
Biomedical and Health Informatics: 
Impact, Challenges, and Opportunities 

 
Nevada Institute of Personalized Medicine 

University of Nevada Las Vegas 
January 27, 2022 

 
William Hersh, MD 
Professor and Chair 

Department of Medical Informatics & Clinical Epidemiology 
School of Medicine 

Oregon Health & Science University 
Portland, OR, USA 

https://www.ohsu.edu/informatics 
Email: hersh@ohsu.edu 

Web: www.billhersh.info 
Blog: https://informaticsprofessor.blogspot.com/ 

Twitter: @williamhersh 
 
References 
 
Adler-Milstein, J., 2017. Moving Past the EHR Interoperability Blame Game. NEJM Catalyst. 
Adler-Milstein, J., Pfeifer, E., 2017. Information Blocking: Is It Occurring and What Policy 

Strategies Can Address It? Milbank Q 95, 117–135. https://doi.org/10.1111/1468-
0009.12247 

Anthony, E.S., 2020. The Cures Act Final Rule: Interoperability-Focused Policies that Empower 
Patients and Support Providers. Health IT Buzz. URL https://www.healthit.gov/buzz-
blog/21st-century-cures-act/the-cures-final-rule (accessed 1.6.21). 

Barnett, G.O., Cimino, J.J., Hupp, J.A., Hoffer, E.P., 1987. DXplain. An evolving diagnostic 
decision-support system. JAMA 258, 67–74. https://doi.org/10.1001/jama.258.1.67 

Barnett, G.O., Justice, N.S., Somand, M.E., Adams, J.B., Waxman, B.D., Beaman, P.D., Parent, 
M.S., Deusen, F.R.V., Greenlie, J.K., 1979. COSTAR—A computer-based medical 
information system for ambulatory care. Proceedings of the IEEE 67, 1226–1237. 
https://doi.org/10.1109/PROC.1979.11438 

Black, J.R., Hulkower, R.L., Ramanathan, T., 2018. Health Information Blocking: Responses 
Under the 21st Century Cures Act. Public Health Rep 133, 610–613. 
https://doi.org/10.1177/0033354918791544 

Blumenthal, D., 2011a. Implementation of the federal health information technology initiative. N 
Engl J Med 365, 2426–2431. https://doi.org/10.1056/NEJMsr1112158 

Blumenthal, D., 2011b. Wiring the health system--origins and provisions of a new federal 
program. N Engl J Med 365, 2323–2329. https://doi.org/10.1056/NEJMsr1110507 

Brennan, P.F., 2016. The National Library of Medicine: Accelerating Discovery, Delivering 
Information, Improving Health. Ann Intern Med 165, 808–809. 
https://doi.org/10.7326/M16-1737 



Brown, S.H., Lincoln, M.J., Groen, P.J., Kolodner, R.M., 2003. VistA--U.S. Department of 
Veterans Affairs national-scale HIS. Int J Med Inform 69, 135–156. 
https://doi.org/10.1016/s1386-5056(02)00131-4 

Carter, K., 1987. Patient care computer system vital to El Camino. Mod Healthc 17, 84, 86. 
Chen, L., Liu, P., Evans, T.C., Ettwiller, L.M., 2017. DNA damage is a pervasive cause of 

sequencing errors, directly confounding variant identification. Science 355, 752–756. 
https://doi.org/10.1126/science.aai8690 

Clancey, W.J., Shortliffe, E.H., 1984. Readings in medical artificial intelligence:  the first 
decade. Addison-Wesley Longman Publishing Co., Inc., USA. 

Coiera, E., 2007. Putting the technical back into socio-technical systems research. Int J Med 
Inform 76 Suppl 1, S98-103. https://doi.org/10.1016/j.ijmedinf.2006.05.026 

Collins, F.S., Doudna, J.A., Lander, E.S., Rotimi, C.N., 2021. Human Molecular Genetics and 
Genomics — Important Advances and Exciting Possibilities. New England Journal of 
Medicine 0, null. https://doi.org/10.1056/NEJMp2030694 

Collins, F.S., Morgan, M., Patrinos, A., 2003. The Human Genome Project: lessons from large-
scale biology. Science 300, 286–290. https://doi.org/10.1126/science.1084564 

Contemporary Issues in Medicine: Medical Informatics and Population Health (PDF), 1998. , 
Medical School Objectives Project. Association of American Medical Colleges. 

Denny, J.C., Rutter, J.L., Goldstein, D.B., Philippakis, A., Smoller, J.W., Jenkins, G., Dishman, 
E., 2019. The “All of Us” Research Program. N Engl J Med 381, 668–676. 
https://doi.org/10.1056/NEJMsr1809937 

Detmer, D.E., Shortliffe, E.H., 2014. Clinical Informatics: Prospects for a New Medical 
Subspecialty. JAMA 311, 2067–2068. https://doi.org/10.1001/jama.2014.3514 

Duke, J.D., Morea, J., Mamlin, B., Martin, D.K., Simonaitis, L., Takesue, B.Y., Dixon, B.E., 
Dexter, P.R., 2014. Regenstrief Institute’s Medical Gopher: a next-generation homegrown 
electronic medical record system. Int J Med Inform 83, 170–179. 
https://doi.org/10.1016/j.ijmedinf.2013.11.004 

Forman, T.M., Armor, D.A., Miller, A.S., 2020. A Review of Clinical Informatics Competencies 
in Nursing to Inform Best Practices in Education and Nurse Faculty Development. Nurs 
Educ Perspect 41, E3–E7. https://doi.org/10.1097/01.NEP.0000000000000588 

Fox, S., Duggan, M., 2013. Health Online 2013. Pew Research Center: Internet, Science & Tech. 
URL https://www.pewresearch.org/internet/2013/01/15/health-online-2013/ (accessed 
9.22.20). 

