of the scientific literature on individual risk factors for, and
protective factors against, breast cancer, with particular focus on those risk and protective
factors that disproportionately impact historically marginalized groups. We then discuss
various potential mechanisms by which racial discrimination may exert a causal influence
on breast cancer disparities by conditioning the population distribution of these risk and
protective factors, with the caveat that these mechanisms are not yet well understood. In
order to re-conceptualize this web of interrelated influences in a more actionable framework,
we echo other scholars and scientists in identifying systemic racism as the underlying cause
that links all of the interrelated mechanisms of disparity together. We use concepts from
systems theory to demonstrate that residential segregation is a key leverage point in the
racial discrimination system. We then put forth a systems-oriented, community-engaged
approach to breast cancer prevention and disparities research and outline opportunities for
researchers, policymakers, and interventionists to harness the power of place by partnering
directly with community stakeholders in coordinating breast cancer prevention efforts in
under-resourced minority communities.

While a detailed description of Black/white racial breast cancer disparities is beyond
the scope of this paper, there is a large body of scientific data indicating that breast cancer
and its consequences are differentially distributed by race. Because these differences
adversely impact marginalized communities, and are related to injustice, they are called
health disparities. In our usage, therefore, the term disparity should be taken to mean
more than simply difference, but a difference which has its source in inequity or injustice.
Racial breast cancer disparities can be understood as falling into three broad categories:
disparities in incidence, disparities in care, and disparities in outcome. Historically, Black
women have had lower rates of breast cancer than white women. However, recent literature
indicates that breast cancer incidence is rising among Black women, and in 2012, overall
breast cancer incidence for Black women reached levels equaling those of White women [2].
Though this on its own does not illuminate an absolute Black/white breast cancer disparity,
it does show a disparity in change over time wherein Black women do not share equally
in improvements occurring across the broader population. Further, in a study of 375,761
cases of breast cancer, Black women were more likely than white women to be diagnosed
with triple-negative breast cancer, which is more aggressive and difficult to treat than more
common breast cancer subtypes [9]. In that same study, the overall incidence rate for breast
cancer among women less than 44 years old was highest among Black women.
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Compared with white women, Black women disproportionately experience longer
waiting periods after abnormal screening, treatment delays, lower likelihood of receiv-
ing guideline-concordant cancer care [1], lower quality of care [10], and early treatment
termination [11], which has been linked to negative outcomes. Though mortality rates for
breast cancer have steadily decreased in recent decades, outcomes have improved less for
Black women than for white women [12]. For sex-specific cancers, including breast cancer,
racial disparities in survival have been shown in a randomized trial of nearly 20,000 subjects
to remain significant when controlling for other demographic factors, as well as clinical
and treatment variables [13]. In fact, as breast cancer incidence among Black women has
increased, mortality rates for breast cancer have also continued to be higher among Black
women than among any other racial group [3,14]. In 2012, breast cancer mortality among
black women was 42% higher than it was among white women [2].

2. The Fundamental Causes of Breast Cancer Disparities

Breast cancer disparities persist despite the development and implementation of nu-
merous interventions seeking to eliminate them [15]. There are several comprehensive and
wide-ranging reviews of the current state of scientific research on factors that contribute to
breast cancer incidence, outcomes, and disparities [3,16,17]. Overall, this literature indicates
that risk and protective factors are distributed differently by race, with racial minorities
more likely than whites to be exposed to many risk factors. Specifically, it points to the need
for prevention efforts aimed at reducing alcohol consumption, tobacco use, and chronic
stress, as well as chemical, occupational, and ionizing radiation exposures, and promoting
breastfeeding, healthy diet patterns, physical activity, and healthy vitamin D levels [3,16,17].
Though our ultimate aim is to highlight the complex interrelationships between the envi-
ronmental determinants of breast cancer outcomes, we will begin with a brief discussion of
some individual risk and protective factors that are differentially distributed by race. We
will then turn our attention to the ways in which racial residential segregation ensures the
inequitable distribution of these determinants at the population level.

2.1. Risk and Protective Factors for Breast Cancer

Alcohol is a known risk factor for breast cancer, and there is a dose response relation-
ship between the two, with higher consumption corresponding to greater breast cancer
risk [18]. Though there are some conflicting results, there is limited evidence that high
levels of alcohol consumption are associated with greater breast cancer risk among Black
women than for any other racial group, and that higher levels of alcohol consumption
increase risk of more aggressive subtypes of breast cancer, which also disproportionately
impact Black women [19,20].

The carcinogenic properties of tobacco smoke are well known. Though smoking is
more strongly associated with cancers of the mouth, throat, and lungs, it is also a risk
factor for breast cancer, particularly among women who started smoking at a young age
or before carrying a pregnancy to term [16,17]. Smoking is a risk factor for luminal breast
cancer in particular, and there is some evidence that that risk is especially elevated for Black
women [21]. Further, another study found that though race and class were not a predictor
of tobacco spending, vulnerable populations may experience worse breast cancer outcomes
attributed to tobacco addiction than others [22].

Environmental pollutants and toxic exposures account for between 7% and 19% of
the world’s cancer cases [16,23]. Exposures to toxic substances in the air, in the water,
and through industrial agricultural pesticides contribute significantly to those figures, and
there is burgeoning evidence that people of color are disproportionately impacted by those
exposures [24]. There is a broad array of chemical compounds in common household
products that are of concern for breast cancer preventionists, including: bisphenol A
(BPA); heavy metals, such as cadmium; polybrominated diphenyl ethers (PBDEs, AKA
flame retardants); phthalates; alkylphenols; per- and polyfluoroalkyls (PFAs); pesticides;
herbicides; solvents; aromatic amines; and parabens [16]. There are various mechanisms by
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which these compounds may increase breast cancer risk, including endocrine disruption,
promotion of tumor growth, and adverse epigenetic impacts. There is an emerging body of
evidence to suggest that people of color are exposed to carcinogens in consumer products
more frequently and in higher doses than whites [25,26].

Ionizing radiation is a risk factor for various cancers, including breast cancer, and a
common mechanism of exposure is in medical imaging, such as CT scans and X-rays [16].
One area of potential concern regarding racial disparities in breast cancer incidence is that,
though Black women are less likely to receive testing for BRCA1/2 mutations, exposure to
ionizing radiation through medical diagnostics was found in at least one study to increase
risk of breast cancer by 90% among women with that mutation [27].

