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Abstract

Evidence shows that both biological and nonbiological factors contribute to health disparities. 

Genetics, in particular, plays a part in how common diseases manifest themselves. Today, 
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unprecedented advances in genetically based diagnoses and treatments provide opportunities for 

personalized medicine. However, disadvantaged groups may lack access to these advances, and 

treatments based on research on non-Hispanic whites might not be generalizable to members of 

minority groups. Unless genetic technologies become universally accessible, existing disparities 

could be widened. Addressing this issue will require integrated strategies, including expanding 

genetic research, improving genetic literacy, and enhancing access to genetic technologies among 

minority populations in a way that avoids harms such as stigmatization.

Health disparities between whites and vulnerable social groups such as racial/ethnic 

minorities are often rooted in nonbiological factors, such as socio-economic status. Indeed, 

race is a sociocultural construct, not a biological category. However, genetics plays a part in 

how common diseases manifest themselves and is thus worth exploring from a health 

disparities perspective.

Approximately 60,000 years ago, small groups of people left Africa to populate the 

remaining continents.1 Environmental forces encountered during thousands of years of 

migration (such as famine, climate, and disease) in some cases favored genetic differences 

that allowed certain people to live longer and reproduce more successfully than others.2 The 

imprint of these evolutionary forces remains visible in human genes, and genetics can be 

used to detect, prevent, and treat disease in ways that recognize ancestral differences (that is, 

differences based on the continental origin of a person’s ancestors).

The past decade has seen major leaps forward in genetic technologies and medical therapies 

that are tailored to individuals. This has provided a foundation for the Precision Medicine 

Initiative, launched by President Barack Obama in 2015, which will collect and analyze 

information from a million volunteers and generate new understanding of how genetics, 

environment, and lifestyle contribute to disease.3 However, new genetic technologies such as 

next-generation sequencing may be implemented in ways that perpetuate and even widen 

health disparities.

These technologies can detect mutations not only across the entire genome, but also in 

tumors themselves. The technologies have heightened awareness of the complexity and 

heterogeneity of diseases such as cancer and brought the promise of precision medicine 

closer to reality. Large-scale high-throughput technologies have also advanced the field of 

epigenetics, which describes chemical modifications to DNA that may alter gene expression 

without altering the DNA sequence itself. In contrast to genetic mutations, which remain 

fixed throughout a lifetime, epigenetic changes can be affected by lifestyle behaviors (such 

as diet, smoking, and physical activity). A growing body of research seeks to understand 

how socioeconomic status contributes to health disparities through epigenetic mechanisms.4

Despite the impressive leaps forward in genetics, not all groups are positioned to benefit 

from discoveries in the field. Breast cancer and chronic kidney disease represent two 

common diseases for which genetic and molecular knowledge have grown exponentially but 

for which racial and ethnic health disparities persist. In this article we illustrate how genetics 

has been used to combat breast cancer and kidney disease and discuss how to advance 
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genetic applications in health care in a way that reduces racial and ethnic disparities instead 

of widening them.

Using Genetics To Combat Disease

Hereditary Breast Cancer

The most common cause of hereditary breast cancer is hereditary breast and ovarian cancer 

syndrome, which is caused by mutations in the BRCA1 or BRCA2 genes. Eighty-five 

percent of women with the mutations (compared to 12 percent of women in the general 

public) will develop cancer, and 27–44 percent of women with the mutations (compared to 

1.5 percent in the general public) will develop ovarian cancer. Women with the mutations 

can receive intensive cancer surveillance (for instance, having repeated screening by 

magnetic resonance imaging as well as mammography, and beginning mammography at a 

younger age than usual) and risk-reducing surgeries (such as mastectomies and removal of 

the ovaries). Among those who have the mutations, these surgeries have been shown to 

reduce cancer and mortality, compared to those who do not elect surgery.5

Studies indicate that African American and Hispanic women—including those with strong 

family histories of cancer—are much less likely than white women to receive genetic 

counseling or genetic testing for breast cancer.6 Studies have reported that only 28 percent of 

at-risk African American women receive genetic counseling and testing, with low rates for 

Hispanic women as well.7,8 National data from commercially insured patients with newly 

diagnosed early-onset breast cancer showed that only 30 percent of those diagnosed had 

received genetic testing.8

Because third-party insurance, Medicare, and some Medicaid plans cover testing for the 