Fridsma, D.B., 2018. Health informatics: a required skill for 21st century clinicians. BMJ 362. 
https://doi.org/10.1136/bmj.k3043 

Friedman, C.P., 2013. What informatics is and isn’t. J Am Med Inform Assoc 20, 224–226. 
https://doi.org/10.1136/amiajnl-2012-001206 

Friedman, C.P., 2009. A “fundamental theorem” of biomedical informatics. J Am Med Inform 
Assoc 16, 169–170. https://doi.org/10.1197/jamia.M3092 

Gadd, C.S., Steen, E.B., Caro, C.M., Greenberg, S., Williamson, J.J., Fridsma, D.B., 2020. 
Domains, tasks, and knowledge for health informatics practice: results of a practice 
analysis. J Am Med Inform Assoc 27, 845–852. https://doi.org/10.1093/jamia/ocaa018 

Gadd, C.S., Williamson, J.J., Steen, E.B., Fridsma, D.B., 2016. Creating advanced health 
informatics certification. J Am Med Inform Assoc 23, 848–850. 
https://doi.org/10.1093/jamia/ocw089 



Gates, A.J., Gysi, D.M., Kellis, M., Barabási, A.-L., 2021. A wealth of discovery built on the 
Human Genome Project - by the numbers. Nature 590, 212–215. 
https://doi.org/10.1038/d41586-021-00314-6 

Gawande, A., 2018. Why Doctors Hate Their Computers. The New Yorker. 
Goldfeder, R.L., Priest, J.R., Zook, J.M., Grove, M.E., Waggott, D., Wheeler, M.T., Salit, M., 

Ashley, E.A., 2016. Medical implications of technical accuracy in genome sequencing. 
Genome Med 8, 24. https://doi.org/10.1186/s13073-016-0269-0 

Goodwin, S., McPherson, J.D., McCombie, W.R., 2016. Coming of age: ten years of next-
generation sequencing technologies. Nat Rev Genet 17, 333–351. 
https://doi.org/10.1038/nrg.2016.49 

Gordon, W.J., Mandl, K.D., 2020. The 21st Century Cures Act: A Competitive Apps Market and 
the Risk of Innovation Blocking. J Med Internet Res 22, e24824. 
https://doi.org/10.2196/24824 

Gostin, L.O., Halabi, S.F., Wilson, K., 2018. Health Data and Privacy in the Digital Era. JAMA 
320, 233–234. https://doi.org/10.1001/jama.2018.8374 

Greenes, R. (Ed.), 2014. Clinical Decision Support: The Road to Broad Adoption, 2nd edition. 
ed. Academic Press. 

Greenes, R.A., Pappalardo, A.N., Marble, C.W., Barnett, G.O., 1969. Design and 
implementation of a clinical data management system. Comput Biomed Res 2, 469–485. 
https://doi.org/10.1016/0010-4809(69)90012-3 

Halamka, J.D., Tripathi, M., 2017. The HITECH Era in Retrospect. N Engl J Med 377, 907–909. 
https://doi.org/10.1056/NEJMp1709851 

Haynes, W.A., Tomczak, A., Khatri, P., 2018. Gene annotation bias impedes biomedical 
research. Sci Rep 8, 1362. https://doi.org/10.1038/s41598-018-19333-x 

Hersh, W., 2020. What is the Work of Informatics? Integration of Recent Workforce Analyses. 
Informatics Professor. URL https://informaticsprofessor.blogspot.com/2020/10/what-is-
work-of-informatics-integration.html (accessed 1.14.21). 

Hersh, W., 2017. End of an Era For Academic Informatics: Demise of the Home-Grown EHR. 
Informatics Professor. URL https://informaticsprofessor.blogspot.com/2017/11/end-of-era-
for-academic-informatics.html (accessed 2.4.21). 

Hersh, W., 2009. A stimulus to define informatics and health information technology. BMC Med 
Inform Decis Mak 9, 24. https://doi.org/10.1186/1472-6947-9-24 

Hersh, W., Ehrenfeld, J., 2020. Clinical Informatics, in: Health Systems Science, 2nd Edition. 
pp. 156–170. 

Hersh, W.R., Gorman, P.N., Biagioli, F.E., Mohan, V., Gold, J.A., Mejicano, G.C., 2014. 
Beyond information retrieval and electronic health record use: competencies in clinical 
informatics for medical education. Adv Med Educ Pract 5, 205–212. 
https://doi.org/10.2147/AMEP.S63903 

HHS Extends Compliance Dates for Information Blocking and Health IT Certification 
Requirements in 21st Century Cures Act Final Rule [WWW Document], 2020. . HHS Press 
Office. URL https://public3.pagefreezer.com/browse/HHS.gov/31-12-
2020T08:51/https://www.hhs.gov/about/news/2020/10/29/hhs-extends-compliance-dates-
information-blocking-health-it-certification-requirements-21st-century-cures-act-final-
rule.html (accessed 2.11.21). 



Hotez, P.J., 2021a. Anti-science kills: From Soviet embrace of pseudoscience to accelerated 
attacks on US biomedicine. PLoS Biol 19, e3001068. 
https://doi.org/10.1371/journal.pbio.3001068 

Hotez, P.J., 2021b. Mounting antiscience aggression in the United States. PLoS Biol 19, 
e3001369. https://doi.org/10.1371/journal.pbio.3001369 

Hudson, K.L., Collins, F.S., 2017. The 21st Century Cures Act - A View from the NIH. N Engl J 
Med 376, 111–113. https://doi.org/10.1056/NEJMp1615745 

Humphreys, B.L., Lindberg, D.A., Schoolman, H.M., Barnett, G.O., 1998. The Unified Medical 
Language System: an informatics research collaboration. J Am Med Inform Assoc 5, 1–11. 
https://doi.org/10.1136/jamia.1998.0050001 

Institute of Medicine (US) Committee on the Health Professions Education Summit, 2003. 
Health Professions Education: A Bridge to Quality. National Academies Press (US), 
Washington (DC). 

