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Precision medicine offers a precious opportunity to change clinical practice and disrupt medicine’s reliance on crude racial, ethnic, or ancestral categories by focusing on an individual’s unique genetic, environmental, and lifestyle characteristics. However, precision medicine and the genomic studies that are its cornerstone have thus far failed to account for human diversity. This failure is made clearer when looking at individuals who encapsulate a mosaic of different genetic ancestries and do not fit neatly into existing population labels. This piece argues that precision medicine continues to rely on the same forms of crude categorization it seeks to unsettle. Until the scientific community creates inclusive solutions for individuals who fall outside or between our existing population labels, precision medicine will continue to fall short in its aims.
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INTRODUCTION
An increasing number of individuals are defying the crude systems of racial, ethnic, and ancestral categorization used in medicine and society. For instance, over the past decade, the number of Americans who self-identify as multiracial has more than doubled (https://www.census.gov/library/stories/2021/08/improved-race-ethnicity-measures-reveal-united-states-population-much-more-multiracial.html) and increased globalization and population migration have resulted in greater genetic admixture—defined as the recent combination of two or more genetic ancestries. (Korunes and Goldberg, 2021). For those of us who do not fit neatly into existing racial, ethnic, or ancestral population labels, the problematic practice of categorizing people into discrete groups can be especially exclusionary. Precision medicine is one area in which such individuals are being left behind. In this Commentary, we argue that realizing the aims of precision medicine requires the medical genomics community to comprehensively study and analyze data from those who cannot be classified into existing population labels.
Precision Medicine
Precision medicine examines how an individual’s unique genetic, environmental, and lifestyle characteristics come together to inform health. Instead of one-size-fits-all approaches to medical decisions, interventions, and treatments, precision medicine focuses on customization to the individual. Central to enabling such customization is medical genomics research–a heavily funded research priority for precision medicine (https://www.genome.gov/news/news-release/NHGRI-awards-73million-to-continue-building-Clinical-Genome-Resource-ClinGen). Researchers in medical genomics use genome-wide association studies (GWAS) to identify fine-grained differences in the DNA sequences of related and unrelated individuals. Aggregating the small effects of thousands of genetic variants identified through GWAS, polygenic scores (PGS) are used to estimate a person’s likelihood of exhibiting a particular phenotype (e.g., cardiovascular disease). Recent efforts in precision medicine have focused on how PGS might be used in combination with environmental risk scores (ERS) to screen individuals for diseases such as cancer.
The advent of precision medicine offers a precious opportunity to move beyond mutually exclusive categories such as race (Raut et al., 2021; Bonham et al., 2016) and account for human genetic diversity among individuals within and between populations. (Lewontin et al., 1972). GWAS and PGS could enable clinicians to make more accurate diagnoses and tailor treatments using an individual’s genome instead of self-identified or inferred race or ethnicity. However, while precision medicine carries the promise of improving clinical care, preventing and treating disease, and rejecting the use of race-based corrections in medicine, (Ashley, 2015; Cerdeña et al., 2020), it has thus far failed to deliver. Such failures are made clearer when examining how medical genomics handles admixed individuals who encapsulate more than one genetic ancestry.
The Limitations of Precision Medicine for Admixed Individuals