BRCA1 and BRCA2 mutations, with costs waived for people with financial hardship, 

affordability does not appear to be the issue. Instead, the reasons for the disparities in 

genetic counseling and testing may be social and educational. In 2010 researchers from the 

Centers for Population Health and Health Disparities, a network of university-based research 

centers, documented that misconceptions about breast lumps—for example, that a 

nonpainful lump does not require medical evaluation—were more common among members 

of racial/ethnic minority groups and were associated with delays in seeking treatment.9 In 

minority communities, low awareness of familial cancer risk and social and cultural beliefs, 

such as those that lead to stigma about hereditary cancer, also appear to contribute to 

disparities in the use of genetic services.10

In addition, evidence shows that one-third of African American women at high risk for 

hereditary breast cancer have not been referred for genetic counseling and testing, and 

physicians whose patients were mostly minorities were less likely than other physicians to 

order genetic tests.9–12 Among women who do receive genetic counseling, members of 

minority groups are as likely to pursue genetic testing as whites are.13 Education of both 

patients and health care providers may reduce culturally and racially based obstacles to 

genetic testing.
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Genetics research aimed at reducing racial/ ethnic disparities should be built on a multilevel 

transdisciplinary foundation.14 Within the Centers for Population Health and Health 

Disparities, investigators from the Partnership to Understand and Eliminate Disparate 

Outcomes (PUEDO) at the Fred Hutchinson Cancer Research Center are partnering with 

Mexican American women to explore the women’s ancestry and breast cancer and the role 

of genetic testing in reducing breast cancer disparities between Mexican American and white 

women.15

PUEDO investigators found low levels of genetic literacy among rural Mexican Americans 

in the study, but the investigators suggested that community-based participatory research 

approaches could facilitate health awareness and improve the dissemination of genetic 

information.15 In a linked project, investigators will examine the ancestral heterogeneity of 

study participants (with European, American Indian, and African ancestry) and test for 

relationships between the genetic markers that reflect ancestral origins and disease. Such 

research will inform individualized assessment of risk and facilitate health care that is more 

appropriate than current care.

Consensus among genetic ethicists has discouraged the use of genetic tests that are 

not clinically useful.

Such studies may uncover new genetic sequences that are not yet recognized as risk markers 

for breast cancer. The genetic databases on which clinical decisions about treating breast 

cancer rely are incomplete for minority groups, which severely undermines the quality of 

genetic testing in those who do receive it. The “normal” genetic sequence of the BRCA1 and 

BRCA2 genes was determined based on information about women of European or 

Ashkenazi descent, in whom risk is often determined based on a small, well-defined group 

of mutations. In contrast, it is not always possible to distinguish normal versus abnormal 

sequences in women from racial/ ethnic minority groups. Such women are more likely than 

white women to receive ambiguous results from genetic testing for breast cancer.16 This 

situation perpetuates disparities in personalized health care based on genetic information.

Sporadic Breast Cancer

Although hereditary breast cancer has achieved a high level of public visibility, up to 90 

percent of breast cancers are considered “sporadic”—that is, without known family history. 

For sporadic breast cancer, many recent clinical breakthroughs have emerged based on new 

knowledge of genetic markers, which have dramatically changed the landscape of breast 

cancer treatment over the past decade.

Sporadic breast cancer is the most common cancer among women, and, compared to white 

women, minority women tend to be diagnosed with more advanced disease and to 

experience worse five-year survival rates with sporadic breast cancer.17–19 Genetic 

approaches and tools hold great promise for understanding and addressing the roots of these 

disparities. Moreover, understanding epigenetics may shed light on how the genetic control 

of cell division becomes deregulated and causes cancer.

Based on analyses of genetic data and tumor markers, breast cancer is increasingly 

recognized as a heterogeneous disease with multiple subtypes. Differences in tumor biology
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—or, more appropriately, tumor aggressiveness—contribute strongly to the observed racial/

ethnic disparities in breast cancer stage at diagnosis and survival rates.20,21 A study by 

Javaid Iqbal and coauthors22 supports the concept of a racial/ ethnic disparity in tumor 

aggressiveness, which refers to the higher prevalence of certain types of breast cancer in 

non-Hispanic black women than in non-Hispanic white women.23–26 Aggressive tumors lack 

common therapeutically targetable proteins—the estrogen receptor, progesterone receptor, 

and human epidermal growth factor receptor 2, known as HER2.27 Tumors lacking all three 

proteins are called “triple negative” tumors, and they are less amenable to treatment and are 

associated with worse prognosis, compared to tumors that contain these proteins.

