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WHAT IS PRECISION MEDICINE? 

INTRODUCTION

Precision medicine came into the national spotlight in 2015, 
when President Barack Obama announced the launching of 
the Precision Medicine Initiative in his final State of the Union 
address. This initiative would include a 1 million-person pre-
cision medicine research study, which would be the largest 
medical research study in history. Though precision medicine 
received national attention in 2015, it had been an emerging 
area of science and medicine for over a decade, as it had been 
linked to the Human Genome Project, with the hope that more 
knowledge of genetics would lead to more personalized and 
targeted medicine. But when the initiative was announced, 
precision medicine was described as more than just using ge-
netics to tailor medical care: it was “an emerging approach 
for disease treatment and prevention that takes into account 
individual variability in genes, environment, and lifestyle for 
each person.” So, what is precision medicine? In this primer, 
we outline a number of key dimensions of precision medicine, 
including:

• The evolution from personalized to precision medicine
• Precision medicine research’s focus on collecting  

multiple forms of data, and harnessing the power of  
big data analysis

• The tension between focusing on individual  
responsibility versus systemic intervention
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This primer draws on work conducted through the Fairness in Precision Medicine proj-
ect, a year-long exploratory study funded by the Robert Wood Johnson Foundation 
that aimed to identify tensions in the emerging data-driven health research space, the 
possibility for unintended consequences of the research process, and discrimination 
that could result from implementing data-driven research insights in health. Our hope 
is that by bringing awareness to these tensions, we may productively shape conversa-
tions and interventions in precision medicine research going forward. 

We began by examining how and where the term “precision medicine” is cur-
rently being used in the scientific, medical, and health care fields, including in schol-
arly, popular, and industry contexts. We quickly realized that precision medicine was 
being used differently in clinical medical practice and biomedical research. To date, 
the clinical community’s definition of, and approach to, precision medicine has fo-
cused almost exclusively on genetics, whereas the biomedical research community 
has taken a more expansive approach to precision medicine. Though there have been 
important advances and potential for growth in clinical precision medicine, we focus 
our attention on precision medicine in the biomedical research sphere. Our goal is to 
understand how precision medicine research projects are developing, as these will 
shape the future directions of clinical precision medicine. 

Researchers in this community are exploring how multiple data streams can 
be incorporated into their analytic work in order to develop a more sophisticated un-
derstanding of environmental, behavioral, and cultural factors that may contribute to 
or influence health outcomes. Although these researchers incorporate genetic data 
in their analyses, they also examine how electronic health record data, activity track-
er data, and medical imaging data, among other sources, can be used. In addition, 
researchers are attempting to use sources not traditionally considered health data to 
develop insights about health, such as environmental data and other public records. 

Building on what we learned from the research community, we define pre-
cision medicine as the effort to collect, integrate, and analyze multiple sources of 
genetic and nongenetic data, harnessing methods of big data analysis and machine 
learning, in order to develop insights about health and disease that are tailored to the 
individual. Our view of precision medicine and our focus on research in this area is in 
line with what Rothstein calls “big data health research.”1 We have chosen to focus on 
the efforts to combine multiple kinds of data because collecting and combining data 
from different fields poses many opportunities and challenges.
 

INTRODUCTION
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The terms precision medicine and personalized medicine are 
often used synonymously, though precision medicine is the 
newer term. The term “personalized medicine” began to be 
used around 1997 to emphasize the personalized, individu-
alized form medical care would take when insights from the 
Human Genome Project would use one’s unique genomic in-
formation to guide treatment.2 The Human Genome Project 
(HGP) was a multi-year private and public effort begun in 1990 
to map the entire sequence of human DNA. Project leaders 
believed that identifying the structure of human DNA would 
yield insights about its functions, particularly those connect-
ed to health and disease.3 In a brief history of the project, 
James Watson explained that connecting sequencing efforts 
to issues of health and disease such as AIDS helped secure 
its funding, despite human genome sequencing being some-
what “divorced from the main currents of biological research,” 
which at the time was focused on sequencing non-human 
organisms. Thus, using genome sequencing to understand 
human health and disease served to establish the value of ini-
tiating the HGP and helped to build the narrative that its find-
ings would lead to great improvements in health.4