Occupational factors may relate with breast cancer incidence and outcomes through
numerous possible mechanisms, including: “chemical exposure; stress, including around
job security and fair wages, threats or acts of sexual and physical violence, and lack of
power to advocate for oneself; challenges with time and accommodation for breastfeeding;
light-at-night exposure; and many other issues” [16] (p. 204). These factors are of particular
concern for women of color, who likely experience added stressors related to discrimination
which may exacerbate their deleterious effects [28,29].

Though the biological mechanisms linking breast cancer and diet are not well under-
stood, the extant literature indicates that diet can function both as a risk factor and as a
protective factor for breast cancer. Though some conflicting findings complicate the picture,
the bulk of relevant studies show a positive association between consumption of red and
processed meat and breast cancer [30–32]. A recent meta-analysis also found a positive
association between adolescent fat intake and breast cancer risk later in life [33].

On the other hand, the preponderance of scientific evidence suggests that healthy
eating habits, such as the Mediterranean diet, have a protective effect against breast cancer,
and improve overall health [16]. Due to the relatively lower quality of food sources in low-
income communities of color, these diet-related risk factors may contribute significantly to
disparities [34].

A recent meta-analysis including 13,907 breast cancer cases from 27 studies on the
relationship between breastfeeding and breast cancer found that there was an inverse
association between the two, with longer breastfeeding duration related with lower relative
risk compared with shorter duration (RR = 0.471, 95% CI, 0.368–0.602) [35]. At the same
time, one California based study found that Black women are less likely to exclusively
breastfeed their infants than white women [36]. This may be related to the fact that
Black women are more likely to be employed in occupations with little to no flexibility or
support services for new mothers, such as paid family leave, or experience other structural
impediments related to discrimination that make breastfeeding more difficult.

Vigorous physical activity is another likely protective factor against breast cancer [15,16].
These effects have been observed in studies that focused on Black women specifically [37,38].
There are reasons to believe, however, that women of color may have lower levels of
physical activity, and that this disparity in activity can be explained by the fact that they
disproportionately experience structural and logistical barriers to physical activity, such as
unsafe neighborhoods and a lack of access to greenspace [39–41].

There is some evidence to suggest that vitamin D deficiency may be related to breast
cancer disparities. In one study, low levels of vitamin D were associated with an elevated
risk of breast cancer of 23% in Black women [42]. Black women are at elevated risk of
triple negative breast cancer, a particularly aggressive subtype, and are 10 times more likely
to experience vitamin D deficiency than white women. This has led some researchers to
suggest that some of that elevated risk may be attributable to vitamin D deficiency [43].

2.2. The Role of Social Determinants

Williams et al. note that though both racial discrimination and racial breast cancer
disparities are well documented, the mechanisms that link discrimination to disparities are
not well understood [3]. There are numerous plausible ways to begin tying the individual
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risk and protective factors together with discrimination into a coherent theoretical frame-
work of racial breast cancer disparities. We briefly outline and assess several possibilities
below. Though they are presented separately here, the causal mechanisms are not truly
separable. In reality, they are deeply interconnected.

At the individual level, the positive association between low SES and disease does not
generally hold for breast cancer, but striking patterns emerge when examining incidence,
severity of breast cancer subtype, race/ethnicity, and SES together [3,44,45]. Discrimination
can be understood as a stressor, and there is burgeoning research examining the impact
of this specific type of stress as it relates to overall health. For example, experiences of
discrimination have been linked to poorer health, and higher levels of biological and
behavioral indicators of disease risk, such as inflammation, obesity, and smoking [46,47].

Further, there is a growing body of literature demonstrating the neurobiological
impacts of stress and trauma in early life, including methylation of the nuclear receptor 3C1,
“the gene that codes for the glucocorticoid receptor on the hypothalamic-pituitary-adrenal
axis” [3] (p. 2141). Increased methylation in this nuclear receptor “represents a unique
record of past adverse psychosocial experience,” and has been shown to be associated
with numerous negative health outcomes, including breast cancer [3] (p. 2141). Further,
Geronimus et al. put forth the concept of weathering to encapsulate the effect of chronic
stressors experienced by Black women in America [28,29]. One example of this effect is
reflected in a process of accelerated aging. By measuring telomere length, Geronimus and
colleagues were able to determine that, compared with white women, Black women in their
sample were biologically 7.5 years older on average. Another key concept related to stress
across the life course is allostatic load, a biological measure of overall wear and tear on the
body due to stress. As Williams et al. put it: “the concept of allostatic load has been used to
capture the biological dysregulation across multiple physiological systems that result from
the cumulative burden of repeated stressors” [3] (p. 2141). Allostatic load has been found
in multiple studies to be higher in people of color than among whites, and to be associated
with poor health [29].

Place of residence impacts breast cancer risk significantly. In a recent systematic review
of 17 studies focusing on racial residential segregation and cancer disparities, 70% of studies
showed a statistically significant association between segregation and health disparities.
The authors state: “residing in segregated African-American areas was associated with
higher odds of later-stage diagnosis of breast and lung cancers, higher mortality rates and
lower survival rates from breast and lung cancers, and higher cumulative cancer risks
associated with exposure to ambient air toxins” [48] (p. 1195). Racial residential segregation
also ensures that place-based risk factors are inequitably distributed by race. Given that
individual and environmental exposures to breast cancer risk factors are impacted by
place of residence, it is plausible that the disparities in incidence, care, and outcomes
outlined by Landrine et al. are the result of the differential distribution of these exposures
between segregated neighborhoods [48]. Again, though these myriad factors are presented
separately above, the upstream contributors to breast cancer disparities are not actually
separable in reality.

The treatment above is not nearly complete, as it only alludes to a system of racial
inequity, discrimination, and disparity that has deep historical roots and implications for
nearly every domain in which health and welfare can be measured. Though there are
many plausible mechanisms by which racial breast cancer disparities may arise, empirical
investigation into those mechanism is in its early stages. For example, questions remain
regarding the linkages between socioeconomic factors such as labor market opportunity,
educational access, and credit access, indicators of health risk such as high allostatic load,
and breast cancer risk. It is clear, however, that the impacts of both historical and ongoing
racial discrimination are pervasive and highly interrelated. The high degree of interrela-
tion between possible causes complicates matters for researchers seeking a parsimonious
explanatory model, and interventionists seeking a small number of variables on which to
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focus programs. A clearer understanding of these causes and their interrelationships could
aid in efforts to prevent breast cancer, and reduce disparities.