The reasons for the greater prevalence of tumors that lack the estrogen receptor and those 

that lack the progesterone receptor, as well as of triple negative tumors, in non-Hispanic 

black women, compared to non-Hispanic white women, are a focus of ongoing research. 

Previous studies have suggested that socioeconomic status might account for these 

disparities.28,29 However, a large nationwide survey showed that, compared to non-Hispanic 

white women, non-Hispanic black women had odds that were about twice as high of being 

diagnosed with triple negative tumors, regardless of socioeconomic status.30 Furthermore, a 

recent study of racial variation in breast tumor methylation (a type of epigenetic change) 

suggested that methylation patterns of breast tumors, particularly the more aggressive ones, 

may differ depending on whether the patient’s ancestry is African or European, and that the 

racial differences could also contribute to cancer risk.31

A more complete understanding of the triple-negative breast cancer subtype, in particular, is 

needed to expand treatment options. One of the most promising research efforts comes from 

the Molecular Taxonomy of Breast Cancer International Consortium (METABRIC), which 

developed more refined tumor classification schemes that better reflect the range of breast 

cancer subtypes, compared to previous schemes. By integrating genomic and gene 

expression data across cancers, METABRIC was able to classify cancers into ten integrative 

clusters.32,33 The clusters can be mapped to distinct clinical outcomes, such as more or less 

aggressive tumors, and may therefore expand our understanding of the underlying biology 

and molecular drivers of breast cancer.

For example, cluster 10 includes high-grade triple-negative tumors that afflict young women 

and identifies a characteristic group of mutations. High-grade cancers are often faster 

growing, frequently metastasize, and are more likely than other cancers to recur after 

treatment. There is a greater prevalence of high-grade triple-negative tumors in non-Hispanic 

black women than in white women, but unfortunately few data exist on the prevalence of 

these integrative clusters in the former population.

Data are also lacking on how women who are genetically at risk for cancer might prevent the 

occurrence of triple-negative tumors through lifestyle changes or by avoiding certain 

environmental exposures. Data from a research consortium suggested that women who have 

not breastfed infants are at increased risk of these tumors and that promotion of lactation 

may be effective in reducing these types of cancers.34 In a large analysis of the impact of 

lifestyle factors on breast cancer, a woman’s age at the birth of her first child appeared to be 
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the only factor associated with risk in women with mutations in the BRCA1 gene—with 

older maternal age being associated with less risk.35

Many promising markers and signatures from molecular, genomic, and epigenetic databases 

have the potential to explain the racial/ethnic disparity in tumor aggressiveness in sporadic 

breast cancer. Epigenetic markers may be especially informative about groups that are 

exposed to environmental risks, such as food deserts, unsafe streets, stress, and pollution. 

However, the small samples of tumors from minority women available for study, insufficient 

details about patient and tumor characteristics in the data, and limited follow-up information 

on minority women continue to limit translation of genetic knowledge into clinical benefits 

for all individuals.

Chronic Kidney Disease

As noted above, health disparities can arise biologically from the selection of genetic 

variants that were advantageous for survival at certain stages in humans’ evolutionary 

history. Several genetic variants that protect against deadly infectious diseases have also 

been shown to contribute to racial and ethnic disparities in risk for chronic kidney disease. 

For instance, genetic variants in the APOL1 gene are protective against African 

trypanosomiasis (sleeping sickness), but they are also associated with kidney disease.36

As early as 1977 African Americans were known to have nearly four times the risk of end-

stage renal disease as European Americans. This disparity is likely driven by the faster 

progression of kidney disease in African Americans than in European Americans and cannot 

be explained solely by traditional risk factors, such as hypertension, diabetes, and 

socioeconomic status.37–41

One of the clearest messages from genetic studies is that cancer is much more 

biologically heterogeneous than originally recognized.

