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ABSTRACT
In the United States, early detection methods have contributed to the reduction of overall breast
cancer mortality but this pattern has not been observed uniformly across all racial groups. A vast
body of research literature shows a set of health care, socio-economic, biological, physical, and
behavioural factors influencing the mortality disparity. In this paper, we review the modelling
frameworks, statistical tests, and databases used in understanding influential factors, and we
discuss the factors documented in the modelling literature. Our findings suggest that disparities
research relies on conventional modelling and statistical tools for quantitative analysis, and there
exist opportunities to implement data-basedmodelling frameworks for (1) exploringmechanisms
triggering disparities, (2) increasing the collection of behavioural data, and (3) monitoring factors
associated with the mortality disparity across time.
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1. Introduction

In the United States (U.S.), breast cancer (BC) is the
most common cause of death among Hispanic women
and second most common cause of death among non-
Hispanic white (NHW), African-American (AA),
Asian/Pacific Islander (API), and American
Indian/Alaska Native (AI/AN) women (CDC, n.d.).
Every year, more than a billion dollars are spent in
BC research (BCC, n.d.), and such investments have
contributed to the steady decrease in BC deaths rates
since 1989 (ACS, n.d.). Despite these advancements, BC
mortality has decreased unequally across races (Aizer et
al., 2014; Jatoi et al., 2005; Wheeler et al., 2013), which
has prompted the Department of Health and Human
Services and the American Cancer Society to set the
elimination of disparities as a national priority goal
(ACS, n.d.; DHH, n.d.).

The causes of racial disparities in BC mortality are
complex and resulting frommany factors, ranging from
those that influence the human cellular and cancer
makeup (biological), to those that characterise the so-
cial, economic, health, physical, cultural, and psycho-
logical standing of a BC patient. None of these factors
seem to individually explain, but rather interact among
with others to produce a disparity. For example, it
has been observed that the receipt of radiation therapy
significantly decreases the chances of BCmortality after
lumpectomy. However, older patients living in non-
urban areas are less likely to receive radiation ther-
apy after lumpectomy, probably due to the absence of
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adequate health services (Martinez et al., 2012). For
these older patients, their treatment, age, residential
setting, and health services are interacting to create a
distinct scenario for a possible disparity. Interventions
on some of the modifiable factors (like better provi-
sion of transportation services or improvement of the
non-urban health care infrastructure) may produce an
effect in reducing the disparity. Hence, it is important
to properly identify factors and interactions to build
meaningful evidence towards effective interventions.

There is an extensive body of literature identifying
factors and interactions that significantly contribute to
racial disparities in BC mortality. There are also meta-
analyses (Newman et al., 2002, 2006), and reviews of
the literature (Danforth, 2013; Wheeler et al., 2013)
that discuss the biological and non-biological factors
influencing disparities in BC mortality between NHW
and AAs. Meta-analyses concluded that AA ethnicity
is an independent predictor of poor outcome for BC
survival (Newman et al., 2002) even after adjusting
for age, stage, and socio-economic status (Newman et
al., 2006). Literature reviews discuss the reasons and
hypothesise the relationships among the factors from
a biological perspective (Danforth, 2013), or further
examine the role of treatment and health services in the
disparity (Wheeler et al., 2013). These reviews unan-
imously conclude that understanding the underlying
mechanisms (i.e., which factor triggers the reaction of
another factor) is key for creating effective and in-
novative policies and interventions (Danforth, 2013;
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Wheeler et al., 2013). These meta-analyses and reviews
rely on data-based models to discuss and summarise
their findings.

In this paper, our objective is to identify which tasks
are yet to be accomplished for identification of factors
and mechanisms influencing BC mortality disparities
in the United States. To accomplish this, we (1) pro-
vide a summary of the significant factors found using
data-based modelling tools, (2) conduct a review of the
models and data sources that have been used to assess
the factor effects, and (3) discuss potential research
tasks and useful modelling tools. We conducted (1)
to contextualise the interested reader in the issue of
disparities in BC mortality, and to address the lack
of summaries about ethnic groups different from AAs
and NHWs. With activities (2) and (3), we are filling
the gap of literature reviews in data-based modelling
approaches and we provide understanding on the use
of these approaches for identification of factors and
mechanisms. In what follows, we describe the methods
used to conduct the review of the literature (Section
2), report the results of the review (Section 3), provide
a discussion about research opportunities (Section 4),
and make concluding remarks (Section 5).

2. Methodology

We conducted a search of research literature published
from January 1990 to May 2016 in the MEDLINE and
PubMed databases, by independently using each of the
following Medical Subject Heading (MeSH) terms:
“Breast cancer socioeconomic”, “Breast cancer insur-
ance”, “Breast cancer disparity”, “Breast cancer dis-
parities”, and “Breast cancer income”. The keywords
used in separate searches were broad enough to yield
a wide variety of studies with no restriction of targeted
population and/or treatment, obtaining 9800 papers.
Figure 1 shows the exclusion criteria used for obtaining
the final pool of papers. Duplicates were excluded from
the pool through the review of the title. Misclassified
papers with titles unrelated to one ormore of theMeSH
terms were also excluded from the pool. The inclusion
criteria were defined as studies performed in the U.S.
testing the significance of factors influencing breast
cancer disparities in mortality after diagnosis. Publi-
cations that did not meet these requirements were ex-
cluded from the initial pool through the revision of the
title and the abstract. Two reviewers read the abstract
and verbally discussed disagreements in the inclusion.
Some papers were reviewed in their content if the title
and the abstract were missing details concerning the
inclusion criteria. This led to a final pool of 259 papers.

A teamofmedical doctors and engineers was trained
to collect relevant data from the papers by means of a
computer-based questionnaire. After the training, pa-
pers were divided into groups and assigned to a single
member of the team. The following information was

collected from each paper: (1) Modelling approaches
used to explore the influence of factors in BC mortality
disparities, (2) Data-sets used in the models, (3) Fac-
tors significantly influencing mortality outcomes, and
(4) Whether the effect of the factor was reducing or
increasing BC-specific mortality (or all-cause mortality
in the absence of evidence relating to BC mortality).

3. Results

3.1. Factors

In what follows, we discuss the factors found by the
models to be associated with BC mortality. We have
divided such factors into four categories: (1) Health
care, (2) Resource deprivation, (3) Tumour stage and
biology, (4) Comorbidities and lifestyle.

3.1.1. Health care
Screeningmammographyhas beenuniformlyused across
racial groups in the last 30 years but this behaviour has
not reduced the racial disparity in BC mortality (Aizer
et al., 2014; Van Ravesteyn et al., 2011; Wheeler et al.,
2013). Once the cancer is detected, factors associated
with health care personnel, settings, and treatments also
influence the disparity.

With the objective of improving health services, fac-
tors including type of cancer centre attended (Bradley et
al., 2003; Breslin et al., 2009; Onega et al., 2010; Roohan
et al., 1998), specialised personnel assistance and avail-
ability (Chien et al., 2015; Fisher et al., 2013), and qual-
ity of care (Wagner et al., 2012) have been studied.
Being assisted at aNationalCancer Institute-designated
centre seems to reduce the disparity in BCmortality be-
tween AAs andNHWs (Onega et al., 2010). In contrast,
patients in hospitals with large minority populations,
nursinghomes, or long-term facilities have significantly
worse survival chances than patients in other hospitals
(Bradley et al., 2003; Breslin et al., 2009). For the whole
U.S., worse mortality outcomes among AAs were ob-
tained in health districts with worse access and quality
of care (Wagner et al., 2012). Women with more than
two primary care physician (PCP) visits during 2 years
had lower odds of BC mortality compared to women
with 1 or 0 PCP visits (Fisher et al., 2013). The mor-
tality disparity is affected by the interaction between
PCP availability, population density, the presence of
Medicare beneficiaries, and socio-economic depriva-
tion (Chien et al., 2015).

A wide variety of treatments have been observed
for their associations with mortality disparity: bilateral
and unilateral mastectomy, breast-conserving surgery
(BCS), adjuvant therapy (i.e., radiotherapy, chemother-
apy, andhormone therapy), andpost-treatment surveil-
lance mammography. In general, the literature
concludes that the less timely or underused the health
care, the more the likelihood of BC mortality (Hersh-
man et al., 2006;McCarthy et al., 2006; Smith, Ziogas, &
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Figure 1. Exclusion criteria.

Anton, 2013;Wilson et al., 2007; Yood et al., 2008). For
overall treatment courses, it seems that this association
is more pronounced in AI/AN women (Wilson et al.,
2007), in youngAAswith public or no insurance, and in
patients with low socio-economic status (SES) (Smith
et al., 2013). For radiotherapy after BCS, underuse and
treatment delays have been identified in the elderly
(Celaya et al., 2006; Chagpar et al., 2008; Dragun et
al., 2011; Hershman et al., 2008; Smith et al., 2010), in
the poor/uninsured (Buchholz et al., 2006; Dragun et
al., 2011; Foley et al., 2007; McCarthy et al., 2006), in
AAs (Dragun et al., 2011; Hershman et al., 2008; Joslyn,
2002; Smith et al., 2010), and in rural/Appalachian pa-
tients for which the reach and quality of services are
scarce (Dragun et al., 2011). For chemotherapy, delay
of initiation and premature termination have been as-
sociated with AA (Fedewa et al., 2010; Hershman et al.,
2005, 2006, 2009; Nurgalieva et al., 2013b), Hispanic,
and Medicare patients (Nurgalieva et al., 2013b). In
addition, post-diagnosismammograms that are admin-
istered inconsistently have increased the number of
undetected new or recurrent breast cancers in Hispanic
patients (Smith-Gagen et al., 2013). With regard to
hormone therapy, there is evidence that non-adherence
or discontinuation is associated with higher all-cause
mortality (Hershman et al., 2011), but we could not
find evidence of mortality outcomes that were altered

in interaction or combination with race or SES. One
of the causes for non-adherence or discontinuation
was the cost of the therapy. Women who took generic
Aromatase Inhibitors (GAI) were less likely to discon-
tinue therapy compared to brand-name Aromatase In-
hibitors (BAI), as the median 30-day copayment was
higher for BAI ($33.3) than for GAI ($9.04) (Hershman
et al., 2014).