3. How Systems Thinking Can Identify Leverage Points

Arising out of the biological sciences, with applications across a broad range of fields,
including economics, bioinformatics, meteorology, and others, systems theory is designed
to model complex, interrelated networks of component subsystems. It may therefore prove
useful in developing conceptual models to explain the complex and highly interrelated
causes of breast cancer disparities, and to clarify why those disparities have thus far
proven resistant to intervention. Most discussions of breast cancer disparities and other
health inequities are confined to the healthcare or public health systems, and stop short of
articulating the broader, more fundamental problem of systemic racism that contributes
to inequities across a diverse array of outcomes. In the following section, we will outline
a framework for research and intervention in breast cancer disparities that is explicitly
informed by an acknowledgement of the interlinked nature of disparities across multiple
domains, including large-scale policy frameworks, local-level social and environmental
factors, and the biological sequelae of discrimination [4].

Much like racial breast cancer disparities themselves, the biological and social contrib-
utors underlying those disparities do not arise in a vacuum, but out of a long history of
systemic racism and discrimination. There are significant disparities between Black and
white Americans in the criminal justice system, including policing practices, incarceration,
and jury participation, which have been linked not only to explicit legal discrimination,
but also to implicit bias [49]. Residential segregation, which persists today despite no
longer having the force of law, is a significant driver of negative outcomes across numer-
ous domains, including health, through its impact on educational access, employment
opportunities, and exposure to environmental hazards [7].

Systemic racism, and racial residential segregation in particular, also ensure the in-
equitable distribution of each of the risk and protective factors for breast cancer outlined
above. For example, place of residence impacts the quality of available foods, exposure to
environmental toxins through residential and occupational sources, likelihood of tobacco
and alcohol use, and opportunities for physical activity (through access to safe outdoor
spaces) [15,22,35,40–42,50–52]. Further, though socioeconomic status, education, and em-
ployment status are each associated with both race and health outcomes, racial disparities
in health outcomes persist even among Black Americans who are high SES, highly educated,
and gainfully employed [53]. This suggests that racism contributes independently to health
disparities over and above the effects of these mediators.

There is increasing scholarly and scientific consensus that racism itself is a fundamental
cause of health disparities. Yearby argues that the social determinants of health framework
articulated in Healthy People 2020 is insufficient precisely because it does not give a primary
place to racism as an upstream factor contributing to all other social determinants [6].
Williams et al. provide an overview of the social context of breast cancer disparities
among Black women, outlining the burgeoning body of research on the biological effects
of discrimination which ultimately lead to elevated breast cancer risk [3]. Reskin gives a
broad outline of racial discrimination in American society, and makes a compelling case
that each of the subsystems in which disparities exist are connected by the broader system
of racism within which they are situated [4]. According to her model, racial disparities in
outcomes across numerous domains are the result of a single, integrated system of racial
discrimination. She argues that ad hoc, sector-specific interventions to reduce disparities
will likely fail to disrupt the systemic equilibrium that maintains inequity due to the
systemic property of robustness. This literature indicates that, in order for racial breast
cancer disparities to be eliminated, researchers, policymakers, and interventionists must
address racism as a system. In the following section, we will introduce key concepts from
systems theory, and discuss ways in which they can be used as tools to reconceptualize
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racial breast cancer disparities in light of the system of racial discrimination within which
they arise.

3.1. Emergence

Established systems exhibit the property of emergence. In a network of interrelated
subsystems, the system as a whole will begin to exert an influence over and above the
sum of the additive effects of those component subsystems. As Reskin explains, within
the race discrimination system, this means that, in addition to the effects of individual
experiences of discrimination and explicitly traceable instances of institutional racial bias,
the system of racial discrimination itself exerts influence in maintaining the equilibrium
of racial disparity [4]. In other words, the interrelationships, or feedback loops, between
factors like Adverse Childhood Experiences (ACEs) and childhood poverty, environmental
exposures, and healthcare quality and access, produce effects all of their own, independent
of those exerted by each subsystem individually. With regard to breast cancer specifically,
it is possible that the interactive effects between tobacco use, poor diet, and low physical
activity result in a greater increase in breast cancer risk than the additive effects of each risk
factor would indicate. These behavioral risk factors may also interact with the effects of
ACEs to further increase breast cancer risk. Given the disproportionate impact of each of
these environmentally conditioned risk factors on Black women, breast cancer disparities
between Black and white women may be understood as an emergent effect of systemic
racism, operationalized through racial residential segregation. Such emergent effects are
generally robust to changes in a given subsystem.

3.2. Robustness

Established systems exhibit the property of robustness. This means that systems tend
toward a state of equilibrium, and that that state of equilibrium will generally persist even
in the face of significant disruptions within individual subsystems. The emergent effects of
the system as a whole will ensure that the equilibrium is reasserted. In the case of racial
disparities, this may explain the resistance of disparities to targeted interventions [4]. For
example, a bias-reduction intervention targeting the healthcare subsystem that does not
address risk factors related to chemical exposure, physical activity, or ACEs may not disrupt
systemic equilibrium sufficiently to significantly reduce disparities. This is, in part, due to
the fact that each of these subsystems is related to the others in complex ways.

3.3. Complexity

In systems theory, complexity is a formal designation which refers to a system in which
there are a large number of component subsystems, and a large degree of interrelatedness
between those component subsystems [54]. In the study of racial disparities in breast
cancer, there are several layers of complexity: (1) the complexity of the problem itself;
(2) the complexity of the interconnected web of causes that contribute to the problem;
and (3) the complexity of the tasks associated with researching and intervening on the
problem. For example, as mentioned above, behavioral risk factors, such as smoking, diet,
and physical activity, may interact with one another in producing breast cancer risk. At
the same time, they may also interact with social environmental exposures (i.e., violence,
ACEs), or residential and occupational exposures to endocrine disrupting substances. Each
of these layers of complexity contributes to breast cancer risk and to the intransigence of
disparity. As mentioned above, complexity can pose a challenge for researchers and for
interventionists, as parsimonious explanatory models and predictable results are difficult
to achieve.