The advent of DNA microarray technology, which makes it possible to examine thousands 

of genetic variants at once, led to what is known as admixture mapping to facilitate the 

understanding of relationships among continental ancestral origins, genetics, and disease.42 

Admixture mapping takes advantage of the small proportion of genetic variants that differ in 

frequency across populations. Two years after the initial admixture mapping studies for renal 

disease began in the early 2000s, the APOL1 gene was identified as being associated with 

renal disease risk, and the risk genotypes were established.36,43

Researchers determined that high-risk genotypes of APOL1 exist in up to one of six 

individuals of African ancestry (16.6 percent) but are extremely rare in European 

Americans.44 Having these genotypes can increase a person’s risk of kidney disease by up to 

seven times, compared to someone without the genotypes.36

However, the molecular mechanisms by which APOL1 genotypes increase kidney disease 

risk are unknown, and thus treatments that specifically target individuals with high-risk 

genotypes—including lifestyle interventions to reduce disease risk—have not yet been 

identified. Whether testing individuals for these high-risk APOL1 genotypes and 

communicating the test results to physicians and patients would improve kidney disease 
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outcomes is an area of intense research interest. For instance, the Genetic Testing to 

Understand and Address Renal Disease Disparities (GUARDD) trial is recruiting patients to 

investigate the impact of knowing whether or not a patient has the APOL1 genotype on 

prevention and treatment of chronic kidney disease.45

Ethical Considerations

Providers and patients must be educated to understand the risks, benefits, and 

limitations of genomic, epigenetic, and molecular research.

Despite the promise of genetic and molecular technologies in understanding the emergence 

of disparities in the prevalence, severity, treatment, and survival rates of certain diseases, 

substantial obstacles—including incomplete genetic databases, inadequate treatment options, 

and poorly understood disease mechanisms—limit the clinical application of genetic 

knowledge to all groups. Even if disparities in access to genetic counseling and testing could 

be overcome, understudied minority communities might still be less likely than whites to 

benefit from current and emerging genetic technologies.

In addition, there are a number of ethical concerns involved in identifying genetic 

contributions to disease risk that are more common in, or largely confined to, certain 

populations or groups with particular ancestries. For instance, linking health disparities to 

genetic causes may make those disparities seem less amenable to public health intervention. 

That would not only risk stigmatization of the individuals and populations at highest risk but 

would also neglect significant socioeconomic or environmental contributors to health 

disparities.

Additionally, genetic or molecular testing might reveal a condition for which treatment is 

limited, and for which prognosis is likely to be poor. Consensus among genetic ethicists has 

discouraged the use of genetic tests that are not clinically useful, such as testing for certain 

genotypes of the APOE gene to predict the risk of Alzheimer’s disease. Genetic research 

should focus less on diagnostics and more on targeting treatments to people who are most at 

risk. Only then will the anticipated reduction in health disparities be realized.

Policy Recommendations

For genetic technologies to deliver on their promise of facilitating the use of precision 

medicine for everyone and reducing health disparities, efforts are needed inside and outside 

of the scientific arena. We highlight our policy recommendations below.

Minority-Focused Genetic Research

People of non-European ancestry are underrepresented in the genetic databases on which 

genetic studies rely. Genetic research requires the enrollment and retention of sufficient 

numbers of individuals to assess the impact of genetic variability on complex diseases such 

as cancer and kidney disease. Large-scale databases are necessary for differentiating 

between genetic variants that are protective or neutral and those that increase risk, 

understanding disease mechanisms, and treating disease based on genetic information. More 
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research should be dedicated to identifying and understanding the full range of genetic 

diversity in all people, and more funding is needed for minority-focused genetics research.

Community-Based Participatory Research

Certain forms of research have had greater success than others at recruiting and retaining 

minority participants. One relatively successful form is community-based participatory 

research,46 which engages study participants in the research process to promote trust and 

transparency. Community-based participatory research programs and interventions have 

been shown to be effective and sustainable and to create partnerships with community 

members that offer opportunities to promote genetic literacy.47 The PUEDO study,15 for 

instance, used a community-based research approach.