Jones, K.M., Cook-Deegan, R., Rotimi, C.N., Callier, S.L., Bentley, A.R., Stevens, H., Phillips, 
K.A., Jansen, J.P., Weyant, C.F., Roberts, D.E., Zielinski, D., Erlich, Y., Garrison, N.A., 
Carroll, S.R., Ossorio, P.N., Moreau, Y., Wang, M., 2021. Complicated legacies: The 
human genome at 20. Science 371, 564–569. https://doi.org/10.1126/science.abg5266 

Joyner, M.J., Paneth, N., 2019. Promises, promises, and precision medicine. J Clin Invest 129, 
946–948. https://doi.org/10.1172/JCI126119 

Kannry, J., Sengstack, P., Thyvalikakath, T.P., Poikonen, J., Middleton, B., Payne, T., Lehmann, 
C.U., 2016. The Chief Clinical Informatics Officer (CCIO): AMIA Task Force Report on 
CCIO Knowledge, Education, and Skillset Requirements. Appl Clin Inform 7, 143–176. 
https://doi.org/10.4338/ACI-2015-12-R-0174 

Kesselheim, A.S., Avorn, J., 2017. New “21st Century Cures” Legislation: Speed and Ease vs 
Science. JAMA 317, 581–582. https://doi.org/10.1001/jama.2016.20640 

Kommer, C.G., 2018. Good Documentation. JAMA 320, 875–876. 
https://doi.org/10.1001/jama.2018.11781 

Kulikowski, C.A., Shortliffe, E.H., Currie, L.M., Elkin, P.L., Hunter, L.E., Johnson, T.R., Kalet, 
I.J., Lenert, L.A., Musen, M.A., Ozbolt, J.G., Smith, J.W., Tarczy-Hornoch, P.Z., 
Williamson, J.J., 2012. AMIA Board white paper: definition of biomedical informatics and 
specification of core competencies for graduate education in the discipline. J Am Med 
Inform Assoc 19, 931–938. https://doi.org/10.1136/amiajnl-2012-001053 

Kuperman, G.J., Gardner, R.M., Pryor, T.A., 1991. HELP: A Dynamic Hospital Information 
System, Computers and Medicine. Springer-Verlag, New York. 
https://doi.org/10.1007/978-1-4612-3070-0 

Lander, E.S., Linton, L.M., Birren, B., Nusbaum, C., Zody, M.C., Baldwin, J., Devon, K., 
Dewar, K., Doyle, M., FitzHugh, W., Funke, R., Gage, D., Harris, K., Heaford, A., 
Howland, J., Kann, L., Lehoczky, J., LeVine, R., McEwan, P., McKernan, K., Meldrim, J., 
Mesirov, J.P., Miranda, C., Morris, W., Naylor, J., Raymond, C., Rosetti, M., Santos, R., 
Sheridan, A., Sougnez, C., Stange-Thomann, Y., Stojanovic, N., Subramanian, A., Wyman, 
D., Rogers, J., Sulston, J., Ainscough, R., Beck, S., Bentley, D., Burton, J., Clee, C., Carter, 
N., Coulson, A., Deadman, R., Deloukas, P., Dunham, A., Dunham, I., Durbin, R., French, 
L., Grafham, D., Gregory, S., Hubbard, T., Humphray, S., Hunt, A., Jones, M., Lloyd, C., 
McMurray, A., Matthews, L., Mercer, S., Milne, S., Mullikin, J.C., Mungall, A., Plumb, R., 
Ross, M., Shownkeen, R., Sims, S., Waterston, R.H., Wilson, R.K., Hillier, L.W., 
McPherson, J.D., Marra, M.A., Mardis, E.R., Fulton, L.A., Chinwalla, A.T., Pepin, K.H., 



Gish, W.R., Chissoe, S.L., Wendl, M.C., Delehaunty, K.D., Miner, T.L., Delehaunty, A., 
Kramer, J.B., Cook, L.L., Fulton, R.S., Johnson, D.L., Minx, P.J., Clifton, S.W., Hawkins, 
T., Branscomb, E., Predki, P., Richardson, P., Wenning, S., Slezak, T., Doggett, N., Cheng, 
J.F., Olsen, A., Lucas, S., Elkin, C., Uberbacher, E., Frazier, M., Gibbs, R.A., Muzny, D.M., 
Scherer, S.E., Bouck, J.B., Sodergren, E.J., Worley, K.C., Rives, C.M., Gorrell, J.H., 
Metzker, M.L., Naylor, S.L., Kucherlapati, R.S., Nelson, D.L., Weinstock, G.M., Sakaki, 
Y., Fujiyama, A., Hattori, M., Yada, T., Toyoda, A., Itoh, T., Kawagoe, C., Watanabe, H., 
Totoki, Y., Taylor, T., Weissenbach, J., Heilig, R., Saurin, W., Artiguenave, F., Brottier, P., 
Bruls, T., Pelletier, E., Robert, C., Wincker, P., Smith, D.R., Doucette-Stamm, L., 
Rubenfield, M., Weinstock, K., Lee, H.M., Dubois, J., Rosenthal, A., Platzer, M., 
Nyakatura, G., Taudien, S., Rump, A., Yang, H., Yu, J., Wang, J., Huang, G., Gu, J., Hood, 
L., Rowen, L., Madan, A., Qin, S., Davis, R.W., Federspiel, N.A., Abola, A.P., Proctor, 
M.J., Myers, R.M., Schmutz, J., Dickson, M., Grimwood, J., Cox, D.R., Olson, M.V., Kaul, 
R., Raymond, C., Shimizu, N., Kawasaki, K., Minoshima, S., Evans, G.A., Athanasiou, M., 
Schultz, R., Roe, B.A., Chen, F., Pan, H., Ramser, J., Lehrach, H., Reinhardt, R., 
McCombie, W.R., de la Bastide, M., Dedhia, N., Blöcker, H., Hornischer, K., Nordsiek, G., 
Agarwala, R., Aravind, L., Bailey, J.A., Bateman, A., Batzoglou, S., Birney, E., Bork, P., 
Brown, D.G., Burge, C.B., Cerutti, L., Chen, H.C., Church, D., Clamp, M., Copley, R.R., 
Doerks, T., Eddy, S.R., Eichler, E.E., Furey, T.S., Galagan, J., Gilbert, J.G., Harmon, C., 
Hayashizaki, Y., Haussler, D., Hermjakob, H., Hokamp, K., Jang, W., Johnson, L.S., Jones, 
T.A., Kasif, S., Kaspryzk, A., Kennedy, S., Kent, W.J., Kitts, P., Koonin, E.V., Korf, I., 
Kulp, D., Lancet, D., Lowe, T.M., McLysaght, A., Mikkelsen, T., Moran, J.V., Mulder, N., 
Pollara, V.J., Ponting, C.P., Schuler, G., Schultz, J., Slater, G., Smit, A.F., Stupka, E., 
Szustakowki, J., Thierry-Mieg, D., Thierry-Mieg, J., Wagner, L., Wallis, J., Wheeler, R., 
Williams, A., Wolf, Y.I., Wolfe, K.H., Yang, S.P., Yeh, R.F., Collins, F., Guyer, M.S., 
Peterson, J., Felsenfeld, A., Wetterstrand, K.A., Patrinos, A., Morgan, M.J., de Jong, P., 
Catanese, J.J., Osoegawa, K., Shizuya, H., Choi, S., Chen, Y.J., Szustakowki, J., 
International Human Genome Sequencing Consortium, 2001. Initial sequencing and 
analysis of the human genome. Nature 409, 860–921. https://doi.org/10.1038/35057062 