Other conclusions have been reached by comparing
observed vs ideal or baseline treatments. The study
in (Javid et al., 2014) concludes that a baseline treat-
ment of surgery, adjuvant therapy, and post-treatment
surveillance has been received by AI/AN women in
lower proportions. The authors in (Kurian et al., 2014)
demonstrate that bilateral mastectomy or BCS plus ra-
diation yields lower mortality than unilateral mastec-
tomy, but unilateral mastectomy has been observed
more frequently in Filipina and Hispanic minorities
than the other two options. Using BCS with radiation
as a baseline, the authors in (DeRouen et al., 2013)
demonstrate that AAs receiving either mastectomy or
BCS without radiation are more likely to die of breast
cancer.

3.1.2. Resource deprivation
Resource deprivation has been studied from multiple
factors, including socio-economic status, income, em-
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ployment status, insurance status, urban/rural house-
hold, educational level, poverty level, and proportion
of minorities in a residential community. Higher BC
mortality has been associated with lower SES (Feinglass
et al., 2015; Schlichting et al., 2012), lower income level
(Ansell et al., 1993; Cella et al., 1991; Komenaka et al.,
2010; Grann et al., 2006; Whitman et al., 2012), lower
salary (Kallan, 1997; O’Malley et al., 2003; Vinnakota
and Lam, 2006), Medicare/Medicaid enrollment (Yu et
al., 2014), rural household (Hall et al., 2004; Hershman
et al., 2006; Singh et al., 2011; Tian et al., 2012), and
living in areas of high poverty (Du et al., 2008; Grann et
al., 2006; Niu et al., 2010; Schootman et al., 2008). Also,
although there is considerable evidence that higher ed-
ucational attainment improves the likelihood of BC
survival (Albano et al., 2007; Cella et al., 1991; Grann
et al., 2006; Herndon et al., 2013; Kim et al., 2005a;
Sprague et al., 2011; Vinnakota & Lam, 2006), it seems
that the opposite can also be true, as higher educa-
tional attainment can reduce BC survival in patients
with more complex jobs and lifestyles (Kallan, 1997;
Okunade & Karakus, 2003).

Several resourcedeprivation factors have jointly con-
tributed to the BC mortality disparity. In a study that
includedBC and other cancer types, patients with lower
income and lower education levels had greater chances
to die of cancer (Cella et al., 1991). A more recent
study concludes that areas with low educational at-
tainment and employment, and a high proportion of
people with low paying jobs (e.g. mining, construction,
and transportation) are those with worse BC prognosis
(Vinnakota & Lam, 2006).

Race and resource deprivation have been studied
for their association with BC mortality. Using death
files of the 25 largest cities in the U.S., it was con-
cluded that median household income and the ratio
of AA/NHW local presence explained the mortality
disparity between AAs and NHWs (Whitman et al.,
2012). Enrolment in Medicaid, Medicare, public, or
no insurance also increases short-term mortality like-
lihood for AAs vs NHWs (Yu et al., 2014). In general,
patients with no insurance orMedicaid have had higher
overallmortality (Shi et al., 2015). Comparing BCdeath
rates of women living in the Mississippi Delta region
andwomen living elsewhere in theU.S., it was observed
that white rural and black urban residents are more
likely to have higher death rates than their counterparts
in other regions (Hall et al., 2004). A more recent study
concluded that SES was a stronger determinant for
patients living in metropolitan areas despite race (AA
or NHWs) (Singh et al., 2011). Among women with
invasive breast cancer, being insured and having access
to medical care does not eliminate the AA vs NHW
survival disparity (Field et al., 2005).

3.1.3. Tumour stage and biology
Tumour stage and biology may interact with social and
health systems factors to produce mortality dispari-
ties. Tumour stage describes tumour size and invasion
(i.e., localised, regional,metastasis),while biology refers
to cellular histology, tumour phenotype, and cellular
mechanisms.Worse tumour stage and biology are usu-
ally associated with a higher mortality risk (Danforth,
2013; El-Tamer, 1999; Herndon et al., 2013; Hill et
al., 2010; Maskarinec et al., 2011; Meng et al., 1997b;
Simon & Severson, 1997; Wheeler et al., 2013; Yu et
al., 2014). Compared to NHWs, AAs present a more
aggressive histology (i.e. higher likelihood of the tu-
mour spreading to regional and distant sites while still
small), earlier onset, and a more advanced stage of
presentation (Batina et al., 2013; Crowe et al., 2005;
Danforth, 2013; Edwards et al., 1998; Simon & Sever-
son, 1997;Wheeler et al., 2013; Yu et al., 2014).Hispanic
women usually present at a later stage and with more
aggressive forms of BC (Lopez et al., 2013). Asians
present a more advanced disease than non-Hispanic
white patients, but a less advanced disease than AA and
Hispanic white patients (Yi et al., 2012). An exception
among Asians are Japanese, who present a survival
advantage over non-Hispanic white and other Asian
subtypes in the localised and regional stages. Japanese
survival advantage disappears in the metastatic stage
(Yi et al., 2012).

Tumour phenotypes provide information about the
mechanisms that stimulate tumour growth. Estrogen
receptor (ER+)orprogesterone receptor (PR+) tumours
likely grow due to the action of the hormones, while
tumours producing an excess of the human epider-
mal growth factor 2 (HER2+) protein use this mech-
anism to grow. Tumours can grow due to the action of
more than one mechanism. Mortality has been found
to be significantly worse in AA women with ER+/PR+
(Zhang et al., 2014) or with ER+/PR+/HER2- (where
HER2- stands for tumours not influenced by HER2)
(Sparano et al., 2011; Wright et al., 2012). More re-
cently, there is specific evidence suggesting that AAs
with ER+/PR+/HER2- cancers in stages 2 and 3 present
a higher risk of death compared to NHWs (95% CI
hazard ratios of 1.03–1.65 and 1.10–1.75, for stages 2
and 3, respectively) (Tao et al., 2015).

Compared to NHWs, ER- tumours and ER-/PR-
/HER2- (i.e., tumours not influenced by any of the
three mechanisms) are more common in AA women
(Danforth, 2013; Sparano et al., 2011; Swede et al.,
2011; Wright et al., 2012; Yu et al., 2014). Although
some research suggests that the mortality disparity is
independent of the ER-/PR-/HER2- status (Swede et al.,
2011;Wright et al., 2012), some new evidence indicates
that ER-/PR-/HER2- in stage 3 are at a higher death risk
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compared toNHWs (Tao et al., 2015). Such knowledge
can inform policies aimed at identifying risk groups in
need of closer follow-up for treatment.

Hispanic women with a family history of breast can-
cer are more likely to develop ER- cancer compared
to NHWs (Lopez et al., 2013). However, links between
the cancer phenotypes and mortality in Hispanics have
not been found. In Asians, a recent study suggested that
Japanese patients weremore likely to be diagnosedwith
stage I disease and ER+ and PR+ tumours than patients
in the other Asian groups (Yi et al., 2012). API patients
had more ER-/PR- tumours and worse survival than
NHW and other Asian subtypes. (Yi et al., 2012).

Cellular mechanisms are major drivers of BC. Cell
proteins serve as regulators of cellular processes and
their functions are encoded by genes that can be al-
tered as a result of environmental stimuli. Well-known
proteins and genes that influence BC are the BRCA
(BReast CAncer susceptibility), which are expressed in
the breast tissue and repair chromosomal damage in
the cellularDNA. If BRCAgeneticmutations occur and
the proteins are expressed inappropriately, BC riskmay
increase. BRCA mutations seem to be prevalent across
different ethnicities, and therefore genetic testing for
these mutations is recommended for all women who
have a family or personal history of BC (Hall et al.,
2009).

Several proteins, associated genes, and gene alter-
ations (i.e., single nucleotide polymorphisms, SNPs) in-
fluence the mortality risk per ethnicity. In AA women,
increased mortality risk is influenced by the enhanced
expression of proteins p16, p53, cyclin E, cyclin A,
cyclin B, and the reduced expression of cyclin E and
RASSF1A (Danforth, 2013; Wheeler et al., 2013). The
role of these regulators in BC mortality is reviewed
in Danforth 2013 (Danforth, 2013). Researchers from
the “Breast Cancer Health Disparities Study (BCHDS)"
have performed gene extraction in a large sample of
Hispanic and (AI/AN) women confirmedwith BC. The
study analyses genes of cellular proteins that have been
previously linked to breast cancer progression since
the proteins participate in the execution of a variety
of cellular processes, including cell proliferation, dif-
ferentiation,migration, transcription regulation, devel-
opment, apoptosis, extracellular matrix remodelling,
inflammatory response, and angiogenesis. An exam-
ple from the BCHDS is the genetic analysis of inter-
leukin (IL) proteins, which have been associated with
breast cancer as they control inflammatory and anti-
inflammatory responses of the immune system. One
SNP in the IL17A genewas significantly associatedwith
breast cancer mortality and all-cause mortality among
women with greater Native American ancestry. Two
SNPs in the IL23R gene were significantly associated
with breast cancer-specific mortality among women
with lower Native American ancestry (Slattery et al.,

2014a). From the 17 publications of the Breast Cancer
Disparities Study included in this review (Boone et al.,
2014a, 2015; Connor et al., 2013, 2014, 2016a, 2016b;
Pellatt et al., 2013, 2016; Slattery et al., 2013a, 2013b,
2013c, 2014a, 2014b, 2014c, 2014d, 2015a, 2015b), 10
found genetic variations in cellular proteins that were
specifically associated with breast cancer mortality by
racial genetic ancestry (Connor et al., 2013; Pellatt et al.,
2013, 2016; Slattery et al., 2013a, 2013b, 2013c, 2014a,
2014b, 2014c, 2014d) thus providing evidence of the
significant differences in breast cancer development per
genetic ancestry. Such analyses are yet to be replicated
in patients with racial backgrounds different from AA
and Hispanic/Native American.