Research On Gene-Environment Interactions

A person’s environment, as created through lifestyle behaviors, can exacerbate or ameliorate 

his or her genetic risk of disease, but the understanding of how environmental factors can 

best prevent disease is especially limited. One of the clearest messages from genetic studies 

is that cancer is much more biologically heterogeneous than originally recognized and that 

genetics is key to understanding this heterogeneity.

Similarly, the impact of a person’s environment on disease—for example, through dietary or 

lifestyle changes—may differ among individuals with different genetic backgrounds. 

Genetic information could be used, for example, to inform tailored, population-level health 

interventions that target lifestyle behaviors or to understand how genetic variation modulates 

individual response to lifestyle interventions, such as a change in diet. Epigenetics research 

and, more broadly, research on the interactions between genes and one’s environment should 

be funded.

Education

The application of genetic technologies to reducing health disparities cannot be achieved 

solely by improving the scientific knowledge base. Health care providers and patients must 

also be educated to understand the risks, benefits, and limitations of genomic, epigenetic, 

and molecular research. Educational challenges for both patients and providers may be 

greater in community health settings than in academic or research medical centers, because 

of resource constraints. Given that most people obtain health care services in community 

settings, support for education in these environments is especially critical.

Conclusion

Genetic technologies have dramatically expanded the understanding of common diseases 

and thereby increased the ability to prevent, diagnose, and treat them. However, people with 

non-European ancestries are underrepresented in genetic databases, which limits the ability 

to apply genetic knowledge to reduce disease in these groups. Failing to adequately fund 

minority-focused genetic research runs the risk of widening existing disparities on an ever-

increasing scale. This risk is best addressed by greater support for minority-focused 

research, community-based participatory research, and studies of gene-environment 
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interactions. Ideally, these targeted efforts will help narrow, rather than widen, genetically 

influenced health disparities.

Acknowledgments

The authors were supported by the following Centers for Population Health and Health Disparities grants from the 
National Cancer Institute and the National Heart, Lung, and Blood Institute (NHLBI). Beti Thompson, principal 
investigator (PI), Understanding and preventing breast cancer disparities in Latinas (Grant No. P50CA148143-01); 
David R. Williams, PI, Lung Cancer Disparities Center: jointly addressing race and socioeconomic status (Grant 
No. P50CA148596-01); Lisa A. Cooper, PI, Johns Hopkins Center to Eliminate Cardiovascular Health Disparities 
(Grant No. P50HL105187-01); Katherine L. Tucker, PI, Boston Puerto Rican Health Study—CVD risk factors 
(Grant No. P50HL105185-01); Electra D. Paskett, PI, Reducing cervical cancer in Appalachia (Grant No. 
P50CA105632-06); Lynda H. Powell, PI, Rush Center for Urban Health Equity (Grant No. P50HL105189-01); 
Alexander N. Ortega, PI, Family and neighborhood interventions to reduce heart disease risk in East Los Angeles 
(Grant No. P50HL105188-01); Richard Warnecke, PI, University of Illinois at Chicago Center for Population 
Health and Health Disparities (Grant No. P50CA106743-06); Alice S. Ammerman and Cam Patterson, PIs, Center 
for Reduced CVD Disparities: genes, clinics, and communities (Grant No. P50HL105184-01); and Dedra S. 
Buchwald, PI, Center for Native Population Health Disparities (Grant No. P50CA148110-01). Individual authors 
were also supported by the following awards and organizations: Caren Smith by the NHLBI (Grant No. K08 
HL112845); Keith Dookeran by the Komen Foundation and the Cancer Foundation for Minority and Underserved 
Populations; and Adrienne Tin by the Renal Disease Epidemiology Training Program at the National Institute of 
Diabetes and Digestive and Kidney Diseases (National Research Service Award No. T32DK007732).