3.4. Leverage Points

In the context of complex systems, a full representation of all subsystems and all
their interrelationships would yield a model insufficiently parsimonious for practical
use. We propose that researchers, policymakers, and interventionists should conduct a
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critical review of the complex relationships between upstream causes of breast cancer
and racial breast cancer disparities to identify systemic leverage points. Drawing on
Reskin, we define leverage points as systemic nodes (or subsystems) where multiple
other subsystems intersect, modifications in which have the potential to exert significantly
amplified effects across the entire system [4]. As long as interventions to reduce racial
breast cancer disparities confine themselves to only one or two subsystems within the
broader context of racial inequity, the systemic quality of robustness will likely result in
the reassertion of equilibrium, and the persistence of disparity. In contrast, intervention
approaches to racial breast cancer disparities that explicitly address leverage points have
the potential to impact numerous subsystems simultaneously and disrupt that equilibrium.
Thus, leverage points should be understood as ideal areas of intervention and research.

Place as a Leverage Point in The System of Racial Discrimination

As Williams et al. state, “Residential segregation has been identified as a leverage point
or fundamental causal mechanism by which institutional racism creates and sustains racial
economic inequities” [5] (p. 117). Despite much intervention, residential racial segregation
continues to be pervasive in the US. It should be noted, however, that racially homogenous
communities are not innately problematic. Rather, the problem is that segregation is
driven by racism. Racism has been defined as, “an organized societal system in which the
dominant racial group uses its power to devalue, disempower, and differentially allocate
societal resources and opportunities to groups defined as inferior” [55] (p. 2). For example,
the Plessy v. Ferguson decision is correctly derided for upholding the constitutionality
of segregation, and for maintaining the fiction that there could be “separate but equal”
facilities for Black and white Americans. This decision was unjust precisely because of
the reality that communities in which Black Americans lived, and their accompanying
infrastructure, suffered from radical, intergenerational economic deprivation and social
oppression. The consequences of that deprivation persist to this day, and they include
disparities in health.

Given that residential segregation has facilitated the production of disparate health
outcomes, “place” is of central importance in shaping health trajectories of individuals
and communities. The relationship between place, race, and breast cancer is already the
subject of attention from health scientists and interventionists. State level authorities and
researchers are actively working to understand and address racism, social and environmen-
tal exposures, and inequities in community infrastructure, based on the understanding that
each of these represent critical upstream factors that condition the distribution of an array
of other risk factors for breast cancer [16,56]. In fact, racism has significant detrimental
effects on economic development, physical infrastructure, and the social environment in
communities of color. Therefore, programs that address residential segregation and identify
place as a key leverage point will have the advantage of addressing each of these areas
at once. Experiences of discrimination occur within the social and spatial context of the
communities and workplaces within which people of color live, and these communities
and workplaces disproportionately play host to the many risk factors related to social and
physical environments outlined above. We argue that place is a systemic leverage point
through which numerous other subsystems exert a deleterious effect on communities of
color, and contribute to breast cancer disparities. Though this framing is by no means
comprehensive, it does suggest that the effectiveness of efforts to reduce disparities could
potentially be maximized through a focus on place, since it is a modifiable point at which
all of the other systems intersect.

4. Directions for Future Research

There are three major areas of research that could help further the work of harnessing
the power of place to reduce racial disparities in breast cancer. First, research is needed
that traces the full causal pathway between the environment (both social and physical)
and breast cancer outcomes. Second, further research is needed in the design and im-
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plementation of community-based (or place-based) intervention frameworks to address
the upstream factors that contribute to racial breast cancer disparities in residentially seg-
regated communities. Third, research should be conducted to explore the relationships
between racial discrimination and other forms of discrimination as they pertain to breast
cancer disparities.

Though a significant and growing body of literature traces the associations between
numerous social, environmental, and biological factors and breast cancer incidence, the
causal mechanisms that underlie the observed associations are often not well understood.
For instance, though studies near uniformly show a positive association between breast
density and breast cancer risk, the biological mechanism through which this association is
operationalized is unknown [17]. It is possible that there is a confounding effect exerted by
environmental factors associated with both breast density and breast cancer risk. Further,
between and among the broad array of factors that are known to be associated with breast
cancer risk, there are complex interrelationships that make rigorous assessment of a single
causal mechanism extremely difficult. For example, communities of color tend to have
lower SES than white communities. In those communities, risks of exposure to carcinogenic
substances tends to be elevated, access to safe outdoor spaces conducive to physical activity
is more limited, and quality foods are harder to come by [16,25,35,40–42].

There is a need to better understand how social factors, such as explicit and implicit
discrimination, SES, occupational exposures, and access to nutrition, interact with factors
in the built environment, such as chemical and other environmental exposures, light at
night, and accessibility of green space, to exert influence on human physiology in ways
that elevate breast cancer risk [16]. In turn, we must explore further how racial differences
in the distribution of allostatic load, adverse epigenetic changes in the HPA axis, and
endocrine disruption stemming from environmental stressors and exposures relate to racial
disparities in breast cancer incidence and outcomes [5,49,50]. Given the elevated impact of
certain environmental exposures on breast cancer risk during critical developmental phases
early in life, intervening in the social and built environment is particularly promising
for breast cancer prevention over the long term [16]. However, empirical investigation is
needed to explore which environmental exposures drive breast cancer disparities, and what
intervention approaches would be effective in reducing the risk they represent. Overall,
more research is urgently needed on the ways in which social factors, such as poverty and
violence, interact with correlated environmental exposures, such as industrial pollutants
and residential chemical exposures, to influence breast cancer incidence in women of
color. Tracing the full causal pathway from environment to incidence could inform the
development of targeted multilevel programs to disrupt the equilibrium of the system of
racial disparity.

According to Williams et al., “we lack the empirical evidence to identify which mecha-
nisms of segregation (e.g., educational opportunity, labor market, housing quality) should
be tackled first, would have the largest impact, and is most likely to trigger ripple effects
to other pathways” [5] (p. 117). Several types of research endeavors could further this
work, and systems thinking can be applied at numerous levels. For example, though we
argue in this paper that, in the broader system of racial breast cancer disparities, “place”
functions as a leverage point, it is possible to use the same process to identify other leverage
points. Further, if “place” is selected as the key leverage point, and a specific community
of practice is identified, there are likely further leverage points that should be identified
within that community which function as highly interconnected nodes through which
multiple subsystems exert influence on breast cancer disparities. These community-based
leverage points may be community centers, health centers, the transportation system, the
labor market, municipal authorities, or any number of other possibilities. Identifying these
leverage points will require significant input from community stakeholders who can act as
experts on the specific strengths and challenges of that community.