Lenzer, J., Brownlee, S., 2020. Pandemic Science Out of Control. Issues in Science and 
Technology. URL https://issues.org/pandemic-science-out-of-control/ (accessed 8.20.20). 

Lesk, A., 2019. Introduction to Bioinformatics, 5th edition. ed. Oxford University Press, Oxford, 
United Kingdom. 

Lindberg, D.A., 1996. The NLM and Grateful Med: promise, public health, and policy. Public 
Health Rep 111, 552–555. 

Mann, D.M., Chen, J., Chunara, R., Testa, P.A., Nov, O., 2020. COVID-19 transforms health 
care through telemedicine: Evidence from the field. J Am Med Inform Assoc 27, 1132–
1135. https://doi.org/10.1093/jamia/ocaa072 

Matheny, M., Israni, S.T., Ahmed, M., Whicher, D. (Eds.), 2019. Artificial Intelligence in Health 
Care: The Hope, the Hype, the Promise, the Peril. 

McDonald, C.J., Overhage, J.M., Tierney, W.M., Dexter, P.R., Martin, D.K., Suico, J.G., Zafar, 
A., Schadow, G., Blevins, L., Glazener, T., Meeks-Johnson, J., Lemmon, L., Warvel, J., 
Porterfield, B., Warvel, J., Cassidy, P., Lindbergh, D., Belsito, A., Tucker, M., Williams, B., 
Wodniak, C., 1999. The Regenstrief Medical Record System: a quarter century experience. 
Int J Med Inform 54, 225–253. https://doi.org/10.1016/s1386-5056(99)00009-x 



Miller, R.A., Masarie, F.E., 1990. The demise of the “Greek Oracle” model for medical 
diagnostic systems. Methods Inf Med 29, 1–2. 

Miller, R.A., Pople, H.E., Myers, J.D., 1982. Internist-1, an experimental computer-based 
diagnostic consultant for general internal medicine. N Engl J Med 307, 468–476. 
https://doi.org/10.1056/NEJM198208193070803 

Miller, R.A., Shortliffe, E.H., 2021. The roles of the US National Library of Medicine and 
Donald A.B. Lindberg in revolutionizing biomedical and health informatics. J Am Med 
Inform Assoc 28, 2728–2737. https://doi.org/10.1093/jamia/ocab245 

Moore, J.H., Boland, M.R., Camara, P.G., Chervitz, H., Gonzalez, G., Himes, B.E., Kim, D., 
Mowery, D.L., Ritchie, M.D., Shen, L., Urbanowicz, R.J., Holmes, J.H., 2019. Preparing 
next-generation scientists for biomedical big data: artificial intelligence approaches. Per 
Med 16, 247–257. https://doi.org/10.2217/pme-2018-0145 

National Academies of Sciences, E., 2019. Taking Action Against Clinician Burnout: A Systems 
Approach to Professional Well-Being. https://doi.org/10.17226/25521 

Notification of Enforcement Discretion for Telehealth [WWW Document], 2020. . HHS.gov. 
URL https://www.hhs.gov/hipaa/for-professionals/special-topics/emergency-
preparedness/notification-enforcement-discretion-telehealth/index.html (accessed 1.6.21). 

Payne, P.R.O., Bernstam, E.V., Starren, J.B., 2018. Biomedical informatics meets data science: 
current state and future directions for interaction. JAMIA open 1, 136–141. 
https://doi.org/10.1093/jamiaopen/ooy032 

Prasad, V., 2016. Perspective: The precision-oncology illusion. Nature 537, S63. 
https://doi.org/10.1038/537S63a 

Rajpurkar, P., Chen, E., Banerjee, O., Topol, E.J., 2022. AI in health and medicine. Nat Med 1–
8. https://doi.org/10.1038/s41591-021-01614-0 

Rigden, D.J., Fernández, X.M., 2022. The 2022 Nucleic Acids Research database issue and the 
online molecular biology database collection. Nucleic Acids Res 50, D1–D10. 
https://doi.org/10.1093/nar/gkab1195 

Rydell, R.L., Landa, H.M., 2018. The CMIO Survival Guide: A Handbook for Chief Medical 
Information Officers and Those Who Hire Them, Second Edition, 2nd edition. ed. 
Productivity Press, Boca Raton. 