NOTES

1. Tattersall I. Human origins: out of Africa. Proc Natl Acad Sci U S A. 2009; 106(38):16018–21. 
[PubMed: 19805256] 

2. Courtiol A, Pettay JE, Jokela M, Rotkirch A, Lummaa V. Natural and sexual selection in a 
monogamous historical human population. Proc Natl Acad Sci U S A. 2012; 109(21):8044–9. 
[PubMed: 22547810] 

3. White House. The Precision Medicine Initiative [Internet]. White House; Washington (DC): [cited 
2016 Jun 29]Available from: https://www.whitehouse.gov/precision-medicine

4. Demetriou CA, van Veldhoven K, Relton C, Stringhini S, Kyriacou K, Vineis P. Biological 
embedding of early-life exposures and disease risk in humans: a role for DNA methylation. Eur J 
Clin Invest. 2015; 45(3):303–32. [PubMed: 25645488] 

5. Domchek SM, Friebel TM, Singer CF, Evans DG, Lynch HT, Isaacs C, et al. Association of risk-
reducing surgery in BRCA1 or BRCA2 mutation carriers with cancer risk and mortality. JAMA. 
2010; 304(9):967–75. [PubMed: 20810374] 

6. Armstrong K, Micco E, Carney A, Stopfer J, Putt M. Racial differences in the use of BRCA1/2 
testing among women with a family history of breast or ovarian cancer. JAMA. 2005; 293(14):
1729–36. [PubMed: 15827311] 

7. Sheppard VB, Mays D, LaVeist T, Tercyak KP. Medical mistrust influences black women’s level of 
engagement in BRCA 1/2 genetic counseling and testing. J Natl Med Assoc. 2013; 105(1):17–22. 
[PubMed: 23862292] 

8. Levy DE, Byfield SD, Comstock CB, Garber JE, Syngal S, Crown WH, et al. Underutilization of 
BRCA1/2 testing to guide breast cancer treatment: black and Hispanic women particularly at risk. 
Genet Med. 2011; 13(4):349–55. [PubMed: 21358336] 

9. Rauscher GH, Ferrans CE, Kaiser K, Campbell RT, Calhoun EE, Warnecke RB. Misconceptions 
about breast lumps and delayed medical presentation in urban breast cancer patients. Cancer 
Epidemiol Biomarkers Prev. 2010; 19(3):640–7. [PubMed: 20200436] 

10. Allford A, Qureshi N, Barwell J, Lewis C, Kai J. What hinders minority ethnic access to cancer 
genetics services and what may help? Eur J Hum Genet. 2014; 22(7):866–74. [PubMed: 
24253862] 

11. Thompson HS, Sussner K, Schwartz MD, Edwards T, Forman A, Jandorf L, et al. Receipt of 
genetic counseling recommendations among black women at high risk for BRCA mutations. Genet 
Test Mol Biomarkers. 2012; 16(11):1257–62. [PubMed: 23057569] 

Smith et al. Page 9

Health Aff (Millwood). Author manuscript; available in PMC 2016 November 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.whitehouse.gov/precision-medicine


12. Shields AE, Burke W, Levy DE. Differential use of available genetic tests among primary care 
physicians in the United States: results of a national survey. Genet Med. 2008; 10(6):404–14. 
[PubMed: 18496223] 

13. Olaya W, Esquivel P, Wong JH, Morgan JW, Freeberg A, Roy-Chowdhury S, et al. Disparities in 
BRCA testing: when insurance coverage is not a barrier. Am J Surg. 2009; 198(4):562–5. 
[PubMed: 19800469] 

14. Warnecke RB, Oh A, Breen N, Gehlert S, Paskett E, Tucker KL, et al. Approaching health 
disparities from a population perspective: the National Institutes of Health Centers for Population 
Health and Health Disparities. Am J Public Health. 2008; 98(9):1608–15. [PubMed: 18633099] 

15. Malen R, Knerr S, Delgado F, Fullerton SM, Thompson B. Rural Mexican-Americans’ perceptions 
of family health history, genetics, and disease risk: implications for disparities-focused research 
dissemination. J Community Genet. 2015; 7(1):91–6. [PubMed: 26141228] 

16. Haffty BG, Silber A, Matloff E, Chung J, Lannin D. Racial differences in the incidence of BRCA1 
and BRCA2 mutations in a cohort of early onset breast cancer patients: African American 
compared to white women. J Med Genet. 2006; 43(2):133–7. [PubMed: 15983021] 

17. DeSantis C, Ma J, Bryan L, Jemal A. Breast cancer statistics, 2013. CA Cancer J Clin. 2014; 64(1):
52–62. [PubMed: 24114568] 

18. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin. 2014; 64(1):9–29. 
[PubMed: 24399786] 

19. Siegel R, Naishadham D, Jemal A. Cancer statistics for Hispanics/ Latinos, 2012. CA Cancer J 
Clin. 2012; 62(5):283–98. [PubMed: 22987332] 