Despite the rapidly decreasing costs associated with conducting GWAS, the overwhelming majority of genomic studies use samples from European genetic ancestries (https://gwasdiversitymonitor.com/); this restricts the potential benefits of genomics research on health to a narrow subset of the global population while also introducing sampling bias. (Popejoy and Fullerton, 2016). The challenges of population stratification, coupled with Euro-centric biases in genomic databases, mean that PGS derived from GWAS have systematically lower predictive performance when applied to understudied populations. As a result, the disease risk of non-European populations, including admixed populations, are either under- or over-estimated using existing PGS. (Martin et al., 2017). Any benefits afforded by PGS are less likely to accrue among people of non-European ancestry and more likely to exacerbate health disparities in disease treatment. (Martin et al., 2019).
In an effort to increase and diversify the sampling of participants, we must build databases that better reflect the global population, and widen the applicability of precision medicine research. Initiatives such as the NIH-funded All of Us Research Program are emerging (https://allofus.nih.gov/) to respond to this unmet need. However, initiatives such as these will never realize the full benefits of precision medicine unless explicit attention is devoted to finding ways to study admixed individuals in medical genomics research; this includes both existing admixed populations (e.g., Hispanic or Latin American) and recently admixed individuals who fall outside of already-defined admixed population categories.
Although genetics researchers are beginning to conduct studies with samples from diverse populations that encapsulate more than one genetic ancestry (e.g., self-identified African American or Hispanic/Latin American), (Wojcik et al., 2019; Gopalan et al., 2021), the vast majority of studies continue to deprioritize and discard admixed samples, citing inadequate sample sizes and technical complexities. (Peterson et al., 2019; Ben- Eghan et al., 2020).
These issues are further exacerbated for recently admixed individuals. First and second-generation admixed individuals are often grouped into monolithic categories such as ‘Other admixed ancestry,’ (Morales et al., 2018) ‘Other and other admixed,’ or ‘Multiple’ (https://www.ebi.ac.uk/gwas/docs/ancestry-data). Aggregating individuals into these categories may help to increase statistical power, but it denies researchers opportunities to examine relationships between the unique sociocultural factors and genetic characteristics that come together to shape an individual’s health and well-being.
Current genomic methods are especially insufficient for analyzing data from first and second generation admixed individuals. Continental ancestry categories (e.g., European, African) are the most common type of group label in genomics research. (Panofsky and Bliss, 2017; Lewis et al., 2021). The overreliance on continental ancestry categories not only encourages dangerous slippage between genetic ancestry and race, (Panofsky and Bliss, 2017), it disincentivizes researchers from finding ways to include those who fall outside a broad continental grouping. For instance, an individual who is a recent combination of Greater Middle Eastern genetic ancestry and South East Asian genetic ancestry is likely to be categorized as ‘Other and other admixed’ and will be discarded from genomic analyses because they cannot be assigned to a distinct regional population grouping.
The current limitations of medical genomics raise important scientific and ethical considerations regarding missed scientific opportunities, underrepresentation in research, and participants’ efforts to contribute to science. It is ethically problematic to continue inequitable resource allocations that drive underrepresentation in genomic studies, (Fatumo et al., 2022), just as it is ethically problematic to recruit participants for research and then discard their contributions from analyses. The consequence of such practices for precision medicine is that many do not currently stand to benefit from research into pharmacogenetics or disease risk prediction and will continue to be left behind even as the field outwardly seeks to diversify biobanks.
Possible Solutions