Safran, C., 2009. Informatics training for clinicians is more important than hardware and 
software. Yearb Med Inform 164–165. 

Sayers, E.W., Beck, J., Bolton, E.E., Bourexis, D., Brister, J.R., Canese, K., Comeau, D.C., 
Funk, K., Kim, S., Klimke, W., Marchler-Bauer, A., Landrum, M., Lathrop, S., Lu, Z., 
Madden, T.L., O’Leary, N., Phan, L., Rangwala, S.H., Schneider, V.A., Skripchenko, Y., 
Wang, J., Ye, J., Trawick, B.W., Pruitt, K.D., Sherry, S.T., 2021. Database resources of the 
National Center for Biotechnology Information. Nucleic Acids Res 49, D10–D17. 
https://doi.org/10.1093/nar/gkaa892 

Sayers, E.W., Bolton, E.E., Brister, J.R., Canese, K., Chan, J., Comeau, D.C., Connor, R., Funk, 
K., Kelly, C., Kim, S., Madej, T., Marchler-Bauer, A., Lanczycki, C., Lathrop, S., Lu, Z., 
Thibaud-Nissen, F., Murphy, T., Phan, L., Skripchenko, Y., Tse, T., Wang, J., Williams, R., 
Trawick, B.W., Pruitt, K.D., Sherry, S.T., 2022. Database resources of the national center 
for biotechnology information. Nucleic Acids Res 50, D20–D26. 
https://doi.org/10.1093/nar/gkab1112 

Shortliffe, E.H., Davis, R., Axline, S.G., Buchanan, B.G., Green, C.C., Cohen, S.N., 1975. 
Computer-based consultations in clinical therapeutics: explanation and rule acquisition 



capabilities of the MYCIN system. Comput Biomed Res 8, 303–320. 
https://doi.org/10.1016/0010-4809(75)90009-9 

Silverman, H.D., Steen, E.B., Carpenito, J.N., Ondrula, C.J., Williamson, J.J., Fridsma, D.B., 
2019. Domains, tasks, and knowledge for clinical informatics subspecialty practice: results 
of a practice analysis. J Am Med Inform Assoc 26, 586–593. 
https://doi.org/10.1093/jamia/ocz051 

Stead, W.W., Hammond, W.E., 1988. Computer-based medical records: the centerpiece of TMR. 
MD Comput 5, 48–62. 

Topol, E., 2022. It’s not too late. Science 375, 245. https://doi.org/10.1126/science.abo1074 
Topol, E., 2019. Deep Medicine: How Artificial Intelligence Can Make Healthcare Human 

Again, Illustrated Edition. ed. Basic Books, New York. 
Valenta, A.L., Berner, E.S., Boren, S.A., Deckard, G.J., Eldredge, C., Fridsma, D.B., Gadd, C., 

Gong, Y., Johnson, T., Jones, J., Manos, E.L., Phillips, K.T., Roderer, N.K., Rosendale, D., 
Turner, A.M., Tusch, G., Williamson, J.J., Johnson, S.B., 2018. AMIA Board White Paper: 
AMIA 2017 core competencies for applied health informatics education at the master’s 
degree level. J Am Med Inform Assoc 25, 1657–1668. https://doi.org/10.1093/jamia/ocy132 

Valenta, A.L., Meagher, E.A., Tachinardi, U., Starren, J., 2016. Core informatics competencies 
for clinical and translational scientists: what do our customers and collaborators need to 
know? J Am Med Inform Assoc 23, 835–839. https://doi.org/10.1093/jamia/ocw047 

Venter, J.C., Adams, M.D., Myers, E.W., Li, P.W., Mural, R.J., Sutton, G.G., Smith, H.O., 
Yandell, M., Evans, C.A., Holt, R.A., Gocayne, J.D., Amanatides, P., Ballew, R.M., Huson, 
D.H., Wortman, J.R., Zhang, Q., Kodira, C.D., Zheng, X.H., Chen, L., Skupski, M., 
Subramanian, G., Thomas, P.D., Zhang, J., Gabor Miklos, G.L., Nelson, C., Broder, S., 
Clark, A.G., Nadeau, J., McKusick, V.A., Zinder, N., Levine, A.J., Roberts, R.J., Simon, 
M., Slayman, C., Hunkapiller, M., Bolanos, R., Delcher, A., Dew, I., Fasulo, D., Flanigan, 
M., Florea, L., Halpern, A., Hannenhalli, S., Kravitz, S., Levy, S., Mobarry, C., Reinert, K., 
Remington, K., Abu-Threideh, J., Beasley, E., Biddick, K., Bonazzi, V., Brandon, R., 
Cargill, M., Chandramouliswaran, I., Charlab, R., Chaturvedi, K., Deng, Z., Di Francesco, 
V., Dunn, P., Eilbeck, K., Evangelista, C., Gabrielian, A.E., Gan, W., Ge, W., Gong, F., Gu, 
Z., Guan, P., Heiman, T.J., Higgins, M.E., Ji, R.R., Ke, Z., Ketchum, K.A., Lai, Z., Lei, Y., 
Li, Z., Li, J., Liang, Y., Lin, X., Lu, F., Merkulov, G.V., Milshina, N., Moore, H.M., Naik, 
A.K., Narayan, V.A., Neelam, B., Nusskern, D., Rusch, D.B., Salzberg, S., Shao, W., Shue, 
B., Sun, J., Wang, Z., Wang, A., Wang, X., Wang, J., Wei, M., Wides, R., Xiao, C., Yan, 
C., Yao, A., Ye, J., Zhan, M., Zhang, W., Zhang, H., Zhao, Q., Zheng, L., Zhong, F., 
Zhong, W., Zhu, S., Zhao, S., Gilbert, D., Baumhueter, S., Spier, G., Carter, C., Cravchik, 
A., Woodage, T., Ali, F., An, H., Awe, A., Baldwin, D., Baden, H., Barnstead, M., Barrow, 
I., Beeson, K., Busam, D., Carver, A., Center, A., Cheng, M.L., Curry, L., Danaher, S., 
Davenport, L., Desilets, R., Dietz, S., Dodson, K., Doup, L., Ferriera, S., Garg, N., 
Gluecksmann, A., Hart, B., Haynes, J., Haynes, C., Heiner, C., Hladun, S., Hostin, D., 
Houck, J., Howland, T., Ibegwam, C., Johnson, J., Kalush, F., Kline, L., Koduru, S., Love, 
A., Mann, F., May, D., McCawley, S., McIntosh, T., McMullen, I., Moy, M., Moy, L., 
Murphy, B., Nelson, K., Pfannkoch, C., Pratts, E., Puri, V., Qureshi, H., Reardon, M., 
Rodriguez, R., Rogers, Y.H., Romblad, D., Ruhfel, B., Scott, R., Sitter, C., Smallwood, M., 
Stewart, E., Strong, R., Suh, E., Thomas, R., Tint, N.N., Tse, S., Vech, C., Wang, G., 
Wetter, J., Williams, S., Williams, M., Windsor, S., Winn-Deen, E., Wolfe, K., Zaveri, J., 
Zaveri, K., Abril, J.F., Guigó, R., Campbell, M.J., Sjolander, K.V., Karlak, B., Kejariwal, 