Personalized medicine is an aspirational and anticipatory term that was coined and 
discussed before any widespread shifts in medical practice had occurred. One well-
known conceptualization of personalized medicine is the four P’s model. The P’s stand 
for predictive, preventative, personalized, and participatory and describe what post-
HGP medicine would ideally look like. Instead of waiting for disease onset, medicine 
could predict disease development using genomic risk variants, then these diseases 
could be prevented through altered treatment programs based on one’s disease risk 

FROM PERSONALIZED  
TO PRECISION MEDICINE
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profile. Medicine would thus shift from a “reactive to a proactive discipline.”5 Medical 
care would be personalized to the individual because the treatment program adjust-
ments would be made based on personal risk levels, rather than population disease 
risk averages. And it would be participatory, meaning that patients and their providers 
would work together on an individual basis as well as through “the creation of new 
types of strategic partnerships between patients, large clinical centers, consortia of 
clinical centers, and patient-advocate groups.”6 There have been calls to add a fifth 
P – “population” – that would incorporate public health or population views into per-
sonalized medicine.7 In 2013, a group of researchers conducted a systematic review 
of the definitions of personalized medicine in the scientific literature and proposed 
that it should be understood primarily in terms of “molecular disease pathways” using 
genomics and the study of proteins.8

In addition to personalized medicine, a related term, pharmacogenomics, 
is sometimes used as a synonym. Pharmacogenomics examines how genomic and 
pharmacologic information can be used together to guide medication prescription 
and dosing decisions. For example, researchers have identified how variations in a 
particular gene affect the way people metabolize painkillers.9 This is an example of 
how genomic information can be used to guide dosing in medical care, and since it 
is based on an individual’s genotype, it is personalized. Because pharmacogenomics 
uses genomic information in an individualized way, the two terms are semantically 
linked. However, personalized medicine was meant to be a more expansive term with-
in the medical literature, including the use of genomic information to guide drug dos-
ing, but also the ability to locate and use genomic information about disease risk to 
guide health care. 

Though the completion of the Human Genome Project showed that there is 
still much more to learn about genes, their functions, and their connections to dis-
ease, the hope for genetics-based personalized medicine remains. Around 2010, the 
term precision medicine began to emerge. References to precision medicine in ma-
jor scientific publications doubled in that year, and then in 2011, the National Acade-
mies released a report that distinguished the two terms—stating that although both 
communicate a notion of individualized medicine, precision medicine is the preferred 
term because it conveys that medicine will be more accurate for individuals, not that 
each individual will get unique treatments.10, 11 

This report was important not just because it disambiguated the two terms, 
but also because it mentioned how other sources of data, not just genomics, would 
be a part of precision medicine. Specifically, the report mentions the opportunity to 
use digital data from electronic health records. The digitization of medical records 

FROM PERSONALIZED TO PRECISION MEDICINE
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had become widespread, following the passage of Health Information Technology for 
Economic and Clinical Health (HITECH) Act two years before, which led to significant 
investments in health information technology.12 This report marks a moment when 
precision medicine shifted from genomics-only medicine to multi-data medicine. Lat-
er, when the White House launched the Precision Medicine Initiative, precision medi-
cine was defined by the National Institutes of Health (NIH) as “an emerging approach 
for disease treatment and prevention that takes into account individual variability in 
genes, environment, and lifestyle for each person” and as the process of “delivering 
the right treatments at the right time, every time to the right person.”13 It is important 
to note that this definition includes genetic variation alongside environment and life-
style variation. Indeed, the PMI-linked proposal by the NIH to create a 1-million person 
precision medicine research study (later renamed the All of Us Research Program) in-
cluded a commitment to collect multiple forms of data, including genetic information 
and electronic health record data. These moves show how the term precision medi-
cine expanded to include multiple forms of data, not just genetic information. 

FROM PERSONALIZED TO PRECISION MEDICINE



7 Data & Society

WHAT IS PRECISION MEDICINE? 

At the beginning of this report, we highlighted major tensions 
in how precision medicine is defined and how our research 
helped us narrow the scope of our analysis with an eye to for-
ward-facing implications of precision medicine. In this sec-
tion, we want to return to that research to illustrate various 
definitional differences, drilling down into how different stake-
holders approach this term. While there may be value to sta-
bilizing one definition of precision medicine, we believe that 
the multitude of definitions sheds light on where the field of 
precision medicine research may be going.