To address these issues, precision medicine must first recognize, incorporate, and amplify the work of researchers who are already grappling with issues of diversity and equity in clinical and healthcare contexts in and outside of genetics. (Panofsky and Bliss, 2017; Lewis et al., 2021). This means expanding the range of voices given decision-making capacities and committing to an ethos of diversity in research and the workplace. (McFarling, 2021), (Thomas et al., 2021) Researchers must also prioritize community-engaged efforts that focus on building dynamic two-way partnerships instead of transactional exchanges for which data collection is an endpoint. Implementing more inclusive approaches to how precision medicine is carried out will introduce new perspectives and ways of thinking that can help to improve our current methods of analysis in genomics to account for admixed individuals.
In support of improving health outcomes and enhancing disease prevention and treatment, precision medicine should also consider whether existing systems of classification, methodological approaches, and research priorities are appropriate. We join others in cautioning against our default use of continental ancestral groupings in genetics. (Lewis et al., 2021). Although admixed individuals, who are considered a mixture of broad continental groups, may be used to compound population labeling, (Lewis et al., 2021), we believe that admixed individuals such as ourselves offer a chance to escape from it. The limited framework for attaining diversity in genomics have negative consequences for those of us who do not fit into a box. Therefore a critical and reflexive audit of how precision medicine research is conducted, who it benefits, and the changes required, calls for additional specific attention to those who cannot be classified using our current population schema. Studying rather than ignoring recently admixed populations is not only a scientific and ethical imperative, it will provide opportunities to develop novel methods and analytic techniques that resist continental ancestry groups and help realize the full potential of precision medicine for all. (Peterson et al., 2019).
Finally, precision medicine initiatives must prioritize investigations of the social context and the role of social and environmental factors including structural racism in shaping human health. If we want precision medicine to benefit all and not just some, the research enterprise needs to understand the systems-level factors that contribute to health disparities. (Newman, 2021). Individuals who defy the crude systems of racial, ethnic, and ancestral categorization used in medicine and society carry unique lived experiences that cannot be captured by genetics alone. These experiences are shaped by social contexts and hold potentially important health implications. Understanding the multitude of ways that individuals who do not fit into a box experience health is critical to offering genuinely customizable healthcare.
CONCLUSION
Precision medicine is failing those who do not fit neatly within our crude systems of categorization—whether they be racial, ethnic, or genetic ancestral. The limitations of precision medicine for recently admixed individuals who cannot be described using existing population labels illustrate this. Precision medicine will not dismantle our reliance on reductionist categorizations by using the very tools that require them. And, it will not improve health outcomes with biased genomic databases that leave out large swaths of the global population and distract from the social structures and systems that contribute to health. Until we recognize the limitations of our approach to precision medicine and seriously grapple with who it leaves out, we cannot rely on it to systematically improve how we prevent and treat disease.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
DM and JY jointly conceived paper topic and key arguments. Both authors worked equally on earlier iterations of the manuscript before DM took primary responsibility for incorporating feedback and finalizing the manuscript. DM is lead author.
FUNDING
This manuscript is supported by grant T32HG008953 (The Stanford Training Program in ELSI Research) and grant 19SFRN34830054 (The American Heart Association Arrhythmias Sudden Cardiac Death Strategically Focused Research Network).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ACKNOWLEDGMENTS
We would like to thank Emily Greenwald and Sam Trejo for their feedback on this manuscript.
REFERENCES
 Ashley, E. A. (2015). The Precision Medicine Initiative. JAMA 313, 2119–2120. doi:10.1001/jama.2015.3595