A., Mi, H., Lazareva, B., Hatton, T., Narechania, A., Diemer, K., Muruganujan, A., Guo, 
N., Sato, S., Bafna, V., Istrail, S., Lippert, R., Schwartz, R., Walenz, B., Yooseph, S., Allen, 
D., Basu, A., Baxendale, J., Blick, L., Caminha, M., Carnes-Stine, J., Caulk, P., Chiang, 
Y.H., Coyne, M., Dahlke, C., Mays, A., Dombroski, M., Donnelly, M., Ely, D., Esparham, 
S., Fosler, C., Gire, H., Glanowski, S., Glasser, K., Glodek, A., Gorokhov, M., Graham, K., 
Gropman, B., Harris, M., Heil, J., Henderson, S., Hoover, J., Jennings, D., Jordan, C., 
Jordan, J., Kasha, J., Kagan, L., Kraft, C., Levitsky, A., Lewis, M., Liu, X., Lopez, J., Ma, 
D., Majoros, W., McDaniel, J., Murphy, S., Newman, M., Nguyen, T., Nguyen, N., Nodell, 
M., Pan, S., Peck, J., Peterson, M., Rowe, W., Sanders, R., Scott, J., Simpson, M., Smith, 
T., Sprague, A., Stockwell, T., Turner, R., Venter, E., Wang, M., Wen, M., Wu, D., Wu, M., 
Xia, A., Zandieh, A., Zhu, X., 2001. The sequence of the human genome. Science 291, 
1304–1351. https://doi.org/10.1126/science.1058040 

Verma, S., 2020. Early Impact Of CMS Expansion Of Medicare Telehealth During COVID-19. 
Health Affairs. URL https://www.healthaffairs.org/do/10.1377/hblog20200715.454789/full/ 
(accessed 8.18.20). 

Vigilante, K., 2018. Preserving Stewardship Of The Patient’s Story. Health Affairs Blog. URL 
https://www.healthaffairs.org/do/10.1377/hblog20180705.349484/full/ (accessed 2.2.21). 

Warner, H.R., Toronto, A.F., Veasey, L.G., Stephenson, R., 1961. A mathematical approach to 
medical diagnosis. Application to congenital heart disease. JAMA 177, 177–183. 
https://doi.org/10.1001/jama.1961.03040290005002 

Washington, V., DeSalvo, K., Mostashari, F., Blumenthal, D., 2017. The HITECH Era and the 
Path Forward. N Engl J Med 377, 904–906. https://doi.org/10.1056/NEJMp1703370 

Weed, L.L., 1969. Medical records, medical education, and patient care;: The problem-oriented 
record as a basic tool. Press of Case Western Reserve University, Distributed by Year Book 
Medical Publishers, Chicago, Cleveland. 

Welcher, C.M., Hersh, W., Takesue, B., Stagg Elliott, V., Hawkins, R.E., 2018. Barriers to 
Medical Students’ Electronic Health Record Access Can Impede Their Preparedness for 
Practice. Acad Med 93, 48–53. https://doi.org/10.1097/ACM.0000000000001829 

Zhou, Q., Chen, Z.-H., Cao, Y.-H., Peng, S., 2021. Clinical impact and quality of randomized 
controlled trials involving interventions evaluating artificial intelligence prediction tools: a 
systematic review. NPJ Digit Med 4, 154. https://doi.org/10.1038/s41746-021-00524-2 

Ziemann, M., Eren, Y., El-Osta, A., 2016. Gene name errors are widespread in the scientific 
literature. Genome Biol 17, 177. https://doi.org/10.1186/s13059-016-1044-7 

 



1

William Hersh, MD
Department of Medical Informatics & Clinical Epidemiology
School of Medicine
Oregon Health & Science University
Portland, OR, USA

Biomedical and Health Informatics: 
Impact, Challenges, and Opportunities

1

This talk aims to answer the following about 
biomedical and health informatics (BMHI)

• What is BMHI?
• What has BMHI accomplished? Where has it fallen 

short?
• How does BMHI help personalized/precision

medicine?
• Is BMHI different from data science?
• Who does BMHI?
• Where can I learn more about BMHI?
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What is BMHI?