In addition to attending a number of conferences where precision medicine research 
was discussed as well as reviewing relevant academic and popular literature, press 
releases, and other documents from precision medicine research projects, we inter-
viewed 21 stakeholders in precision medicine, including researchers working on large 
precision medicine studies, experts in health data analysis, and patient advocates. 
These interviews yielded rich insights about the specificities of analyzing different 
kinds of data, as well as the particularities of institutional and scientific culture and 
other dynamics that can impact precision medicine research. Here, we focus on the 
ways that our participants defined precision medicine. Though these data are not rep-
resentative of the views of all precision medicine researchers, health data analysts, or 
patient advocates working in precision medicine, they do raise issues that are import-
ant broadly across the emerging field of precision medicine research.

MULTIPLE FORMS OF DATA

We asked our participants to provide us with their understanding of precision medi-
cine, and as expected, they defined “precision medicine” in multiple ways. Most per-
ceived precision medicine as including more than just genetic information to tailor 
medical care, but there were differences in how much our respondents emphasized 
precision medicine as using different types of data, or precision medicine as process-
es of analyzing data, or delivering tailored treatments. Regardless, it was clear that 

Multiple Forms of Data

HOW WE ARRIVED AT OUR DEFINITION  
OF PRECISION MEDICINE
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our respondents thought of precision medicine as a data project. What emerged from 
our interviews is that a key aspect of precision medicine is the focus on collecting 
multiple forms of data, and collecting as much data as possible. For example, as one 
of our respondents remarked:

“I think of precision medicine as bringing into account all of the  
data we can about a patient in order to make decisions for this 
patient’s health care. It could be treatment decisions or it could be 
recommendations about lifestyle in order to avoid future kinds of 
health problems. I think some people consider precision medicine 
just to be about genomic data but I consider it to be about clinical 
history, genomics, environmental data, anything that we can  
collect and use.”

David Page—Biostatistician

For this respondent, precision medicine is about collecting all available kinds of data 
that could be informative of an individual’s health. He also emphasizes in his definition 
that the multiple forms of data that will be collected are individual-level data such as 
genomics and clinical records, but others are beyond the scale of the individual, such 
as environmental data. For this respondent, collecting multiple kinds of data means 
that the analysis of these data can lead to different kinds of applications. He notes that 
the applications could be biological like “treatment decisions” or “recommendations 
about lifestyle.”

BIOLOGICAL AND SOCIAL FACTORS

Multiple forms of data did not just mean multiple forms of biological or medical data. 
Instead, many of our respondents argued that precision will include data about social 
conditions. The comments below from multiple respondents illustrate this viewpoint:

“A lot of my definition about precision medicine stems from the 
whole definition of personalized medicine. I define precision  
medicine as research and treatment that is tailored to address the 
unique biological as well as social influences. . . . Because that’s 
when I think about epigenetics. I think about the fact that you can 
be born not having gene mutations that put you at elevated risk  

Biological and Social Factors

HOW WE ARRIVED AT OUR DEFINITION OF PRECISION MEDICINE
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for a certain kind of cancer, but the very environment you live in, 
based on the stressors, nearby toxins, exposures, all those things, 
the epigenetic exposures still can add to your cancer outcome.”

Karriem Watson—Biomedical Researcher

Another respondent explained:

“This sort of precision is not going to come from genetics, as it’s  
going to come by studying the context in which people live, work, 
and play. That’s what matters the most. To me understanding if  
you are in an abusive relationship, you have stable housing, you 
have stable income, that information and that data is going to  
be far more insightful in your well-being and your health than any  
genetic information that I collect from you.”

James Faghmous—Technologist

These respondents’ comments show that their definition of precision medicine is 
closely linked to their understanding of personalized medicine. To them, “precision” 
means using multiple forms of data in order to build a better and fuller picture of 
the factors that influence health. “Precision” is also associated with a view of health 
that includes biological and social factors, and further, that the lines between bio-
logical and social factors are becoming blurred. Multiple respondents mentioned the 
field of epigenetics, or the study of how factors influence gene function but do not 
change the sequence, to illustrate how thinking in genetics has shifted. Research in 
epigenetics shows that factors such as nutrition or environmental stressors can im-
pact gene expression, physiological processes, and health risks and outcomes. Ac-
cording to our respondents, precision medicine, as a data project, attempts to gather 
a picture of health not in the moment, but as a set of inputs about medical, social, and 
environmental experiences.