3.1.4. Comorbidities and lifestyle
Comorbidities that worsen the BC mortality risk in-
clude low pre-treatment haematological variables (e.g.,
hemoglobin) (Wang et al., 2015), extreme presence or
absence of body fat (Izano et al., 2014; Kwan et al.,
2014; Maskarinec et al., 2011), obesity (Connor et al.,
2016b), and diabetes (Du & Simon, 2005; Lopez et al.,
2013; Slattery et al., 2014b). AAs (but not NHWs) with
lower pre-treatment levels of haematological variables
and higher red blood cell distribution width present
an increased mortality risk (Wang et al., 2015). Asian
Americans (but not AAs, Latinas, or NHWs) with high
waist-to-hip ratio present a higher risk of breast can-
cer mortality. Underweight NHWs present a higher
breast cancer mortality risk, and this association is not
observed in AAs and Asian Americans (Kwan et al.,
2014). Also, obesity at age 30 increased BC-specific
mortality in NHWs but not in Hispanics (Connor et
al., 2016b). There exists the need for further evidence
about the effect of diabetes per racial group as the
current studies are yet few and contradictory (Lopez et
al., 2013). In general, AA patients diagnosed with triple
negative breast cancer present higher comorbidities at
diagnosis than NHWs (Swede et al., 2016).

Lifestyle factors that influence BC mortality include
vitamin C intake, total caloric intake, aspirin, tobacco,
alcohol consumption, bodymass index (BMI), andmar-
ital status (Okunade & Karakus, 2003; Slattery et al.,
2014b; Wu et al., 2013). We could find evidence of
racial differences in BC mortality for tobacco, alcohol
consumption, BMI, and marital status. In a study of
AAs and white women, tobacco smoking was found
a significant predictor of BC mortality only for the
white women (Izano et al., 2014); also, among a pool of
NHW,Hispanic, andAI/ANwomen, cigarette smoking
and a larger BMI were associated with poorer survival
among NHW women during pre-menopause. In the
same pool, greater amount and long-term alcohol con-
sumption were associated with poorer survival among
Hispanic andAI/ANwomen (Slattery et al., 2014b). For
marital status, it has been shown that married women
aremore likely to survive BC than non-married women
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(Gomez et al., 2010; Hershman et al., 2006; Meng et al.,
1997a).Having the support andmonitoring of a partner
could help women receive treatments and adhere to
them.

3.2. Models

Table 1 shows the models ranked by frequency of use.
Modelling approaches have been used for the follow-
ing purposes: (1) Bivariate statistical analyses, (2) Mul-
tivariate analyses, (3) Multilevel modelling, (4) Data
mining, and (5) Simulation of disease progression.

3.2.1. Bivariate statistical analyses
Basic statistical tests are initially used to determine the
univariate effect of a factor in a mortality outcome.
Such analyses provide direction to interpret findings in
multivariate models. Chi-square or Fisher’s exact tests
are used to compare demographic and clinical charac-
teristics across racial groups (Breslin et al., 2009; Izano
et al., 2014); t, Kruskal–Wallis, Bivariate ANOVA, and
Wilcoxon Rank Sum tests were used to determine
whether the mean, median, or cumulative number of
deaths can be significantly influenced by race (Adams
et al., 2015; Ademuyiwa et al., 2015; Ning et al., 2015;
Silber et al., 2013). Kaplan–Meier curves and Log-rank
tests were calculated to understand the effect of a spe-
cific variable in the length of survival. For example, to
compare the isolated effect of race in survival, aKaplan–
Meier curve can be fitted for each race group, and
statistical differences between race groups can be ob-
tained through theLog-rank test (Aggarwal et al., 2015).
Single degree Wald tests were generally used to tests
linear interactions between two factors (Pellatt et al.,
2016). Adaptive Rank Truncated Products were always
used to determine joint associations between genetic
abnormalities and mortality (Slattery et al., 2014a). In
our pool, Chi-square, Kaplan–Meier curves, t-tests, and
Log-rank tests were the most frequently used (41.7,
37.5, 17.7, and18.1%, respectively), followedbyANOVA
(6.6%),Kruskal-Wallis (2.3%),Wald test (4.3%), Fisher’s
exact test (3.9%), Wilcoxon Rank Sum test (3.9%), and
Adaptive Rank Truncated Product (2.7%).

3.2.2. Multivariate analyses
Regression models have been consistently used to de-
termine which factors (or variables) have a significant
effect on the response. The response can be in the form
of survival times as in Cox Regression models (Wu et
al., 2013) or real/binary/count data as in Generalised
Linear and Quantile regression models (Belasco et al.,
2014). Cox regression is used by 63.3 % of the pooled
literature, followed by Logistic (26.6%), Linear (5.8%),
and Poisson (2.7%) regression models.

Time trend analyses were not very common in our
pool, but they were usually conducted using Joinpoint
regression, where the time is linearly associated with an

outcome of interest (e.g., mortality rate) (Akinyemiju
et al., 2013a). Several linear models are fitted to differ-
ent trend segments, and statistical hypothesis testing
is conducted to determine whether the slopes of each
segment are significantly different. Joinpoint regression
was used in 2.3% of our papers.

Few contributions were observed to identify spatial
clusters of factors associated with mortality outcomes
and to determine the significance of factors in the ge-
ographic distribution of mortality. Using Geographic
Information Systems, data from factors including num-
ber and distance from medical providers (Russell et
al., 2011), social-class and tobacco use (Klassen et al.,
2015), and coal-mining exposure (Mueller et al., 2015)
have been geographically linked to mortality in search
ofmeaningful spatial clusters. Geographically weighted
linear regression was used to determine whether joint
racial disparities in late-stage diagnosis and mortality
rates displayed a greater likelihood in adjacent cen-
sus tracts compared to non-adjacent ones (Tian et al.,
2011).Geospatial analysis andGeographicallyweighted
linear regressionwere used in 1.2 and 0.4%of the papers
in the pool, respectively.

Throughmultivariate regressionmodels, researchers
not only attempt to understand the association between
independent and response variables, but they also at-
tempt to understand associations among independent
variables as well. A common way to understand as-
sociations among independent variables is by system-
atically controlling (i.e., blocking) the effect of one or
more variables andobserving the effect of the remaining
variables on the response. Another way to understand
associations is by incorporating interaction terms in the
regression models. When, for example, a two-level in-
teraction is included in a regression model, it explicitly
tests the hypothesis that the effect of one independent
variable on the response varies at different levels of
another independent variable. With the previous ap-
proaches, it is possible to formulate hypotheses about
variables interacting to moderate the response, but not
about mechanisms under which variables exert direct
and indirect effects on the response. One approach
exploring simple mechanisms is called mediation anal-
ysis. Assume a binary response (e.g., dead or alive at
the end of the third year of BC diagnosis), a categorical
predictor (e.g., race), and a variable that mediates be-
tween the predictor and the response (e.g., insurance).
In this case, the hypothesised scenario is that insurance
exerts a direct effect on the response while race exerts
an indirect effect in the response through insurance.
In a mediation analysis, there can be two equations
to be fitted with the data: one equation where the re-
sponse is modelled as a function of race, and a second
equation where the response is modelled as a function
of both race and insurance. The effect of race on the
response can be interpreted from its fitted coefficient
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in the first equation, and the effect of insurance on the
response can be interpreted from its fitted coefficient
in the second equation. From these coefficients, the
proportion of change can be calculated in the response
that could be attributed to themediating variable. If the
proportion of change is high, it can be concluded that
the hypothesised mechanism is a plausible one. Formal
mediation analyses were seldom observed in our pool
(Russell et al., 2011; Schootman et al., 2008; Warner et
al., 2015; Yu et al., 2014).

3.2.3. Multi-level modeling
Multi-level or hierarchical regression models are a set
of nested models where a regression coefficient of a
high-level hierarchy model is provided with its own
regression model (Gelman, 2006). In our pool, multi-
level models were built for residents nested in census-
based regions (Klassen et al., 2015; Russell et al., 2011;
Schootman et al., 2008). In this way, estimates of the
response can better capture the variability within and
across census-based regions (Gelman, 2006).

3.2.4. DataMiningmodels
Data mining models have been mostly used for data
preprocessing andpreliminary analysis. PrincipalCom-
ponent Analysis was used for reducing the dimension-
ality of correlated socio-economic variables (Belasco et
al., 2014; Boone et al., 2015; Rajan et al., 2015; Tian et al.,
2012), and to evaluate patterns in principal components
of gene expression variability (Toro et al., 2016). Clus-
tering methods were used for observing ethnic clusters
from genome data (Boone et al., 2015) and for impu-
tation of missing data (Darcy et al., 2015). One asso-
ciation rule mining algorithm was applied to extract
associations between the geographical distribution of
cancer mortality rates and socio-economic variables
(Vinnakota & Lam, 2006). One rule showed that, for
example, high mortality rates were concentrated in ar-
easwhereAAwomenwere householderswith underage
children and no husband present.