 Ben-Eghan, C., Sun, R., Hleap, J. S., Diaz-Papkovich, A., Munter, H. M., Grant, A. V., et al. (2020). Don't Ignore Genetic Data from Minority Populations. Nature 585, 184–186. doi:10.1038/d41586-020-02547-3
 Bonham, V. L., Callier, S. L., and Royal, C. D. (2016). Will Precision Medicine Move Us beyond Race?N. Engl. J. Med. 374, 2003–2005. doi:10.1056/nejmp1511294
 Cerdeña, J. P., Plaisime, M. V., and Tsai, J. (2020). From Race-Based to Race-Conscious Medicine: How Anti-racist Uprisings Call Us to Act. The Lancet 396, 1125–1128. 
 Fatumo, S., Chikowore, T., Choudhury, A., Ayub, M., Martin, A. R., and Kuchenbaecker, K. (2022). A Roadmap to Increase Diversity in Genomic Studies. Nat. Med. 28, 243–250. doi:10.1038/s41591-021-01672-4
 Gopalan, S., Smith, S. P., Korunes, K., Hamid, I., Ramachandran, S., Goldberg, A., et al. (2021). Human Genetic Admixture through the Lens of Population Genomics. ArXiv210912190 Q-Bio . doi:10.48550/arXiv.2109.12190
 Korunes, K. L., and Goldberg, A. (2021). Human Genetic Admixture. PLOS Genet. 17, e1009374. doi:10.1371/journal.pgen.1009374
 Lewis, A. C. F., Molina, S. J., Appelbaum, P. S., Fuentes, A., Ghosh, N., Dauda, B., et al. (2021). Getting Genetic Ancestry Right for Science and Society. ArXiv211005987 Q-Bio . doi:10.48550/arXiv.2110.05987
 Lewontin, R. C. (1972). “The Apportionment of Human Diversity,” in Evolutionary Biology ed . Editors T. Dobzhansky, M. K. Hecht, and W. C. Steere ( Springer US), 6, 381–398. doi:10.1007/978-1-4684-9063-3_14
 Martin, A. R., Gignoux, C. R., Walters, R. K., Wojcik, G. L., Neale, B. M., Gravel, S., et al. (2017). Human Demographic History Impacts Genetic Risk Prediction across Diverse Populations. Am. J. Hum. Genet. 100, 635–649. doi:10.1016/j.ajhg.2017.03.004
 Martin, A. R., Kanai, M., Kamatani, Y., Okada, Y., Neale, B. M., and Daly, M. J. (2019). Clinical Use of Current Polygenic Risk Scores May Exacerbate Health Disparities. Nat. Genet. 51, 584–591. doi:10.1038/s41588-019-0379-x
 McFarling, U. L. (2021). ‘Health Equity Tourists’: How white Scholars Are Colonizing Research on Health Disparities. Boston, MA: STAT. Available at: https://www.statnews.com/2021/09/23/health-equity-tourists-white-scholars-colonizing-health-disparities-research/. 
 Morales, J., Welter, D., Bowler, E. H., Cerezo, M., Harris, L. W., McMahon, A. C., et al. (2018). A Standardized Framework for Representation of Ancestry Data in Genomics Studies, with Application to the NHGRI-EBI GWAS Catalog. Genome Biol. 19, 21. doi:10.1186/s13059-018-1396-2
 Newman, A. M. (2021). Moving beyond Mistrust: Centering Institutional Change by Decentering the white Analytical Lens. Bioethics 36, 267–273. doi:10.1111/bioe.12992
 Panofsky, A., and Bliss, C. (2017). Ambiguity and Scientific Authority. Am. Sociol. Rev. 82, 59–87. doi:10.1177/0003122416685812
 Peterson, R. E., Kuchenbaecker, K., Walters, R. K., Chen, C.-Y., Popejoy, A. B., Periyasamy, S., et al. (2019). Genome-wide Association Studies in Ancestrally Diverse Populations: Opportunities, Methods, Pitfalls, and Recommendations. Cell 179, 589–603. doi:10.1016/j.cell.2019.08.051
 Popejoy, A. B., and Fullerton, S. M. (2016). Genomics Is Failing on Diversity. Nature 538, 161–164. doi:10.1038/538161a
 Raut, J. R., Schöttker, B., Holleczek, B., Guo, F., Bhardwaj, M., Miah, K., et al. (2021). A microRNA Panel Compared to Environmental and Polygenic Scores for Colorectal Cancer Risk Prediction. Nat. Commun. 12, 4811. doi:10.1038/s41467-021-25067-8
 Thomas, S. P., Amini, K., Floyd, K. J., Willard, R., Wossenseged, F., Keller, M., et al. (2021). Cultivating Diversity as an Ethos with an Anti-racism Approach in the Scientific enterprise. Hum. Genet. Genomics Adv. 2, 100052. doi:10.1016/j.xhgg.2021.100052
 Wojcik, G. L., Graff, M., Nishimura, K. K., Tao, R., Haessler, J., Gignoux, C. R., et al. (2019). Genetic Analyses of Diverse Populations Improves Discovery for Complex Traits. Nature 570, 514–518. doi:10.1038/s41586-019-1310-4
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Martschenko and Young. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Precision Medicine Needs to Think Outside the Box		Introduction		Precision Medicine

		The Limitations of Precision Medicine for Admixed Individuals

		Possible Solutions





		Conclusion

		Data Availability Statement

		Author Contributions

		Funding

		Publisher’s Note

		Acknowledgments

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Genetics






OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