One possible area of research would therefore engage community stakeholders in the
development of community-specific concept maps of key systemic interrelationships to
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identify leverage points, whereas another would pilot interventions informed by these maps
to coordinate community efforts toward addressing those leverage points. When promising
intervention frameworks are available, larger implementation studies should be carried out
to determine the most effective strategies to ensure program adoption, fidelity, sustainment,
and effectiveness [57]. Overall, a robust body of literature is needed that explores the
complex interrelationships of subsystems contributing to breast cancer disparities, and
tests the efficacy of place-based interventions to address key leverage points.

Though the focus of this discussion has been on racial discrimination as a determinant
of breast cancer disparities, a third area of needed research would explore the intersectional
relationships between racial discrimination and other forms of discrimination. For example,
gender discrimination has been shown to be negatively associated with mammography
screening, and it is plausible that this reduction in screening may disproportionately
impact Black women [58]. Therefore, further research should be conducted exploring the
intersectional impacts of racial and gender discrimination, and particularly the possible
moderating impact of gender discrimination on the relationship between racism and
breast cancer screening behaviors. This research may harness the power of place through
community engagement approaches similar to those outlined under research areas one and
two above.

5. Application to Breast Cancer Prevention

Eliminating racial breast cancer disparities will require significant community in-
vestment and coordinated efforts across multiple systems to prevent breast cancer in
communities of color. The upstream causes of disparities are tied to place, and these efforts
will need to be guided by community stakeholders to address community-specific concerns.
In this paper, we provide a conceptual framework for one approach to harness the power of
place to reduce breast cancer disparities. The potential applications of systems theory, and
related leverage points, to breast cancer prevention are numerous. Traditional approaches
tend to ignore these interrelationships in favor of linear models that are perceived to be
more parsimonious and actionable. However, they often obfuscate the reality that emergent,
systemic effects maintain the equilibrium of disparity, even in the face of significant invest-
ment in interventions targeting subsystems. Given that the various subsystems that make
up the causal foundations of racial breast cancer disparities are spread across a diverse
array of interrelated domains of practice and expertise, we argue that efforts to reduce these
disparities should: (1) engage stakeholders across multiple sectors (subsystems), especially
community members; (2) be informed by appropriate concept maps of the complex systems
at play in the specific community; and (3) represent a coordinated effort across these sectors
to address key leverage points at which multiple subsystems intersect.

If we are to offset the negative effects of systemic racism to reduce and ultimately
eliminate racial inequities in health broadly, and breast cancer specifically, there must be
a greater focus on creating “communities of opportunity” [55]. This term describes “the
transformation of local communities (that had been historically disadvantaged because of
racism and its related systematic under-investments), into places that provide opportunities
in education, labor markets, housing markets, credit markets, health care and all other
domains that drive well-being” [55] (p. 3). If investments are made to restructure place
to provide equitable access to opportunities and resources, outcomes related to health
and well-being will improve, disparities will be reduced, and a positive trajectory toward
equitable outcomes can be established. An effective place-based initiative should focus
on changing the systems to prioritize the provision of opportunities and resources that
shape health and well-being to better serve the population. Such initiatives may include
efforts aimed at early childhood development, improving neighborhood environments
and housing conditions, reducing childhood poverty, enhancing income and employment
opportunities, and access to high quality health care. Though any successful effort will
require significant community investment, the costs should be offset by the fact that in-
terventions on the upstream factors contributing to breast cancer disparities are likely to
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have a positive impact on health and welfare across multiple other domains, including
cardiovascular and mental health, crime and violence, and overall quality of life. It is possi-
ble, through a process of strategic and sustained investment in historically marginalized
communities, that intergenerational deprivation may be permanently eliminated, and the
resultant disparities significantly reduced.

Finally, it should be noted that marginalized communities are not monolithic, and
there is significant heterogeneity both between and among the various communities who
experience health disparities. Taking a place-based, community-engaged approach to breast
cancer prevention is therefore advantageous, given that it will allow for the development
of research questions and intervention strategies that address the specific strengths and
challenges of each community. Though much of the focus in this essay has been on racial
breast cancer disparities between Black and white women, the methods outlined here have
significant applicability in the task of eliminating disparities in Latinx, indigenous, and
other racial/ethnic populations.

Author Contributions: Conceptualization, M.J.L., S.F.P., R.L. and R.C.B.; methodology, M.J.L., S.F.P.,
R.L. and R.C.B. writing—original draft preparation, M.J.L., S.F.P., R.L. and R.C.B.; writing—review
and editing, M.J.L., S.F.P., R.L. and R.C.B. All authors have read and agreed to the published version
of the manuscript.

Funding: Support for this work was provided in part by the National Cancer Institute (number
P50CA244431) and the Centers for Disease Control and Prevention (number U48DP006395). The
findings and conclusions in this paper are those of the authors, and do not necessarily represent the
official positions of the National Institutes of Health or the Centers for Disease Control and Prevention.
This manuscript was also supported by the CDC cooperative agreement [5 U48DP006393-03-00]. The
contents do not necessarily represent the official views of CDC/HHS.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Acknowledgments: The authors thank the Local-Level Social Needs and Breast Cancer Strategic
Advisory Group.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Daly, B.; Olopade, O.I. A perfect storm: How tumor biology, genomics, and health care delivery patterns collide to create a racial

survival disparity in breast cancer and proposed interventions for change. CA Cancer J. Clin. 2015, 65, 221–238. [CrossRef]
2. DeSantis, C.E.; Fedewa, S.A.; Goding Sauer, A.; Kramer, J.L.; Smith, R.A.; Jemal, A. Breast cancer statistics, 2015: Convergence of

incidence rates between black and white women. CA Cancer J. Clin. 2016, 66, 31–42. [CrossRef]
3. Williams, D.R.; Mohammed, S.A.; Shields, A.E. Understanding and effectively addressing breast cancer in A frican A merican

women: Unpacking the social context. Cancer 2016, 122, 2138–2149. [CrossRef] [PubMed]
4. Reskin, B. The race discrimination system. Annu. Rev. Sociol. 2012, 38, 17–35. [CrossRef]
5. Williams, D.R.; Lawrence, J.A.; Davis, B.A. Racism and health: Evidence and needed research. Annu. Rev. Public Health 2019, 40,

105–125. [CrossRef] [PubMed]
6. Yearby, R. Structural racism and health disparities: Reconfiguring the social determinants of health framework to include the root

cause. J. Law Med. Ethics 2020, 48, 518–526. [CrossRef] [PubMed]
7. Williams, D.R.; Collins, C. Racial Residential Segregation: A Fundamental Cause of Racial Disparities in Health. Public Health Rep.