20. Hunter CP. Epidemiology, stage at diagnosis, and tumor biology of breast carcinoma in multiracial 
and multiethnic populations. Cancer. 2000; 88(5, Suppl):1193–202. [PubMed: 10705354] 

21. Verma R, Bowen RL, Slater SE, Mihaimeed F, Jones JL. Pathological and epidemiological factors 
associated with advanced stage at diagnosis of breast cancer. Br Med Bull. 2012; 103(1):129–45. 
[PubMed: 22864058] 

22. Iqbal J, Ginsburg O, Rochon PA, Sun P, Narod SA. Differences in breast cancer stage at diagnosis 
and cancer-specific survival by race and ethnicity in the United States. JAMA. 2015; 313(2):165–
73. [PubMed: 25585328] 

23. Lund MJ, Butler EN, Hair BY, Ward KC, Andrews JH, Oprea-Ilies G, et al. Age/race differences in 
HER2 testing and in incidence rates for breast cancer triple subtypes: a population-based study and 
first report. Cancer. 2010; 116(11):2549–59. [PubMed: 20336785] 

24. O’Brien KM, Cole SR, Tse CK, Perou CM, Carey LA, Foulkes WD, et al. Intrinsic breast tumor 
subtypes, race, and long-term survival in the Carolina Breast Cancer Study. Clin Cancer Res. 2010; 
16(24):6100–10. [PubMed: 21169259] 

25. Bauer KR, Brown M, Cress RD, Parise CA, Caggiano V. Descriptive analysis of estrogen receptor 
(ER)-negative, progesterone receptor (PR)-negative, and HER2-negative invasive breast cancer, the 
so-called triple-negative phenotype: a population-based study from the California cancer registry. 
Cancer. 2007; 109(9):1721–8. [PubMed: 17387718] 

26. Ooi SL, Martinez ME, Li CI. Disparities in breast cancer characteristics and outcomes by race/ 
ethnicity. Breast Cancer Res Treat. 2011; 127(3):729–38. [PubMed: 21076864] 

27. Parise CA, Bauer KR, Brown MM, Caggiano V. Breast cancer subtypes as defined by the estrogen 
receptor (ER), progesterone receptor (PR), and the human epidermal growth factor receptor 2 
(HER2) among women with invasive breast cancer in California, 1999–2004. Breast J. 2009; 
15(6):593–602. [PubMed: 19764994] 

28. Gordon NH. Socioeconomic factors and breast cancer in black and white Americans. Cancer 
Metastasis Rev. 2003; 22(1):55–65. [PubMed: 12716037] 

29. Cross CK, Harris J, Recht A. Race, socioeconomic status, and breast carcinoma in the U.S.: what 
have we learned from clinical studies. Cancer. 2002; 95(9):1988–99. [PubMed: 12404294] 

30. Sineshaw HM, Gaudet M, Ward EM, Flanders WD, Desantis C, Lin CC, et al. Association of race/
ethnicity, socioeconomic status, and breast cancer subtypes in the National Cancer Data Base 
(2010–2011). Breast Cancer Res Treat. 2014; 145(3):753–63. [PubMed: 24794028] 

Smith et al. Page 10

Health Aff (Millwood). Author manuscript; available in PMC 2016 November 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



31. Conway K, Edmiston SN, Tse CK, Bryant C, Kuan PF, Hair BY, et al. Racial variation in breast 
tumor promoter methylation in the Carolina Breast Cancer Study. Cancer Epidemiol Biomarkers 
Prev. 2015; 24(6):921–30. [PubMed: 25809865] 

32. Guiu S, Michiels S, André F, Cortes J, Denkert C, DiLeo A, et al. Molecular subclasses of breast 
cancer: how do we define them? The IMPAKT 2012 Working Group Statement. Ann Oncol. 2012; 
23(12):2997–3006. [PubMed: 23166150] 

33. Dawson SJ, Rueda OM, Aparicio S, Caldas C. A new genome-driven integrated classification of 
breast cancer and its implications. EMBO J. 2013; 32(5):617–28. [PubMed: 23395906] 