• I get asked this so often that I keep a Web site
– http://informatics.health/

• And a blog
– http://informaticsprofessor.blogspot.com

• Biomedical and health informatics (BMHI) is the field 
concerned with the optimal use of information, often 
aided by technology, to improve individual health, 
healthcare, public health, and biomedical research 
(Hersh, 2009)

3
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Other definitions

• AMIA: The “interdisciplinary field that studies and pursues the 
effective uses of biomedical data, information, and knowledge 
for scientific inquiry, problem solving and decision making, 
motivated by efforts to improve human health.” (Kulikowski, 
2012)

• ACGME (clinical informatics): The field that “transforms health 
care by analyzing, designing, implementing, and evaluating 
information and communication systems to improve patient 
care, enhance access to care, advance individual and 
population health outcomes, and strengthen the clinician-
patient relationship.” 
(https://www.acgme.org/globalassets/PFAssets/ProgramRequire
ments/381_ClinicalInformatics_2020.pdf) 
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Some additional perspectives on informatics
Fundamental Theorem
(Friedman, 2009)

Goal of informatics is:

Goal is not:

SUNY Buffalo (Greiner, 2003)

• The science of “sociotechnical systems” (Coiera, 2007)
• What informatics is and is not (Friedman, 2013)

5
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What are the subareas within BMHI?
(aka, its “adjective problem”)

(Hersh, 2009; adapted from Shortliffe)

Informatics = People + Information + Technology

Biomedical and Health 
InformaticsLegal Informatics Chemoinformatics

Bioinformatics
(cellular and
molecular)

Clinical (or Medical)
Informatics

(person)

{Clinical field} 
Informatics

Public Health
Informatics
(population)

Consumer Health
Informatics

Imaging Informatics Research Informatics

6
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Early work focused on AI

• Focus on hand-crafted “knowledge bases” with algorithms to 
provide “artificial intelligence”

• Warner (1961) developed mathematical model for diagnosing 
congenital heart disease
– System predicted diagnosis with the highest conditional probability 

given a set of symptoms
• Problem-knowledge couplers aimed to connect patient findings 

and diagnoses (Weed, 1969)
• Next was emergence of “expert systems” – computer programs 

mimicking human expertise
– Early work focused on rule-based expert systems – PhD dissertation 

of Shortliffe (1975) and subsequent work (Clancey, 1984)

7
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First era of AI (cont.)

• Another early AI approach developed systems using 
scoring algorithms
– INTERNIST-1 (Miller, 1982) and DxPlain (Barnett, 1987) used 

disease profiles and scoring

• “Demise of the Greek Oracle” led to focus on decision 
support systems – mimicking human expertise but acting 
in supportive rather than independent role (Miller, 1990)
– Led to more focused clinical decision support in 1990s 

(Greenes, 2014)
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Also focused on early EHR systems

• COSTAR – Massachusetts General Hospital (Barnett, 1979)
– Built using MUMPS (Greenes, 1969)

• HELP – Utah (Kuperman, 1991)
• TMR – Duke (Stead, 1988)
• Regenstrief – Indiana (McDonald, 1999)
– Led to development of Gopher (Duke, 2014)

• El Camino – California (Carter, 1987)
• VistA and CPRS – Veteran’s Administration (Brown, 2003)

9

9

And early role of the National Library of 
Medicine (NLM)

• 30-year leadership of Donald Lindberg, MD (Miller, 
2021), with torch passed to Patricia Brennan, PhD, RN 
(Brennan, 2016) in 2016

• Early application was information retrieval from 
bibliographic databases
– From Index Medicus to time-sharing systems (e.g., 

ELHILL; Lindberg, 1986) to PCs (e.g., Grateful Med; 
Lindberg, 1996) to Web (PubMed)

– Subsequent connection to full text of scientific 
literature and other knowledge resources

• Leader in terminology development and 
standardization (Humphreys, 1998)

• Also funder of primary research as well as training 
grants and other education

10
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Genomics and bioinformatics

• Human Genome Project to sequence human 
genome began in 1988

• In 2001, NIH-based project published “first 
draft” (Lander, 2001) simultaneously with 
private effort from Craig Venter of Celera 
Genomics (Venter, 2001)

• Project “completed” in 2003 (Collins, 2003)
• Sequencing of more humans increased 

understanding of genomic variation and 
complexity

11

11

Continued advances in bioinformatics

• Next-generation sequencing technologies and rapidly lowering costs 
(Goodwin, 2016)

• Other biomolecular technologies (Lesk, 2017)
– Gene expression
– Protein structure and function

• Elucidation of other “omes and omics”
– Proteomics – protein structure and function
– Transcriptomics – expression of DNA
– Microbiome – microorganisms
– Mapping phenotype to genotype – full circle to clinical data to the phenome

• Many data resources from NLM National Center for Biotechnology 
Information (NCBI) (Sayers, 2022) and others (Rigden, 2022)

• 20-year retrospectives noted accomplishments but also challenges still ahead 
in science and policy (Gates, 2021; Jones, 2021)
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From home-grown to commercial EHRs: ARRA 
and the HITECH Act

• By mid-2000s, emergence of research supporting value 
of EHR and CDS for improving quality and safety of 
healthcare
– Mentioned in George W. Bush State of Union 2004-2007

• Great Recession of 2008 led to American Recovery & 
Reinvestment Act (ARRA), which included HITECH Act 
that allocated $30+B for
– Incentives for adoption and “meaningful use” of EHR ($30B)
– $2B investment in health information exchange, regional 

extension centers, workforce development, and research 
(Blumenthal, 2011; Blumenthal, 2011; Washington, 2017)

• Maturation of commercial EHR marketplace (Halamka, 
2017; Hersh, 2017)
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Second era of AI

• Reinvigorated with success of machine learning, 
driven by increasing availability of data, more 
powerful computers, and advances in machine 
and deep learning (Topol, 2019; Rajpurkar, 2022)

• Drawing attention from leading policy bodies, 
such as National Academy of Medicine (Matheny, 
2019)

• Recent system review of clinical trials of 
predictive AI systems shows modest number of 
trials, mediocre methodologies, and mixed results 
(Zhou, 2021)
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Contributions to personalized/precision 
medicine

• (Denny, 2019; Collins, 2021)
• Approach to diagnosis and treatment of disease based on 

more precise understanding of genome and other omes
along with clinical and personal data

• Contributions of BMHI include
– Advances in bioinformatics – genotyping
– Growing amounts of other data from EHRs to personally 

collected data – phenotyping
– Developments in machine and deep learning
– Access to knowledge in literature and other sources

15
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But there are challenges to 
personalized/precision medicine as well

• Challenges with large-scale gene sequencing – results 
impacted by
– Inaccuracy (Goldfeder, 2016) and DNA damage (Chen, 2017)
– Gene name errors widespread in literature (Ziemann, 2016)
– “Annotation” bias (Haynes, 2018)

• So far small number of explicit targets in cancer and 
even smaller number of treatments for those targets 
(Prasad, 2016; Joyner, 2019)

• Concerns about reproducibility of basic research
– https://elifesciences.org/collections/9b1e83d1/reproducibility-

project-cancer-biology
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Where has BMHI fallen short?