3.2.5. Simulationmodels
Discrete event simulations have been used to under-
stand factor effects in the mortality disparity (Chang
et al., 2012; Van Ravesteyn et al., 2011). Simulations
work by modelling individuals which may develop BC
considering disease natural history parameters and in-
tervention strategies. These models are useful to study
disparities as it is possible to investigate the isolated
effect of each factor by sequentially substituting pa-
rameters inherent to a racial group into the baseline
white population model. Simulation has been useful to
validate the fact that stage, phenotype, rate of tumor
spread, and hormone therapy have a significant effect
in the mortality disparity between AAs and NHWs
(Van Ravesteyn et al., 2011). Simulation was also used
to investigate the effect of obesity in the AAs-NHWs

mortality disparity, concluding that the effect of obesity
is marginal since it is a protective factor for patients <
50 years, but it is a risk factor for patients ≥ 50 years
(Chang et al., 2012).

3.3. Databases

Table 2 shows the data sources used in the identification
of factors associated with BC mortality disparities. Lo-
cal/state cancer registries and hospital databases were
used in 48.6% of the papers, while 33.9% of the papers
used the database from the Surveillance, Epidemiology,
andEndResults (SEER)Program.The SEERprogram is
managed by the National Cancer Institute and collects
data on cancer cases from several locations and sources
across the U.S. Other cancer registry databases include
the National Cancer Database (2.3%), and the National
ProgramofCancerRegistries (0.4%). Further data anal-
yses were conducted by linking cancer registry data to
other demographic, economic, behavioural, and envi-
ronmental data sources. In the United States, the most
usual demographic and economic databases are Census
(15.4%) and Medicare (4.3%). Behavioural databases
included the Behavioural Risk Factors Surveillance Sys-
tems at the state level (1.2%), and the Consumer Ex-
penditure Survey at the Bureau of Labor Statistics (U.S.
Census). Environmental data sources included the U.S.
Energy InformationAdministration (Mueller et al., 2015)
and Daily Particulate Matter Monitoring (Hu et al.,
2013). A portion of the papers (17.4%) used cancer reg-
istry data to identify patients for further data collection
at the individual level. Individual data were collected
in the form of interviews, retrospective chart reviews,
observations, and DNA samples.

4. Research gaps and opportunities

4.1. Exploremechanisms triggering disparities
using data-basedmodels

Awide variety of systemic, social, and individual factors
are determinants of BC mortality likelihood. Some of
these factors influence the mortality likelihood in a
differentway, being ethnicity one of themajor drivers of
the association. In theU.S., BCmortality is different per
racial background, being significantly different between
AAs and NHWs, and between Hispanics and NHWs,
where both AAs and Hispanics are highly disadvan-
taged. Such observation has motivated the challenge
of eliminating the racial gap, not only for AAs and
Hispanics but for all racial groups.

In this paper, we have discussed the influence of
health care, resource deprivation, tumour stage and
biology, physical status, behaviour, and lifestyle in BC
mortality per race. Delayed or poor quality health care,
high resource deprivation, poor physical status, and
advanced tumour stage are usually stated as contrib-
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Table 1.Models used to analyse the effect of factors in racial mortality disparities ranked by frequency of use.

Model type References using the model Total %

Cox regression
Adams et al. (2012), Ademuyiwa et al. (2013), Ademuyiwa et al. (2015), Akinyemiju et al. (2013b),
Aggarwal et al. (2015), Akinyemiju et al. (2016), Albain et al. (2009), Andres et al. (1996), Ansell et
al. (1993), Ayanian et al. (1993), Balasubramanian et al. (2010), Barcenas et al. (2010), Berz et al.
(2009), Beyer et al. (2016a), Beyer et al. (2016b), Bharat et al. (2009), Bleicher et al. (2016), Boone et
al. (2014b), Boone et al. (2014a), Boone et al. (2015), Bradley et al. (2005), Braun et al. (2001), Breslin
et al. (2009), Brooks et al. (2013), Byers et al. (2008), Camacho-Rivera et al. (2008), Castro-Echeverry
et al. (2013), Chagpar et al. (2011), Chen et al. (2015), Cheng et al. (2015), Chu et al. (2010), Chuang
et al. (2006), Clegg et al. (2002), Connor et al. (2013), Connor et al. (2014), Connor et al. (2016b),
Darcy et al. (2015), Dawood et al. (2008), DeRouen et al. (2013), Deshpande et al. (2009), Dragun
et al. (2011), Du and Simon (2005), Du et al. (2008), Du et al. (2011), Elmore et al. (2005), El-Tamer
(1999), Feinglass et al. (2015), Fejerman et al. (2013), Field et al. (2005), Franzini et al. (1997), George
et al. (2013), Giraldo-Jimenez et al. (2012), Gnerlich et al. (2009), Gomez et al. (2010), Grann et al.
(2006), Grau et al. (2005), Greenwald et al. (1996), Haas et al. (2008), Haji-Jama et al. (2016), Hastert
et al. (2014), Hernandez et al. (2015), Herndon et al. (2013), Hershman et al. (2005), Hershman et al.
(2006), Hershman et al. (2009), Hill et al. (2010), Holmes et al. (2010), Howard et al. (1998), Hu et al.
(2013), Iqbal et al. (2015), Izano et al. (2013), Izano et al. (2014), Javid et al. (2014), Joslyn (2002),
Kallan (1997), Kaplan et al. (2015), Keegan et al. (2013), Keegan et al. (2015), Kim et al. (2005b),
Kirsner et al. (2006), Kish et al. (2014), Komenaka et al. (2010), Koru-Sengul1 et al. (2016), Kroenke et
al. (2014), Kurian et al. (2014), Kwan et al. (2014), Lee et al. (2014), Li et al. (2013), Lian et al. (2014),
Liu et al. (2013), Ma et al. (2015), Maggard et al. (2003), Markossian and Hines (2012), Markossian et
al. (2012), Martindale et al. (2014), Maskarinec et al. (2003), Maskarinec et al. (2011), McCarthy et al.
(2007), Menashe et al. (2009), Meng et al. (1997a), Meng et al. (1997b), Ning et al. (2015), Niu et al.
(2013), Nurgalieva et al. (2013c), Nurgalieva et al. (2013a), Nurgalieva et al. (2013b), O’Malley et al.
(2003), Ohri et al. (2016), Ooi and Martinez (2011), Owusu et al. (2007), Parise and Caggiano (2015),
Pellatt et al. (2016), Perkins et al. (1996), Potosky et al. (1997), Pruitt et al. (2015), Rajan et al. (2015),
Richter et al. (2013), Roetzheim et al. (2008), Roohan et al. (1998), Roseland et al. (2015), Rueth et
al. (2014), Rugo et al. (2013), Russell et al. (2011), Schlichting et al. (2012), Schonberg et al. (2010),
Schinkel et al. (2014), Silber et al. (2013), Simon and Severson (1997), Simon and Severson (2006),
Shariff-Marco et al. (2014), Shariff-Marco et al. (2015b), Shavers et al. (2003), Shi et al. (2013), Shi et
al. (2015), Sineshaw et al. (2015), Slattery et al. (2014d), Slattery et al. (2013c), Slattery et al. (2014b),
Slattery et al. (2014c), Smith et al. (2013), Smith-Gagen et al. (2013), Sposto et al. (2016), Sprague et
al. (2011), Swede et al. (2011), Swede et al. (2016), Tabung et al. (2016), Tannenbaum et al. (2013),
Tao et al. (2015), Tichy et al. (2015), Wang et al. (2015), Ward et al. (2008), Warner et al. (2015),
Weaver et al. (2013), Wilson et al. (2007), Wolfson et al. (2015), Wray et al. (2013), Woodward et al.
(2006), Wright et al. (2012), Wu et al. (2013), Yang et al. (2009), Yao et al. (2009), Yi et al. (2012), Zhu
et al. (2014), Zeng et al. (2015)