INDIVIDUALS AND POPULATIONS

A number our respondents explained that another key element of precision medicine 
is using data to stratify individuals into groups. As one participant explained:

Individuals and Populations

HOW WE ARRIVED AT OUR DEFINITION OF PRECISION MEDICINE
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“The way I define precision medicine is, using all available data to 
sub-stratify patients into as specific a core as possible. Get down  
to an N of one ideally, but usually it’s going to be some variant  
of restrictive cohort. Precision medicine applies to the use, not only 
of genomics data but also other omics, sensors such as those in 
home-based devices, environmental data, etc. All of these serve to 
create as homogeneous a subgroup/cohort as possible.” 

Robert Greenes—Bioinformaticist

Here, Greenes’ definition includes multidimensional data, including sensor data. He 
emphasizes that “precision” means getting down to a “small core” of individuals. Oth-
er respondents in our study described this as getting down to the “unique individual.” 
For our respondents, precision, targeting, and individualizing care could be achieved 
through creating smaller and more refined groups. 

Though many of our respondents discussed stratification as key to precision 
medicine, there were differences in how they discussed how processes of stratifica-
tion would lead to interventions. For example, for some respondents, getting to small-
er groups of individuals with specific characteristics and susceptibilities for disease 
meant that there would be more emphasis on providing tailored interventions. These 
could be recommendations about medication, different clinical treatment options, or 
even behavioral interventions. As one of our respondents described: 

“[Precision medicine is] different types of data from different data 
streams and you can look at that and learn from what we know 
about individual things within each of those data streams. Combine 
that knowledge and develop a treatment tool or a paradigm or a 
method or, in some cases, treatments or drugs for that individual’s 
own health needs.”

Anna McCollister-Slipp—Patient Advocate 

Her comments show that the goal of gathering and analyzing multiple forms of data 
in precision medicine research will be to develop individualized treatments. Others 
described this as precision medicine being able to better “match” people with treat-
ments, echoing the National Academies’ definition and Barack Obama’s description 
of precision medicine as the right treatment for the right patient at the right time. 
However, not everyone in our sample felt that precision medicine could, or should, 

Individuals and Populations

HOW WE ARRIVED AT OUR DEFINITION OF PRECISION MEDICINE
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lead to interventions at the level of the individual. For example, another participant 
pointed out the limitations of focusing on the individual:

“In popular imagination and popular accounts and political accounts 
of precision medicine, which is the right intervention or the right 
medicine for the right patient at the right time, that localizes the 
inquiry in the intervention and the identification of the risk and the 
opportunity within individual patients. I think there can be a more 
accurate and holistic view of precision medicine, or at least of the use 
of all the tools that feed into precision medicine, to really intervene  
on environmental factors, social problems, health risks, that will 
benefit populations more broadly. I think those are more preventive 
approaches. . . . The intervention doesn’t really make sense to  
point out people at particular risk of say obesity, or heart disease,  
or asthma. Would it be better to intervene more broadly?”

Lisa Parker—Bioethicist

For Parker, the value of precision medicine would be understanding how factors out-
side the individual body impact health and designing interventions to address those 
external factors. This difference in how our participants talked about the ultimate fo-
cus of precision medicine – as on the individual or the population – is an important 
one to bring into relief because this difference may impact how the field develops. 
This also speaks to what some see as a tension between precision medicine and pub-
lic health. In a 2015 commentary in the New England Journal of Medicine, Bayer and 
Galea argued that the increased focus on precision medicine is “willfully blind” to the 
evidence that “health differences between groups and within groups are not driven 
by clinical care but by social-structural factors that shape our lives.”14 This refers to the 
significant subfield of study in public health that examines how structural factors such 
as income, education, and neighborhood characteristics impact health outcomes, so 
that one’s zip code can be a more important influence than one’s genetic code.15 

In 2016, University of California, San Francisco, hosted a “Precision Public 
Health Summit” where participants argued that a focus on the individual as well as 
the population are not “opposing approaches” but could both be part of the domain 
of precision medicine. Parker’s “holistic” precision medicine, as described, would be 
an example of what Kirsten Bibbins-Domingo described as the ability to “telescop[e] 
down with increasing clarity to define the biology of the individual person” as well as 
“telescop[e] back out. . . . back out to the family and the community.”16

Individuals and Populations

HOW WE ARRIVED AT OUR DEFINITION OF PRECISION MEDICINE
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DATA COLLECTION  
TO SUPPORT PRECISION MEDICINE  