• EHRs and clinicians – current systems slow work of 
clinicians, prioritize non-clinical aspects of care, and lead 
to clinician burnout (Halamka, 2017; Gawande, 2018; 
NAM, 2019)
– Clinicians want to read and write the story, which can be at 

odds with structured data we might want to use for decision 
support, research, etc. (Vigilante, 2018; Kommer, 2018)

• Standards and interoperability – HITECH led to systems 
that could not talk to each other (Adler-Milstein, 2017)

• Privacy and security – not limited to healthcare, but 
growing concern (Gostin, 2018)
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Recalibration: 21st Century Cures Act

• Comprehensive legislation passed in 2016 (Hudson; 
2017; Kesselheim, 2017)

• Included some “correcting” aspects of HITECH Act 
(Anthony, 2020)
– Data interoperability and “app” framework via SMART on 

FHIR (Gordon, 2020)
– Prohibition of “information blocking” (Adler-Milstein, 

2017; Black, 2018)
– https://www.healthit.gov/curesrule/

18

18

https://www.healthit.gov/curesrule/


10

Informatics and COVID-19

• As with other areas of healthcare, many impacts from COVID-19
– Our health information systems, especially public health, were not up to 

task (Gottlieb, 2021; Topol, 2022)
• Relaxation of US federal rules around (Verma, 2020)

– Security – allowing communications platforms previously prohibited 
under HIPAA, e.g., Zoom, Face Time, etc. (HHS, 2020)

– Telemedicine/telehealth – leading to rapid expansion in use (Mann, 2020)
– Delay in compliance dates for Cures Rule (HHS, 2020)

• Expansion and problems with “open science” advances, e.g., 
preprints, open-access publishing, etc. (Lenzer, 2020)

• Attacks on science and scientists (Hotez, 2021)
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Is BMHI different from data science?

• (Payne, 2018)
• Consider process cycle of going 

from biological, social, or technical 
processes with afferent and efferent 
loops of going to and from 
knowledge

• Data science and informatics 
focused on generating knowledge 
but informatics also engaged in use 
of that knowledge in real world of 
health, healthcare, research and 
other areas

20
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Who does BMHI?

• Professionals
• Leaders
• Everyone else

21

21

BMHI professionals

• Overlapping but distinctive from
– Information technology (IT)
– Health information management (HIM)
– Data science

• What distinguishes BMHI professionals?
– Application domain expertise – healthcare, biomedical research, 

public health, etc.
– Focus on information more than technology

• Certification for professionals
– Clinical informatics subspecialty for physicians (Detmer, 2014)
– AMIA Health Informatics Certification for many of rest (Gadd, 2016)

22
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Workforce and competencies

(Silverman, 2019; Gadd, 2020; Hersh, 2020) (Valenta, 2018)

23
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BMHI leaders

• Chief {X} Information Officer (Kannry, 2016) – where 
X =
–Medical (CMIO) (Rydell, 2018)
– Health (CHIO)
– Research (CRIO)
– Nursing (CNIO)
– Data/Quality/Privacy/etc.

• Growing number of Chief Information Officers (CIOs) 
from informatics

24
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BMHI for everyone else

• Physicians and medical students – first addressed by 
AAMC Medical School Objectives Project (1998)

• Patients – 58% of US adults look online for health 
information and 35% attempt to diagnose illness in 
that manner (Fox, 2013)

• Clinical and translational scientists (Valenta, 2016)
• Next-generation research scientists (Moore, 2019)
• Nurses (Forman, 2020)
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Informatics and health 
professions education

• “Informatics training for 
clinicians is more important 
than hardware and software” 
(Safran, 2009)

• Health informatics is a 
“required skill for 21st century 
clinicians” (Fridsma, 2018)

• Competencies (Hersh, 2014; 
Hersh, 2020), curricula (Hersh, 
2017), and challenges (Welcher, 
2018)
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Where can I learn more about BMHI?

• Self-learning
– Can find much on the Web

• e.g., http://informatics.health
• Continuing education
– Many opportunities in many fields

• e.g., AMIA 10x10 (“ten by ten”) – https://amia.org/education-events/10x10-
virtual-courses/10x10-oregon-health-science-university

• Formal training
– Mostly at graduate level

• e.g., OHSU – http://www.ohsu.edu/informatics-education
– Largest funder for PhD and postdoc trainees is NLM

• e.g., https://www.nlm.nih.gov/ep/GrantTrainInstitute.html
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Key challenges ahead for BMHI

• Improving usability of systems in clinical care, 
especially EHR

• Integrating omics and other sources of data
• Learning from data while protecting privacy and 

security
• Integrating new AI into healthcare professions and 

activities
• Achieving the goals of personalized/precision 

medicine
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Thank you!

William Hersh, MD
Professor and Chair
Department of Medical Informatics & Clinical Epidemiology
School of Medicine
Oregon Health & Science University
Portland, OR, USA
http://www.ohsu.edu/informatics

Email: hersh@ohsu.edu
Web: www.billhersh.info
Blog: http://informaticsprofessor.blogspot.com
Twitter: @williamhersh
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