164 63.3

Chi-square tests
Ademuyiwa et al. (2013),Ademuyiwa et al. (2015), Aggarwal et al. (2015), Akinyemiju et al. (2013b),
Akinyemiju et al. (2015), Akinyemiju et al. (2016), Barcenas et al. (2010), Berz et al. (2009), Bharat et
al. (2009), Bleicher et al. (2016), Boone et al. (2014b), Boone et al. (2014a), Boone et al. (2015), Braun
et al. (2001), Breslin et al. (2009), Camacho-Rivera et al. (2008), Castro-Echeverry et al. (2013), Chang
et al. (1998), Chen et al. (2015), Connor et al. (2013), Connor et al. (2014), Connor et al. (2016b),
Connor et al. (2016a), Darcy et al. (2015), Du et al. (2008), Elmore et al. (2005), El-Tamer (1999),
Feinglass et al. (2015), Fisher et al. (2013), Gnerlich et al. (2009), Gorey et al. (2013), Grau et al.
(2005), Haji-Jama et al. (2016), Hassett et al. (2014), Herndon et al. (2013), Hernandez et al. (2015),
Hershman et al. (2005), Hershman et al. (2006), Howard et al. (1998), Hu et al. (2013), Hunt et al.
(2014), Iqbal et al. (2015), Izano et al. (2013), Izano et al. (2014), Javid et al. (2014), Joslyn (2002),
Kaplan et al. (2015), Kim et al. (2005b), Kim et al. (2016), Kirsner et al. (2006), Klassen et al. (2015),
Koru-Sengul1 et al. (2016), Kroenke et al. (2014), Lairson et al. (2015), Lee-Feldstein et al. (2001),
Lian et al. (2014), Liu et al. (2013), Llanos et al. (2015), Ma et al. (2015), Mandelblatt et al. (2002),
Markossian et al. (2012), Martindale et al. (2014), McDavid et al. (2003), Meng et al. (1997b), Mueller
et al. (2015), Ning et al. (2015), Nurgalieva et al. (2013c), Nurgalieva et al. (2013a), Nurgalieva et al.
(2013b), O’Malley et al. (2003), Owusu et al. (2007), Pellatt et al. (2013), Polednak (2002), Pruitt et
al. (2015), Richter et al. (2013), Rizzo et al. (2015), Roetzheim et al. (2000), Roseland et al. (2015),
Rueth et al. (2014), Russell et al. (2011), Samson et al. (2015), Shi et al. (2015), Slattery et al. (2014b),
Slattery et al. (2014a), Slattery et al. (2015b), Short et al. (2010), Guadagnoli et al. (1997), Simon
and Severson (2006), Sposto et al. (2016), Smith et al. (2013), Smith-Gagen et al. (2013), Sturtz et al.
(2014), Swede et al. (2011), Swede et al. (2016), Tannenbaum et al. (2013), Tao et al. (2015), Toro et
al. (2016), Trinh et al. (2015), Wang et al. (2015), Wilson et al. (2007), Woodward et al. (2006), Wray
et al. (2013), Wright et al. (2012), Robin (2003), Yang et al. (2009), Yao et al. (2009), Yi et al. (2012),
Zhang et al. (2015)

108 41.7

Kaplan-Meier sur-
vival curves Ademuyiwa et al. (2013), Ademuyiwa et al. (2015), Aggarwal et al. (2015), Akinyemiju et al. (2016),

Albain et al. (2009), Andres et al. (1996), Ansell et al. (1993), Ayanian et al. (1993), Balasubramanian
et al. (2010), Barcenas et al. (2010), Beyer et al. (2016b), Biswas et al. (2015), Boone et al. (2014b),
Bradley et al. (2003), Bradley et al. (2005), Breslin et al. (2009), Camacho-Rivera et al. (2008), Castro-
Echeverry et al. (2013), Cella et al. (1991), Chagpar et al. (2011), Chang et al. (1998), Chen et al.
(2015), Chu et al. (2010), Chuang et al. (2006), Clegg et al. (2002), Crowe et al. (2005), Darcy et
al. (2015), Dawood et al. (2008), Dragun et al. (2011), Du and Simon (2005), Du et al. (2008), Du
et al. (2011), Elmore et al. (2005), Feinglass et al. (2015), Fejerman et al. (2013), Franzini et al.
(1997), Giraldo-Jimenez et al. (2012), Grann et al. (2006), Grau et al. (2005), Greenwald et al. (1996),
Hernandez et al. (2015), Herndon et al. (2013), Hershman et al. (2005), Hershman et al. (2006),
Hershman et al. (2008), Holmes et al. (2010), Hossain et al. (2008), Hu et al. (2013), Izano et al.
(2013), Izano et al. (2014), Kaplan et al. (2015), Kim et al. (2005b), Kirsner et al. (2006), Kish et al.
(2014), Komenaka et al. (2010), Koru-Sengul1 et al. (2016), Lairson et al. (2015), Liu et al. (2013),

97 37.5

(Continued)
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Table 1. (Continued).

Model type References using the model Total %

Martindale et al. (2014), Maskarinec et al. (2003), Meng et al. (1997b), Ning et al. (2015), Niu et
al. (2013), Nurgalieva et al. (2013c), Nurgalieva et al. (2013a), Ohri et al. (2016), O’Malley et al.
(2003), Owusu et al. (2007), Parise and Caggiano (2015), Perkins et al. (1996), Potosky et al. (1997),
Rizzo et al. (2015), Roohan et al. (1998), Roseland et al. (2015), Rueth et al. (2014), Rugo et al.
(2013), Schlichting et al. (2012), Shavers et al. (2003), Shi et al. (2013), Shi et al. (2015), Sineshaw
et al. (2015), Smith et al. (2013), Smith-Gagen et al. (2013), Swede et al. (2011), Tannenbaum et al.
(2013), Tao et al. (2015), Tichy et al. (2015), Wang et al. (2015), Wolfson et al. (2015), Woodward et
al. (2006), Wray et al. (2013), Wright et al. (2012), Yang et al. (2009), Yi et al. (2012), Schinkel et al.
(2014), Zeng et al. (2015), Zhang et al. (2015)

Logistic regression
Akinyemiju et al. (2015), Akinyemiju et al. (2016), Berz et al. (2009), Bleicher et al. (2016), Boone et
al. (2014a), Bradley et al. (2003), Bradley et al. (2002), Braun et al. (2004), Cella et al. (1991), Cheng
et al. (2015), Connor et al. (2013), Connor et al. (2014), Connor et al. (2016a), Dragun et al. (2011),
Du et al. (2011), Fisher et al. (2013), Gorey et al. (2013), Haas et al. (2008), Howard et al. (1998), Iqbal
et al. (2015), Javid et al. (2014), Kim et al. (2005a), Kim et al. (2016), Klassen et al. (2015), Kurian et
al. (2014), Lairson et al. (2015), Lee-Feldstein et al. (2000), Lee-Feldstein et al. (2001), Li et al. (2013),
Llanos et al. (2015), Mandelblatt et al. (2002), Markossian and Hines (2012), Markossian et al. (2012),
McCarthy et al. (2007), Onega et al. (2010), Ooi andMartinez (2011), Parikh et al. (2015), Pellatt et al.
(2013), Polednak (2002), Potosky et al. (1997), Rajan et al. (2015), Richter et al. (2013), Roetzheim et
al. (2000), Roetzheim et al. (2008), Rueth et al. (2014), Samson et al. (2015), Schonberg et al. (2010),
Shavers et al. (2003), Short et al. (2010), Silber et al. (2013), Sineshaw et al. (2015), Guadagnoli et al.
(1997), Slattery et al. (2014d), Slattery et al. (2013b), Slattery et al. (2014b), Slattery et al. (2014c),
Slattery et al. (2015a), Slattery et al. (2015b), Sprague et al. (2011), Swede et al. (2011), Tian et al.
(2011), Tian et al. (2012), Tichy et al. (2015), Wang et al. (2015), Warner et al. (2015), Wolfson et al.
(2015), Wilson et al. (2007), Zhu et al. (2014), Zhang et al. (2015),

69 26.6

t-tests or z-tests
Ademuyiwa et al. (2015), Aggarwal et al. (2015), Akinyemiju et al. (2013b), Ansell et al. (1993),
Barcenas et al. (2010), Berz et al. (2009), Bleicher et al. (2016), Boone et al. (2015), Camacho-Rivera
et al. (2008), Chang et al. (1998), Chu et al. (2010), Connor et al. (2013), Connor et al. (2014), Connor
et al. (2016b), Connor et al. (2016a), Darcy et al. (2015), El-Tamer (1999), Fejerman et al. (2013),
Grau et al. (2005), Hassett et al. (2014), Herndon et al. (2013), Hershman et al. (2005), Hossain et
al. (2008), Howard et al. (1998), Izano et al. (2013), Izano et al. (2014), Javid et al. (2014), Kim et al.
(2016), Kirsner et al. (2006), Komenaka et al. (2010), Koru-Sengul1 et al. (2016), Levine et al. (2008),
Ma et al. (2015), Markossian et al. (2012), Rajan et al. (2015), Rizzo et al. (2015), Rust et al. (2015),
Short et al. (2010), Guadagnoli et al. (1997), Smith-Gagen et al. (2013), Sturtz et al. (2014), Swede et
al. (2011), Swede et al. (2016), Wang et al. (2015), Whitman et al. (2011), Wray et al. (2013)

46 17.7

Log rank test
Ademuyiwa et al. (2013), Ademuyiwa et al. (2015), Aggarwal et al. (2015), Andres et al. (1996),
Ayanian et al. (1993), Boone et al. (2014b), Breslin et al. (2009), Camacho-Rivera et al. (2008),
Castro-Echeverry et al. (2013), Chagpar et al. (2011), Chang et al. (1998), Chen et al. (2015), Chuang
et al. (2006), Dawood et al. (2008), Elmore et al. (2005), Feinglass et al. (2015), Franzini et al. (1997),
Grau et al. (2005), Greenwald et al. (1996), Hernandez et al. (2015), Holmes et al. (2010), Hu et al.
(2013), Iqbal et al. (2015), Kim et al. (2005b), Komenaka et al. (2010), Koru-Sengul1 et al. (2016), Niu
et al. (2010), Niu et al. (2013), Nurgalieva et al. (2013a), Ohri et al. (2016), Osteen et al. (1994), Parise
and Caggiano (2015), Roetzheim et al. (2000), Roseland et al. (2015), Rueth et al. (2014), Schinkel
et al. (2014), Shi et al. (2013), Smith et al. (2013), Smith-Gagen et al. (2013), Sturtz et al. (2014),
Tannenbaum et al. (2013), Wang et al. (2015), Woodward et al. (2006), Wray et al. (2013), Wright et
al. (2012), Wang et al. (2015), Wolfson et al. (2015)

47 18.1

Incidence and mor-
tality ratios Albano et al. (2007), Baggett et al. (2015), Baquet et al. (2013), Chu et al. (2003), Chu et al. (2007),