2001, 116, 404–416. [CrossRef]
8. Rivkin, S.G. Residential segregation and school integration. Sociol. Educ. 1994, 67, 279–292. [CrossRef]
9. Amirikia, K.C.; Mills, P.; Bush, J.; Newman, L.A. Higher population-based incidence rates of triple-negative breast cancer among

young African-American women: Implications for breast cancer screening recommendations. Cancer 2011, 117, 2747–2753.
[CrossRef]

10. Schneider, E.C.; Zaslavsky, A.M.; Epstein, A.M. Racial disparities in the quality of care for enrollees in Medicare managed care.
JAMA 2002, 287, 1288–1294. [CrossRef]

11. Hershman, D.; McBride, R.; Jacobson, J.S.; Lamerato, L.; Roberts, K.; Grann, V.; Neugut, A. Racial disparities in treatment and
survival among women with early-stage breast cancer. J. Clin. Oncol. 2005, 23, 6639–6646. [CrossRef] [PubMed]

12. Ademuyiwa, F.O.; Edge, S.B.; Erwin, D.O.; Orom, H.; Ambrosone, C.B.; Underwood, W. Breast Cancer Racial Disparities:
Unanswered Questions. Cancer Res. 2011, 71, 640. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21271
http://doi.org/10.3322/caac.21320
http://doi.org/10.1002/cncr.29935
http://www.ncbi.nlm.nih.gov/pubmed/26930024
http://doi.org/10.1146/annurev-soc-071811-145508
http://doi.org/10.1146/annurev-publhealth-040218-043750
http://www.ncbi.nlm.nih.gov/pubmed/30601726
http://doi.org/10.1177/1073110520958876
http://www.ncbi.nlm.nih.gov/pubmed/33021164
http://doi.org/10.1016/S0033-3549(04)50068-7
http://doi.org/10.2307/2112817
http://doi.org/10.1002/cncr.25862
http://doi.org/10.1001/jama.287.10.1288
http://doi.org/10.1200/JCO.2005.12.633
http://www.ncbi.nlm.nih.gov/pubmed/16170171
http://doi.org/10.1158/0008-5472.CAN-10-3021
http://www.ncbi.nlm.nih.gov/pubmed/21135114


Int. J. Environ. Res. Public Health 2022, 19, 632 12 of 13

13. Albain, K.S.; Unger, J.M.; Crowley, J.J.; Coltman, C.A.; Hershman, D.L. Racial Disparities in Cancer Survival Among Randomized
Clinical Trials Patients of the Southwest Oncology Group. J. Natl. Cancer Inst. 2009, 101, 984–992. [CrossRef] [PubMed]

14. Grann, V.; Troxel, A.B.; Zojwalla, N.; Hershman, D.; Glied, S.A.; Jacobson, J.S. Regional and racial disparities in breast cancer-
specific mortality. Soc. Sci. Med. 2006, 62, 337–347. [CrossRef]

15. McLoughlin, G.M.; Wiedenman, E.M.; Gehlert, S.; Brownson, R.C. Looking beyond the Lamppost: Population-Level Primary
Prevention of Breast Cancer. Int. J. Environ. Res. Public. Health 2020, 17, 8720. [CrossRef] [PubMed]

16. Buermeyer, N.; Engel, C.; Nudelman, J.; Rasanayagam, S.; Sarantis, H. Paths to Prevention: California Breast Cancer Primary
Prevention Plan; Breast Cancer Prevention Partners: San Francisco, CA, USA, 2020.

17. Institute of Medicine. Breast Cancer and the Environment: A Life Course Approach; National Academies Press: Washington, DC, USA,
2012; ISBN 978-0-309-22069-9.

18. Clinton, S.K.; Giovannucci, E.L.; Hursting, S.D. The World Cancer Research Fund/American Institute for Cancer Research Third
Expert Report on Diet, Nutrition, Physical Activity, and Cancer: Impact and Future Directions. J. Nutr. 2020, 150, 663–671.
[CrossRef] [PubMed]

19. Akinyemiju, T.; Wiener, H.; Pisu, M. Cancer-related risk factors and incidence of major cancers by race, gender and region;
analysis of the NIH-AARP diet and health study. BMC Cancer 2017, 17, 597. [CrossRef] [PubMed]

20. Williams, L.A.; Olshan, A.F.; Hong, C.C.; Bandera, E.V.; Rosenberg, L.; Cheng, T.Y.D.; Lunetta, K.L.; McCann, S.E.; Poole, C.;
Kolonel, L.N.; et al. Alcohol Intake and Breast Cancer Risk in African American Women from the AMBER Consortium. Cancer
Epidemiol. Biomark. Prev. 2017, 26, 787–794. [CrossRef]

21. Butler, E.; Tse, C.K.; Bell, M.; Conway, K.; Olshan, A.; Troester, M.; Butler, E.N.; Bell, M.E.; Olshan, A.F.; Troester, M.A. Active
smoking and risk of Luminal and Basal-like breast cancer subtypes in the Carolina Breast Cancer Study. Cancer Causes Control
2016, 27, 775–786. [CrossRef]

22. Klassen, A.C.; Pankiewicz, A.; Hsieh, S.; Ward, A.; Curriero, F.C. The association of area-level social class and tobacco use with
adverse breast cancer characteristics among white and black women: Evidence from Maryland, 1992–2003. Int. J. Health Geogr.
2015, 14, 13. [CrossRef]

23. World Health Organization. Global Health Risks: Mortality and Burden of Disease Attributable to Selected Major Risks; World Health
Organization: Geneva, Switzerland, 2009; ISBN 1-282-45622-9.

24. Clark, L.P.; Millet, D.B.; Marshall, J.D. Changes in Transportation-Related Air Pollution Exposures by Race-Ethnicity and
Socioeconomic Status: Outdoor Nitrogen Dioxide in the United States in 2000 and 2010. Environ. Health Perspect. 2017, 125, 097012.
[CrossRef]

25. Bullard, R.D.; Johnson, G.S.; Torres, A.O. Environmental Health and Racial Equity in the United States: Building Environmentally Just,
Sustainable, and Livable Communities; American Public Health Association: Washington, DC, USA, 2011; ISBN 978-0-87553-007-9.