34. Palmer JR, Viscidi E, Troester MA, Hong CC, Schedin P, Bethea TN, et al. Parity, lactation, and 
breast cancer subtypes in African American women: results from the AMBER Consortium. J Natl 
Cancer Inst. 2014; 106(10):dju237. [PubMed: 25224496] 

35. Friebel TM, Domchek SM, Rebbeck TR. Modifiers of cancer risk in BRCA1 and BRCA2 mutation 
carriers: systematic review and meta-analysis. J Natl Cancer Inst. 2014; 106(8):dju091. [PubMed: 
24824314] 

36. Genovese G, Friedman DJ, Ross MD, Lecordier L, Uzureau P, Freedman BI, et al. Association of 
trypanolytic ApoL1 variants with kidney disease in African Americans. Science. 2010; 329(5993):
841–5. [PubMed: 20647424] 

37. Easterling RE. Racial factors in the incidence and causation of end-stage renal disease (ESRD). 
Trans Am Soc Artif Intern Organs. 1977; 23:28–33. [PubMed: 910346] 

38. Rostand SG, Kirk KA, Rutsky EA, Pate BA. Racial differences in the incidence of treatment for 
end-stage renal disease. N Engl J Med. 1982; 306(21):1276–9. [PubMed: 7040967] 

39. Hsu CY, Lin F, Vittinghoff E, Shlipak MG. Racial differences in the progression from chronic renal 
insufficiency to end-stage renal disease in the United States. J Am Soc Nephrol. 2003; 14(11):
2902–7. [PubMed: 14569100] 

40. Derose SF, Rutkowski MP, Crooks PW, Shi JM, Wang JQ, Kalantar-Zadeh K, et al. Racial 
differences in estimated GFR decline, ESRD, and mortality in an integrated health system. Am J 
Kidney Dis. 2013; 62(2):236–44. [PubMed: 23499049] 

41. Tzur S, Rosset S, Skorecki K, Wasser WG. APOL1 allelic variants are associated with lower age of 
dialysis initiation and thereby increased dialysis vintage in African and Hispanic Americans with 
non-diabetic end-stage kidney disease. Nephrol Dial Transplant. 2012; 27(4):1498–505. [PubMed: 
22357707] 

42. Smith MW, Patterson N, Lautenberger JA, Truelove AL, McDonald GJ, Waliszewska A, et al. A 
high-density admixture map for disease gene discovery in African Americans. Am J Hum Genet. 
2004; 74(5):1001–13. [PubMed: 15088270] 

43. Tin A, Grams M, Maruthur NM, Astor B, Couper D, Mosley TH, et al. Hemostatic factors, APOL1 
risk variants, and the risk of end-stage renal disease in the Atherosclerosis Risk in Communities 
Study. Clin J Am Soc Nephrol. 2015; 10(5):784–90. [PubMed: 25887069] 

44. Matsha TE, Kengne AP, Masconi KL, Yako YY, Erasmus RT. APOL1 genetic variants, chronic 
kidney diseases and hypertension in mixed ancestry South Africans. BMC Genet. 2015; 16:69. 
[PubMed: 26112018] 

45. Horowitz CR, Abul-Husn NS, Ellis S, Ramos MA, Negron R, Suprun M, et al. Determining the 
effects and challenges of incorporating genetic testing into primary care management of 
hypertensive patients with African ancestry. Contemp Clin Trials. 2016; 47:101–8. [PubMed: 
26747051] 

46. Thompson B, Molina Y, Viswanath K, Warnecke R, Prelip ML. Strategies to empower 
communities to reduce health disparities. Health Aff (Millwood). 2016; 35(8):1424–29. [PubMed: 
27503967] 

47. Simonds VW, Wallerstein N, Duran B, Villegas M. Community-based participatory research: its 
role in future cancer research and public health practice. Prev Chronic Dis. 2013; 10:E78. 
[PubMed: 23680507] 

Smith et al. Page 11

Health Aff (Millwood). Author manuscript; available in PMC 2016 November 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Using Genetics To Combat Disease
	Hereditary Breast Cancer
	Sporadic Breast Cancer
	Chronic Kidney Disease

	Ethical Considerations
	Policy Recommendations
	Minority-Focused Genetic Research
	Community-Based Participatory Research
	Research On Gene-Environment Interactions
	Education

	Conclusion
	References