DeSantis et al. (2016), Haji-Jama et al. (2016), Hill et al. (2015), Levine et al. (2008), McCarthy et
al. (2015), McDavid et al. (2003), Meliker et al. (2009), Menashe et al. (2009), Miller et al. (2008),
Nurgalieva et al. (2013c), Samson et al. (2016), Simon and Severson (1997), Steenland et al. (2004),
Tian et al. (2011), Tian et al. (2012), Whitman et al. (2012)

21 8.1

ANOVA
Adams et al. (2015), Akinyemiju et al. (2015), Akinyemiju et al. (2016), Braun et al. (2001), Darcy et
al. (2015), Fejerman et al. (2013), Joslyn (2002), Koru-Sengul1 et al. (2016), Mandelblatt et al. (2002),
Martindale et al. (2014), Mueller et al. (2015), Pruitt et al. (2015), Shavers et al. (2003), Sturtz et al.
(2014), Toro et al. (2016), Trinh et al. (2015), Wray et al. (2013)

17 6.6

Linear regression
Akinyemiju et al. (2015), Belasco et al. (2014), Darcy et al. (2015), Edwards et al. (1998), Hassett et
al. (2014), Hershman et al. (2006), Menashe et al. (2009), Mueller et al. (2015), Ohri et al. (2016),
Okunade and Karakus (2003), Philips Jr et al. (2013), Rust et al. (2015), Sabik and Bradley (2013),
Singh et al. (2011), Slattery et al. (2015a)

15 5.8

Bonferroni correc-
tion methods Chu et al. (2003), Newman et al. (2006), Zeng et al. (2015), Boone et al. (2014a), Connor et al. (2014),

Fisher et al. (2013), Pellatt et al. (2013), Pellatt et al. (2016), Slattery et al. (2013b), Slattery et al.
(2013a), Slattery et al. (2013c), Slattery et al. (2014b), Slattery et al. (2014a), Slattery et al. (2015a),
Slattery et al. (2015b)

15 5.8

Wald tests
Slattery et al. (2014d), Slattery et al. (2013b), Slattery et al. (2013a), Slattery et al. (2013c), Slattery et
al. (2014b), Slattery et al. (2014a), Hernandez et al. (2015), Pellatt et al. (2016), Slattery et al. (2015a),
Slattery et al. (2015b), Warner et al. (2015)

11 4.3

Fisher exact test
Biswas et al. (2015), Koru-Sengul1 et al. (2016), Izano et al. (2013), Izano et al. (2014), Silber et al.
(2013), Smith et al. (2013), Sparano et al. (2011), Tichy et al. (2015), Wilson et al. (2007), Wright et
al. (2012)

10 3.9

(Continued)
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Table 1. (Continued).

Model type References using the model Total %

Wilcoxon rank sum
test Ademuyiwa et al. (2013), Ayanian et al. (1993), Hassett et al. (2014), Izano et al. (2013), Izano et al.

(2014), Rueth et al. (2014), Silber et al. (2013), Slattery et al. (2015b), Tichy et al. (2015), Wilson et al.
(2007)

10 3.9

Poisson regression
Akinyemiju et al. (2013a), Boscoe and Pradhan (2015), Jatoi et al. (2005), Menashe et al. (2009),
Philips Jr et al. (2013), Steenland et al. (2004), Robin (2003)

7 2.7

Adaptive Rank
Truncated Product Slattery et al. (2014d), Slattery et al. (2013c), Slattery et al. (2014b), Slattery et al. (2014a), Slattery

et al. (2015a), Slattery et al. (2015b), Pellatt et al. (2016)

7 2.7

Data Mining
Belasco et al. (2014), Boone et al. (2015), Darcy et al. (2015), Rajan et al. (2015), Tian et al. (2012),
Toro et al. (2016), Vinnakota and Lam (2006)

7 2.7

Joinpoint
regression Akinyemiju et al. (2013a), Hall et al. (2004), Kurian et al. (2014), Ortiz et al. (2010), Whitman et al.

(2011), Whitman et al. (2012)

6 2.3

Kruskal-Wallis
Chagpar et al. (2011), Lee-Feldstein et al. (2001), Liu et al. (2013), Mueller et al. (2015), Ning et al.
(2015), Rueth et al. (2014)

6 2.3

Hierarchical linear
modeling Chien et al. (2015), Klassen et al. (2015), Schootman et al. (2008), Russell et al. (2011)

4 1.6

Mediation analysis
Russell et al. (2011), Schootman et al. (2008), Warner et al. (2015), Yu et al. (2014)

4 1.6

Geospatial analysis
Klassen et al. (2015), Mueller et al. (2015), Russell et al. (2011), Schootman et al. (2008)

3 1.2

Spearman correla-
tion Hassett et al. (2014), Mueller et al. (2015), Pruitt et al. (2015)

3 1.2

Simulation
Chang et al. (2012), Van Ravesteyn et al. (2011)

2 0.8

Kolmogorov-
Smirnov tests Izano et al. (2013), Izano et al. (2014)

2 0.8

Kriging
Chien et al. (2015), Silber et al. (2013)

2 0.8

Mantel-Haenszel
Owusu et al. (2007), Schonberg et al. (2010)

2 0.8

Spline functions
Levine et al. (2008), Menashe et al. (2009)

2 0.8

Likelihood ratio
tests Boone et al. (2015), Chagpar et al. (2011)

2 0.8

Propensity score
adjustment Bleicher et al. (2016), Lairson et al. (2015)

2 0.8

Competing risks re-
gression Bleicher et al. (2016), Trinh et al. (2015)

2 0.8

Geographically
weighted
regression models

Tian et al. (2011)
1 0.4

MCMC
Sprague et al. (2011)

1 0.4

F tests
Wagner et al. (2012)

1 0.4

Hardy-Weinberg
statistics Boone et al. (2014a)

1 0.4

McNemar test
Silber et al. (2013)

1 0.4

Prentice Wilcoxon
test Silber et al. (2013)

1 0.4

Linear trend test
Robin (2003)

1 0.4

Cochran-Armitage
Trend test Baggett et al. (2015)

1 0.4

Scheffe’s test
Joslyn (2002)

1 0.4

Hosmer-Lemeshow
test Wilson et al. (2007)

1 0.4

Smoothed hazard
functions Ademuyiwa et al. (2015)

1 0.4

Median test
Haji-Jama et al. (2016)

1 0.4

Age-period-cohort
model Masters et al. (2015)

1 0.4

Gray test
Ohri et al. (2016)

1 0.4

Probit regression
Pezzin et al. (2015)

1 0.4

Additive regression
model with
Bayesian priors

Chien et al. (2015)
1 0.4

Instrumental vari-
able analysis Pezzin et al. (2015)

1 0.4

Undescribed
regression model McDavid et al. (2003)

1 0.4
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Table 2. Databases used to analyse the effect of factors in racial mortality disparities ranked by frequency of use.

Database References using the model Total %

Local/state cancer registries
and hospital databases Adams et al. (2012), Aggarwal et al. (2015), Albain et al. (2009), Andres et al. (1996), Ansell et al. (1993), Akinyemiju

et al. (2013a), Ayanian et al. (1993), Balasubramanian et al. (2010), Baggett et al. (2015), Baquet et al. (2013),
Barcenas et al. (2010), Berz et al. (2009), Beyer et al. (2016a), Beyer et al. (2016b), Bharat et al. (2009), Biswas et
al. (2015), Boone et al. (2015), Bradley et al. (2003), Bradley et al. (2005), Braun et al. (2001), Castro-Echeverry
et al. (2013), Camacho-Rivera et al. (2008), Cella et al. (1991), Chagpar et al. (2011), Cheng et al. (2015), Chu et
al. (2010), Connor et al. (2016b), Connor et al. (2016a), Crowe et al. (2005), DeRouen et al. (2013), Dragun et al.
(2011), Du and Simon (2005), Elmore et al. (2005), El-Tamer (1999), Fejerman et al. (2013), Franzini et al. (1997),
Giraldo-Jimenez et al. (2012), Gomez et al. (2010), Grau et al. (2005), Greenwald et al. (1996), Gorey et al. (2013),
Haji-Jama et al. (2016), Herndon et al. (2013), Hershman et al. (2005), Hill et al. (2015), Hirschman et al. (2007),
Howard et al. (1998), Hu et al. (2013), Izano et al. (2013), Izano et al. (2014), Jatoi et al. (2005), Kaplan et al. (2015),
Keegan et al. (2013), Keegan et al. (2015), Kim et al. (2005b), Kim et al. (2016), Klassen et al. (2015), Komenaka et
al. (2010), Koru-Sengul1 et al. (2016), Kroenke et al. (2014), Kurian et al. (2014), Lee et al. (2014), Lee-Feldstein et
al. (2000), Lee-Feldstein et al. (2001), Lian et al. (2014), Llanos et al. (2015), Martindale et al. (2014), Maskarinec
et al. (2003), Maskarinec et al. (2011), McDavid et al. (2003), Meliker et al. (2009), Meng et al. (1997a), Meng et al.
(1997b), Mueller et al. (2015), Niu et al. (2010), Niu et al. (2013), Ohri et al. (2016), Ortiz et al. (2010), Owusu et al.
(2007), Parikh et al. (2015), Parise and Caggiano (2013), Parise and Caggiano (2015), Pellatt et al. (2016), Perkins
et al. (1996), Polednak (2002), Potosky et al. (1997), Pruitt et al. (2015), Rajan et al. (2015), Richter et al. (2013),
Rizzo et al. (2015), Roetzheim et al. (2000), Roohan et al. (1998), Roseland et al. (2015), Russell et al. (2011), Sabik
and Bradley (2013), Samson et al. (2015), Samson et al. (2016), Shariff-Marco et al. (2014), Shariff-Marco et al.
(2015a), Shi et al. (2013), Simon and Severson (1997), Simon and Severson (2006), Slattery et al. (2015a), Slattery
et al. (2015b), Smith et al. (2013), Sposto et al. (2016), Kwan et al. (2014), Wray et al. (2013), Wu et al. (2013),
Sprague et al. (2011), Swede et al. (2011), Swede et al. (2016), Tannenbaum et al. (2013), Tian et al. (2011), Tian
et al. (2010), Tian et al. (2012), Tichy et al. (2015), Wang et al. (2015), Wilson et al. (2007), Woodward et al. (2006),
Wright et al. (2012), Tao et al. (2015), Yang et al. (2009), Zhang et al. (2015), Zhu et al. (2014), Wolfson et al. (2015)