26. Ye, X.; Wong, L.; Zhou, X.; Calafat, A.M. Urinary Concentrations of 2,4-Dichlorophenol and 2,5-Dichlorophenol in the U.S.
Population (National Health and Nutrition Examination Survey, 2003–2010): Trends and Predictors. Environ. Health Perspect.
2014, 122, 351–355. [CrossRef]

27. Pijpe, A.; Andrieu, N.; Easton, D.F.; Kesminiene, A.; Cardis, E.; Noguès, C.; Gauthier-Villars, M.; Lasset, C.; Fricker, J.P.;
Peock, S.; et al. Exposure to diagnostic radiation and risk of breast cancer among carriers of BRCA1/2 mutations: Retrospective
cohort study (GENE-RAD-RISK). BMJ 2012, 345, 14. [CrossRef]

28. Geronimus, A.; Hicken, M.; Pearson, J.; Seashols, S.; Brown, K.; Cruz, T. Do US Black Women Experience Stress-Related
Accelerated Biological Aging? Hum. Nat. 2010, 21, 19–38. [CrossRef]

29. Geronimus, A.T.; Hicken, M.; Keene, D.; Bound, J. “Weathering” and age patterns of allostatic load scores among Blacks and
Whites in the United States. Am. J. Public Health 2006, 96, 826–833. [CrossRef]

30. Behrens, G.; Gredner, T.; Stock, C.; Leitzmann, M.; Brenner, H.; Mons, U. Cancers Due to Excess Weight, Low Physica Activity, and
Unhealthy Diet: Estimation of the Attributable Cancer Burden in Germany. Dtsch. Aerzteblatt Int. 2018, 115, 578–585. [CrossRef]

31. Inoue-Choi, M.; Sinha, R.; Gierach, G.L.; Ward, M.H. Red and processed meat, nitrite, and heme iron intakes and postmenopausal
breast cancer risk in the NIH-AARP Diet and Health Study. Int. J. Cancer 2016, 138, 1609. [CrossRef]

32. Wang, Y.; Gapstur, S.M.; Gaudet, M.M.; Furtado, J.D.; Campos, H.; McCullough, M. Plasma carotenoids and breast cancer risk in
the Cancer Prevention Study II Nutrition Cohort. Cancer Causes Control 2015, 26, 1233–1244. [CrossRef]

33. Mahabir, S. Association Between Diet During Preadolescence and Adolescence and Risk for Breast Cancer During Adulthood. J.
Adolesc. Health 2013, 52, S30–S35. [CrossRef]

34. Havewala, F. The dynamics between the food environment and residential segregation: An analysis of metropolitan areas. Urban
Food Policies Sustain. Just Future 2021, 103, 102015. [CrossRef]

35. Zhou, Y.; Chen, J.; Li, Q.; Huang, W.; Lan, H.; Jiang, H. Association between breastfeeding and breast cancer risk: Evidence from a
meta-analysis. Breastfeed. Med. 2015, 10, 175–182. [CrossRef]

36. Breastfeed, L.A. Taking Action to Reduce Infant Feeding Inequities in Los Angeles County: Our Collective Responsibility; California
Breastfeeding Coalition: Los Angeles, CA, USA, 2019.

37. Rosenberg, L.; Palmer, J.R.; Bethea, T.N.; Ban, Y.; Kipping-Ruane, K.; Adams-Campbell, L.L. A Prospective Study of Physical
Activity and Breast Cancer Incidence in African-American Women. Cancer Epidemiol. Biomark. Prev. 2014, 23, 2522–2531.
[CrossRef] [PubMed]

38. Sheppard, V.B. Physical Activity Reduces Breast Cancer Risk in African American Women. Ethn. Dis. 2011, 21, 406–411. [PubMed]

http://doi.org/10.1093/jnci/djp175
http://www.ncbi.nlm.nih.gov/pubmed/19584328
http://doi.org/10.1016/j.socscimed.2005.06.038
http://doi.org/10.3390/ijerph17238720
http://www.ncbi.nlm.nih.gov/pubmed/33255309
http://doi.org/10.1093/jn/nxz268
http://www.ncbi.nlm.nih.gov/pubmed/31758189
http://doi.org/10.1186/s12885-017-3557-1
http://www.ncbi.nlm.nih.gov/pubmed/28854891
http://doi.org/10.1158/1055-9965.EPI-16-0792
http://doi.org/10.1007/s10552-016-0754-1
http://doi.org/10.1186/s12942-015-0007-7
http://doi.org/10.1289/EHP959
http://doi.org/10.1289/ehp.1306816
http://doi.org/10.1136/bmj.e5660
http://doi.org/10.1007/s12110-010-9078-0
http://doi.org/10.2105/AJPH.2004.060749
http://doi.org/10.3238/arztebl.2018.0578
http://doi.org/10.1002/ijc.29901
http://doi.org/10.1007/s10552-015-0614-4
http://doi.org/10.1016/j.jadohealth.2012.08.008
http://doi.org/10.1016/j.foodpol.2020.102015
http://doi.org/10.1089/bfm.2014.0141
http://doi.org/10.1158/1055-9965.EPI-14-0448
http://www.ncbi.nlm.nih.gov/pubmed/25103823
http://www.ncbi.nlm.nih.gov/pubmed/22428342


Int. J. Environ. Res. Public Health 2022, 19, 632 13 of 13

39. Bleich, S.N.; Thorpe, R.J.; Sharif-Harris, H.; Fesahazion, R.; LaVeist, T.A. Social context explains race disparities in obesity among
women. J. Epidemiol. Community Health 2010, 64, 465. [CrossRef] [PubMed]

40. Bild, D.E.; Jacobs, D.R.; Sidney, S.; Haskell, W.L.; Anderssen, N.; Oberman, A. Physical activity in young black and white women
the CARDIA study. Ann. Epidemiol. 1993, 3, 636–644. [CrossRef]

41. Taylor, W.C.; Floyd, M.F.; Whitt-Glover, M.C.; Brooks, J. Environmental Justice: A Framework for Collaboration Between the
Public Health and Parks and Recreation Fields to Study Disparities in Physical Activity. J. Phys. Act. Health 2007, 4, S50–S63.
[CrossRef]

42. Palmer, J.R.; Gerlovin, H.; Bethea, T.N.; Bertrand, K.A.; Holick, M.F.; Ruiz-Narvaez, E.N.; Wise, L.A.; Haddad, S.A.; Adams-
Campbell, L.L.; Kaufman, H.W.; et al. Predicted 25-hydroxyvitamin D in relation to incidence of breast cancer in a large cohort of
African American women. Breast Cancer Res. 2016, 18, 86. [CrossRef] [PubMed]