126 48.6

SEER
Ademuyiwa et al. (2013), Ademuyiwa et al. (2015), Akinyemiju et al. (2013b), Akinyemiju et al. (2016), Ayanian et
al. (1993), Bleicher et al. (2016), Boone et al. (2014b), Boscoe and Pradhan (2015), Bradley et al. (2002), Braun et
al. (2004), Breslin et al. (2009), Brooks et al. (2013), Chang et al. (1998), Chen et al. (2015), Chien et al. (2015), Chu
et al. (2003), Chuang et al. (2006), Clegg et al. (2002), Connor et al. (2016b), Dawood et al. (2008), DeSantis et al.
(2016), Deshpande et al. (2009), Du and Simon (2005), Du et al. (2008), Du et al. (2011), Edwards et al. (1998),
Field et al. (2005), Fisher et al. (2013), Franzini et al. (1997), George et al. (2013), Gnerlich et al. (2009), Gomez et
al. (2010), Grann et al. (2006), Haas et al. (2008), Hassett et al. (2014), Hastert et al. (2014), Hernandez et al. (2015),
Hershman et al. (2006), Hill et al. (2010), Holmes et al. (2010), Hossain et al. (2008), Hu et al. (2013), Iqbal et al.
(2015), Jatoi et al. (2005), Javid et al. (2014), Joslyn (2002), Kaplan et al. (2015), Keegan et al. (2015), Kirsner et al.
(2006), Kish et al. (2014), Lairson et al. (2015), Li et al. (2013), Liu et al. (2013), Maggard et al. (2003), Markossian
and Hines (2012), McCarthy et al. (2007), Menashe et al. (2009), Meng et al. (1997a), Meng et al. (1997b), Miller et
al. (2008), Mueller et al. (2015), Ning et al. (2015), Nurgalieva et al. (2013c), Nurgalieva et al. (2013a), Nurgalieva
et al. (2013b), O’Malley et al. (2003), Onega et al. (2010), Ooi and Martinez (2011), Ortiz et al. (2010), Pellatt et al.
(2016), Polednak (2002), Roetzheim et al. (2008), Schlichting et al. (2012), Schonberg et al. (2010), Schootman
et al. (2008), Shavers et al. (2003), Silber et al. (2013), Simon and Severson (1997), Simon and Severson (2006),
Smith-Gagen et al. (2013), Swede et al. (2011), Wagner et al. (2012), Robin (2003), Yi et al. (2012), Schinkel et al.
(2014), Trinh et al. (2015), Zeng et al. (2015)

87 33.9

Census
Adams et al. (2015), Albano et al. (2007), Akinyemiju et al. (2013b), Cheng et al. (2015), Chien et al. (2015), Chu et
al. (2007), Haji-Jama et al. (2016), Hastert et al. (2014), Hu et al. (2013), Hunt et al. (2014), Keegan et al. (2015),
Kish et al. (2014), Markossian et al. (2012), McCarthy et al. (2015), Mueller et al. (2015), Okunade and Karakus
(2003), Parise and Caggiano (2015), Pezzin et al. (2015), Philips Jr et al. (2013), Pruitt et al. (2015), Rajan et al.
(2015), Roseland et al. (2015), Russell et al. (2011), Rust et al. (2015), Shariff-Marco et al. (2015b), Shariff-Marco
et al. (2015a), Schlichting et al. (2012), Schootman et al. (2008), Simon and Severson (1997), Singh et al. (2011),
Sprague et al. (2011), Steenland et al. (2004), Tannenbaum et al. (2013), Tao et al. (2015), Tian et al. (2011), Trinh
et al. (2015), Vinnakota and Lam (2006), Wagner et al. (2012), Whitman et al. (2012), Robin (2003)

42 15.4

Collection of DNA, inter-
view, chart, or observational
data

Boone et al. (2014b), Boone et al. (2014a), Boone et al. (2015), Connor et al. (2013), Connor et al. (2014), Connor
et al. (2016b), Connor et al. (2016a), Cheng et al. (2015), Gordon et al. (1992), George et al. (2013), Hastert et al.
(2014), Hershman et al. (2009), Herndon et al. (2013), Izano et al. (2013), Izano et al. (2014), Kim et al. (2016),
Kroenke et al. (2014), Kwan et al. (2014), Llanos et al. (2015), Ma et al. (2015), Pellatt et al. (2013), Pellatt et al.
(2016), Pezzin et al. (2015), Rugo et al. (2013), Shariff-Marco et al. (2014), Shariff-Marco et al. (2015b), Shariff-
Marco et al. (2015a), Slattery et al. (2014d), Slattery et al. (2013b), Slattery et al. (2013a), Slattery et al. (2014b),
Slattery et al. (2014a), Slattery et al. (2015a), Slattery et al. (2015b), Sposto et al. (2016), Steenland et al. (2004),
Sturtz et al. (2014), Swede et al. (2016), Tabung et al. (2016), Tichy et al. (2015), Toro et al. (2016), Wang et al.
(2015), Ward et al. (2008), Whitman et al. (2011), Wu et al. (2013)

45 17.4

State andNational Mortality
databases Albano et al. (2007), Baggett et al. (2015), Beyer et al. (2016a), Beyer et al. (2016b), Kim et al. (2005a), Masters et

al. (2015), Pruitt et al. (2015), Rust et al. (2015), Singh et al. (2011), Tannenbaum et al. (2013), Tian et al. (2010),
Tian et al. (2012), Wagner et al. (2012), Weaver et al. (2013)

14 5.4

Medicare
Aggarwal et al. (2015), Bleicher et al. (2016), Brooks et al. (2013), Hassett et al. (2014), Hershman et al. (2006),
Kirsner et al. (2006), Nurgalieva et al. (2013b), Pezzin et al. (2015), Roetzheim et al. (2008), Schootman et al.
(2008), Silber et al. (2013)

11 4.3

National Center for Health
Statistics Chu et al. (2007), Chien et al. (2015), Hall et al. (2004), Kallan (1997), Whitman et al. (2011), Hunt et al. (2014),

McCarthy et al. (2015), Rust et al. (2015)

8 3.1

National Cancer Database
(American College of sur-
geons)

Feinglass et al. (2015), Rueth et al. (2014), Shi et al. (2015), Sineshaw et al. (2015), Ward et al. (2008), Yao et al.
(2009)

6 2.3

Centers for disease control
and prevention Jatoi et al. (2005), Levine et al. (2008), Okunade and Karakus (2003), Whitman et al. (2012)

4 1.6

(Continued)
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Table 2. (Continued).

Database References using the model Total %

Not specified/Not found
Belasco et al. (2014), Guadagnoli et al. (1997), Weber et al. (2014)

3 1.2

Medicaid
Aggarwal et al. (2015), Samson et al. (2015), Weaver et al. (2013)

3 1.2

National Cancer Institute
Adams et al. (2015), Hernandez et al. (2015), Samson et al. (2016)

3 1.2

State Behavioural Risk Fac-
tors Surveillance Systems Mueller et al. (2015), Okunade and Karakus (2003), Samson et al. (2016)

3 1.2

Home Mortgage Disclosure
Act data Beyer et al. (2016a), Beyer et al. (2016b)

2 0.8

Health Resources and Ser-
vices Administration Adams et al. (2015), Akinyemiju et al. (2016)

2 0.8

National Establishment
Time Series Database Cheng et al. (2015), Shariff-Marco et al. (2015a)

2 0.8

California Department of
Transportation Cheng et al. (2015), Shariff-Marco et al. (2015a)

2 0.8

California neighbourhoods
data systems Cheng et al. (2015), Sposto et al. (2016)

2 0.8

Publicly available tumor
gene expression datasets Darcy et al. (2015)

1 0.4

U.S. Energy Information
Administration Mueller et al. (2015)

1 0.4

Medical Marketing Services
Russell et al. (2011)

1 0.4

American Hospital Associa-
tion Survey Pezzin et al. (2015)

1 0.4

Mammography machine
data - US Food and drug
administration

Pruitt et al. (2015)
1 0.4

Health Care Financing Ad-
ministration Mandelblatt et al. (2002)

1 0.4

HealthCore Integrated Re-
search Database Short et al. (2010)

1 0.4

National Institutes of Health
Sparano et al. (2011)

1 0.4

National Institute of Occu-
pational Safety and Health Steenland et al. (2004)

1 0.4

Social Security Denomina-
tor file Silber et al. (2013)

1 0.4

Daily particulate matter
monitoring data Hu et al. (2013)

1 0.4

Department of Agriculture
Trinh et al. (2015)

1 0.4

National program of cancer
registries Byers et al. (2008)

1 0.4

National Comprehensive
Cancer Network Warner et al. (2015)

1 0.4

Health care Cost and Util-
isation Project Nationwide
Inpatient Sample

Akinyemiju et al. (2015)
1 0.4

utors to mortality disparities. Tumour phenotypes and
cellular mechanisms, as well as lifestyle choices, are less
intuitive in their influence in BC mortality, and their
role in disparities is subject to ongoing research (Dan-
forth, 2013; Lopez et al., 2013; Wheeler et al., 2013).