43. Chlebowski, R.T. Vitamin D and Breast Cancer Incidence and Outcomes. Anti-Cancer Agents Med. Chem. 2013, 13, 98–106.
[CrossRef]

44. Dunn, B.K.; Agurs-Collins, T.; Browne, D.; Lubet, R.; Johnson, K.A. Health disparities in breast cancer: Biology meets socioeco-
nomic status. Breast Cancer Res. Treat. 2010, 121, 281–292. [CrossRef]

45. Yin, D. Does socioeconomic disparity in cancer incidence vary across racial/ethnic groups? Cancer Causes Control. 2010, 21,
1721–1730. [CrossRef] [PubMed]

46. Trichopoulos, D.; Adami, H.-O.; Ekbom, A.; Hsieh, C.-C.; Lagiou, P. Early life events and conditions and breast cancer risk: From
epidemiology to etiology. Int. J. Cancer 2008, 122, 481–485. [CrossRef]

47. Lewis, T.T.; Cogburn, C.D.; Williams, D.R. Self-reported experiences of discrimination and health: Scientific advances, ongoing
controversies, and emerging issues. Annu. Rev. Clin. Psychol. 2015, 11, 407–440. [CrossRef]

48. Landrine, H.; Corral, I.; Lee, J.G.; Efird, J.T.; Hall, M.B.; Bess, J.J. Residential segregation and racial cancer disparities: A systematic
review. J. Racial Ethn. Health Disparities 2017, 4, 1195–1205. [CrossRef] [PubMed]

49. Kovera, M.B. Racial Disparities in the Criminal Justice System: Prevalence, Causes, and a Search for Solutions. J. Soc. Issues 2019,
75, 1139–1164. [CrossRef]

50. Scott, J.; Danos, D.; Collins, R.; Simonsen, N.; Leonardi, C.; Scribner, R.; Herd, D. Structural racism in the built environment:
Segregation and the overconcentration of alcohol outlets. Health Place 2020, 64, 102385. [CrossRef]

51. Jones, M.R.; Barber, J.R.; Joshu, C.E.; Platz, E.A. The Impact of Neighborhood Racial/Ethnic Residential Segregation on Tobacco
Use in the Atherosclerosis Risk in Communities (ARIC) Study. Available online: https://ehp.niehs.nih.gov/doi/10.1289/isee.20
21.P-680 (accessed on 20 December 2021).

52. Bell, J.F.; Zimmerman, F.J.; Mayer, J.D.; Almgren, G.R.; Huebner, C.E. Associations between residential segregation and smoking
during pregnancy among urban African-American women. J. Urban. Health 2007, 84, 372–388. [CrossRef] [PubMed]

53. Farmer, M.M.; Ferraro, K.F. Are racial disparities in health conditional on socioeconomic status? Soc. Sci. Med. 2005, 60, 191–204.
[CrossRef] [PubMed]

54. Kannampallil, T.G.; Schauer, G.F.; Cohen, T.; Patel, V.L. Considering complexity in healthcare systems. J. Biomed. Inform. 2011, 44,
943–947. [CrossRef] [PubMed]

55. Williams, D.R.; Cooper, L.A. Reducing Racial Inequities in Health: Using What We Already Know to Take Action. Int. J. Environ.
Res. Public. Health 2019, 16, 606. [CrossRef]

56. Haas, J.S.; Orav, J.E.; Brawarsky, P.; Keohane, M.; Earle, C.C.; Neville, B.A.; Williams, D.R. Racial segregation and disparities in
breast cancer care and mortality. Cancer 2008, 113, 2166–2172. [CrossRef]

57. Tabak, R.G.; Khoong, E.C.; Chambers, D.A.; Brownson, R.C. Bridging research and practice: Models for dissemination and
implementation research. Am. J. Prev. Med. 2012, 43, 337–350. [CrossRef]

58. Dailey, A.B.; Kasl, S.V.; Jones, B.A. Does Gender Discrimination Impact Regular Mammography Screening? Findings from the
Race Differences in Screening Mammography Study. J. Womens Health 2008, 17, 195–206. [CrossRef] [PubMed]

http://doi.org/10.1136/jech.2009.096297
http://www.ncbi.nlm.nih.gov/pubmed/20445215
http://doi.org/10.1016/1047-2797(93)90087-K
http://doi.org/10.1123/jpah.4.s1.s50
http://doi.org/10.1186/s13058-016-0745-x
http://www.ncbi.nlm.nih.gov/pubmed/27520657
http://doi.org/10.2174/187152013804487362
http://doi.org/10.1007/s10549-010-0827-x
http://doi.org/10.1007/s10552-010-9601-y
http://www.ncbi.nlm.nih.gov/pubmed/20567897
http://doi.org/10.1002/ijc.23303
http://doi.org/10.1146/annurev-clinpsy-032814-112728
http://doi.org/10.1007/s40615-016-0326-9
http://www.ncbi.nlm.nih.gov/pubmed/28039602
http://doi.org/10.1111/josi.12355
http://doi.org/10.1016/j.healthplace.2020.102385
https://ehp.niehs.nih.gov/doi/10.1289/isee.2021.P-680
https://ehp.niehs.nih.gov/doi/10.1289/isee.2021.P-680
http://doi.org/10.1007/s11524-006-9152-4
http://www.ncbi.nlm.nih.gov/pubmed/17226080
http://doi.org/10.1016/j.socscimed.2004.04.026
http://www.ncbi.nlm.nih.gov/pubmed/15482878
http://doi.org/10.1016/j.jbi.2011.06.006
http://www.ncbi.nlm.nih.gov/pubmed/21763459
http://doi.org/10.3390/ijerph16040606
http://doi.org/10.1002/cncr.23828
http://doi.org/10.1016/j.amepre.2012.05.024
http://doi.org/10.1089/jwh.2006.0257
http://www.ncbi.nlm.nih.gov/pubmed/18321171

	Introduction 
	The Fundamental Causes of Breast Cancer Disparities 
	Risk and Protective Factors for Breast Cancer 
	The Role of Social Determinants 

	How Systems Thinking Can Identify Leverage Points 
	Emergence 
	Robustness 
	Complexity 
	Leverage Points 

	Directions for Future Research 
	Application to Breast Cancer Prevention 
	References