We have conducted a review of the data-basedmod-
els that have been used to identify factors and explain
mechanisms driving BC mortality disparities. In most
papers, data are initially explored and aggregated using
basic statistical analyses and data mining techniques
such as Chi-square tests, Kaplan–Meier curves, Prin-
cipal Component analysis, Clustering, and Association
Rule Mining. Data are generally fed into multivariate
regression models to determine single and interaction
effects that are significantly associated with mortality
outcomes. Mechanistic hypotheses are infrequently es-
tablished by means of mediation analyses.

In general, there is considerable knowledge on the
factors influencingmortality disparities.However, there
is a gap inunderstanding the specificmechanismswhere
multiple factors interrelate to yield a mortality dispar-
ity.

To understand this gap, consider four examples of
mechanism that can be extracted from the literature.
In the health care factors Section (3.1.1), we mentioned
the results in (Kurian et al., 2014), where unilateralmas-
tectomy patients from Filipina andHispanicminorities
were at a highermortality risk than patients who under-
went bilateral mastectomy or BCS plus radiation. The
study also shows that unilateral mastectomy patients
were less likely to live in high SES neighbourhoods
and to attend National Cancer Center Hospitals; and
more likely toholdpublic/Medicaid insurance and tobe
seen in hospitals targeted to the lower SES population.
From these conclusions, the study discusses the pos-
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sibility that patients with low SES characteristics seek
unilateral mastectomy more often, exerting an indirect
negative effect on the mortality (see Figure 2(a) for
a raw depiction of the mechanism). In the Resource
deprivation Section (3.1.2), the study in (Feinglass et
al., 2015) concludes that race, insurance status, and
stage at BC presentation reduce the effect of SES in
all-cause mortality. A possible link among these factors
is that SES contributes to lower quality or no insur-
ance. A poor insurance status consequently increases
the chances of a poor tumour prognosis (with the lack
of resources for early tumour detection), and a poor
tumour prognosis increases the AAs/NHWs mortality
disparity (see Figure 2(b)). In the Tumour stage and
biology Section (3.1.3), it is concluded that AAs with
ER+/PR+/HER2- cancers in stages 2 and 3 present a
higher risk of death compared to NHWs (Tao et al.,
2015). An example mechanism is that the tumour stage
is indirectly related to the mortality disparity through
the cancer subtype (see Figure 2(c)), which may be
possible if certain subtypes are more frequent in cer-
tain stages, and these subtypes increase in turn the
mortality disparity. In the comorbidities and lifestyle
Section (3.1.4), recent research provides concluding
evidence to associate haematological variables with the
higher survival advantage of NHW over AAs (Wang et
al., 2015). An example of a possible mechanism might
indicate that poorer health of AA patients at diagno-
sis, evidenced through low Haemoglobin levels, can
contribute to a worse tumour prognosis, and a worse
tumour prognosis increases the mortality disparity (see
Figure 2(d)).

The previous mechanisms were built using signif-
icant factors and hypothetical relationships that are
presented in the discussion sections of the papers. But
mechanisms like these are rarely modelled using exist-
ingdata.Modellingmechanisms canbehelpful to better
quantify factor effects and target interventions on the
factors with higher effects. In what follows, we present
several frameworks for modelling mechanisms:

• Bayesian networks. Mechanisms can be graph-
ically represented using directed acyclic graphs
(DAGs), where the factors are nodes and the in-
fluence of one factor in another is represented
through an arrow pointing at the direction of the
influenced factor. In its nonparametric form,DAGs
can represent Bayesian Networks, where factors
are interconnected through their probabilistic de-
pendencies (e.g., the conditional dependence of
factor B on A can be represented as a node A with
an arrow pointing towards node B). The whole
graph maps the joint probability distribution of
all the factors. The advantage of Bayesian Net-
works is that factors effects can be easily inter-
preted throughmarginal probabilities computable
from the network. Bayesian Networks have been

previously used to predict cancer diagnosis and to
characterise treatment recommendations (Soto et
al., 2017; Waleska et al., 2015).

• Structural equation models. Mechanisms can also
be represented throughpathdiagrams,wherenodes
represent either observed or latent variables, and
arrows can be directed (indicating the orienta-
tion of the influence) or undirected (indicating
correlations without orientation of the influence).
Path diagrams are used tomap structural equation
models, where some assumptions are imposed to
represent the influence of one factor in another
(e.g., a node A with arc point towards node B
representsB = α∗A, whereα represents the effect
of A in B, homogeneous across the population un-
der study (Aalen et al., 2012)). Structural equation
models can be used to conduct mediation anal-
yses that validate association patterns explaining
the mortality outcomes. For example, mediation
analysis has been helpful to validate that insurance
types such us Medicare, Medicaid, public, or no
insurance are covering AAs more frequently, and
insurance types significantly explainBCmortality.
Hence, there is a possible mechanism where the
effect of race in BC mortality is mediated through
effect of insurance type (Yu et al., 2014).

• Computer simulations. In simulations, the tumour
progression per patient is modelled subject to the
effect of socio-demographic and treatment effec-
tiveness parameters. Simulation parameters can
be computed frommultiple data sources, andhence
dataharmonisationproceduresmightnot beneeded.
Simulations can generate scenarios that are very
difficult to observe in reality (e.g., in a simulation
with NHW parameters, some parameter values
can be replaced by those of the AAs to observe
the effect in mortality).

We believe that the previous modelling frameworks
may benefit from the new information available on
the associations between cellular proteins, associated
genes, andgene alterations in themortality disparity per
ethnicity. It would be interesting to observe in which
way external factors like lifestyle, resource deprivation,
and health care interact with each other to influence
(or be influenced by) cellular components. Exploration
of these mechanisms is seldom found in the literature
(Slattery et al., 2015b).

4.2. Monitor factors associatedwith themortality
disparity across time.

At present, Cox regression models are used to under-
stand the multivariate effect of factors in the survival
time. However, we were not able to find modelling
frameworks that monitor factors associated with dis-
parities across time. Monitoring might be used to con-
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(a) (b)

(d)(c)

Figure 2. Plausible mechanisms interconnecting factors influencing mortality disparities.
Notes: Factor names are inside the nodes, and the nodes are interconnected through arrows. The arrow direction indicates the direction of the influence from
one factor to another.

tinuously detect deviations from expected patterns that
might be signalling a disparity. Consider the case of
radiotherapy adherence. If a statistical control chart is
implemented to detect cases in which radiotherapy was
expected but it was never administered, it may be possi-
ble to conduct retrospective chart reviews on the fewer
anomalous cases indicated by the control chart and
the final mortality outcomes. Findings can be used for
quality improvement efforts within the health care cen-
tres administering radiotherapy. In the United States,
it might be possible to conduct statistical monitoring
using data from SEER and hospital cancer registries.

4.3. Increase the collection of behavioural data

Lifestyle factors are significant contributors to the racial
mortality disparity. To analyse lifestyle factors, reg-
istries were linked to additional data sources including
interviews (Izano et al., 2014; Slattery et al., 2014b),
census data, and retrospective chart reviews (Hershman
et al., 2006;Meng et al., 1997a).Wewere not able to find
studies that used lifestyle data gathered directly from
local/state/national cancer registries. We believe this
limitation might discourage further research for asso-
ciations between racial mortality disparity and lifestyle.
Cancer centres might benefit the research community

by further customising their databases and data collec-
tion procedures to capture such relevant information.

5. Conclusion

We conclude that the literature is very consistent in
identifying that delayed or poor-quality health care,
high resource deprivation, poor physical status, and
advanced tumour stage are associated with racial dis-
parities in BC mortality. There is an increasing body of
research investigating cellular mechanisms, and several
genes have already been identified as contributors to BC
mortality disparities in Hispanic and (AI/AN) women.
We also found that the evidence about the association
of lifestyle choices with BC mortality disparities is still
weak, and might be improved by adapting electronic
medical records to collect behavioural data. Stronger
evidence is key for supporting policies aimed at pro-
moting better population lifestyles.

We also discussed the need to improve factor char-
acterisation by systematically exploring and evaluat-
ing mechanisms triggering racial mortality disparities.
Most of the models already used have been suitable
for understanding what factors are associated with a
disparity, but are unsuitable for testing mechanisms
aimed at determining the role of a factor in generating a
disparity. Testing mechanisms can be accomplished by
explicitly modelling factor relationships (e.g., Bayesian
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networks and structural equationmodels), and by eval-
uating scenarios for which data cannot be collected
in reality (e.g., computer simulations). In addition, it
may be important to further integrate novel genetic
information into the mechanisms to be evaluated.

Finally, we observe that the use of systems that mon-
itor factors across time might be helpful for the timely
detection of patterns that can be hard to observe with
aggregated data.

6. Limitations

Although our literature review is comprehensive, it is
limited in the systematic procedures taken for paper
search and screening. The search was conducted in the
MEDLINE and not the EMBASE database. In addition,
the number of papers for which there was disagreement
in the inclusion criteria was not recorded.

We also note that the review is limited to the pa-
pers addressing racial disparities in BCmortality. Other
endpoints, including racial disparities in BC incidence
and treatment adherence, were not discussed in this
paper and may be subject to future research.
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