RESEARCH EFFORTS
As part of our work on the Fairness in Precision Medicine re-
search project, we identified several US-based efforts to boot-
strap the data collection phase in an effort to support the 
research needed to achieve precision medicine. Major mul-
tistate projects included: 1) the aforementioned All of Us Re-
search Program, sponsored by the NIH; 2) the Million Veterans 
Program which collects survey, genetic, and electronic health 
record data from veterans and is sponsored by the US Depart-
ment of Veterans Affairs; 3) the American Heart Association’s 
My Research Legacy; and 4) Verily’s Project Baseline. These 
research cohort studies aim to enroll large numbers of partic-
ipants, follow them longitudinally, and collect multiple forms 
of data from them, including genetic data, electronic health 
record data, environmental data, and behavioral data. 

There are a number of other regional or single-state studies that are collecting and 
analyzing genetic, medical record, and other data to learn about health such as Kaiser 
Permanente’s Research Bank in California. The Kavli Foundation and New York Univer-
sity have also partnered to sponsor the Human Project, which focuses on New York 
and plans to collect multiple forms of health data from ten thousand participants. 
These prospective observational studies do not have specific research questions, but 
aim to build a data resource that researchers can then use for multiple studies. Fur-
thermore, although our definition of precision medicine is at the nexus of big data 
and health, we do not focus on projects like Google Flu Trends because these efforts 
do not involve collecting and analyzing multidimensional data on a cohort of partici-
pants.
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THEMES AND ISSUES  
IN PRECISION MEDICINE

Though there is much excitement about precision medicine, 
there is also skepticism about the promise of a data-driven fu-
ture of medicine. For example, historian of medicine Nathaniel 
Comfort wrote an assessment of the hype surrounding preci-
sion medicine as part of a longer history of “inflated medical 
promises.”17 There are also divergent interests among stake-
holders in precision medicine—patients might want different 
things than clinicians or pharmaceutical or other industry 
players, and the field will need to face the challenge of bring-
ing together these “misaligned” interests.18 For example, re-
searcher Gina Neff has argued that although bringing big data 
solutions to health may be exciting for some, “Doctors often 
see data as costs, risks, and liabilities. And for many in health 
care, data are not seen as a source of value, but of additional 
work.”19

Precision medicine efforts also raise concerns about data privacy and security, data 
sharing, diversity and inclusion, and equitable access. Although there are privacy 
policies that protect health data in both the clinical space and in research, scholars 
have argued that de-identified medical data can be re-identified, and that the current 
health data privacy and nondiscrimination regime may not be adequate protection 
as precision medicine develops.20, 21 In addition to the challenge of keeping data pri-
vate and secure, sharing data in precision medicine introduces questions regarding 
how to share information with patients and between research projects. Scholars have 
argued that participants should receive their genetic data when participating in re-
search as a matter of respect for autonomy.22 On the other hand, the return of genetic 
results has introduced challenges related to interpretability and the responsible com-
munication of risk.23 There has been an increased emphasis on involving participants 
and patients as active participants in medical research, and organizations such as the 
Patient Centered Outcomes Research Initiative (PCORI) have supported patient data 
sharing for precision medicine research.24 



14 Data & Society

WHAT IS PRECISION MEDICINE? 

Regarding the use of data for multiple research projects, The Common Rule, which 
governs human subject participation in research, has recently been changed to allow 
for researchers to ask participants to agree to broad consent for use of their biospe-
cimens. For researchers, this lowers some of the barriers to accessing biospecimens 
that can produce health data, and would thus provide greater access to information, 
such as genomic data. Others have warned that though health data may be more 
available to researchers through broad consent or voluntary donation, there is a risk 
of privatization of health data that is held by technology companies such as the di-
rect-to-consumer genetics company 23andMe or Apple. If not openly shared, health 
data that is inaccessible could prevent researchers from conducting rigorous scien-
tific research.25 

Diversity and the inclusion of women and minorities has been a long-standing 
issue in biomedical research in the United States. Though proposed precision medi-
cine research projects are often intended to address health disparities, questions re-
main about whether these studies will be able to tackle this problem. It is not clear 
whether a representative sample based on traditional methods (e.g., Census catego-
ries) or oversampling of traditionally underrepresented populations will be the best 
strategy to achieve diversity in precision medicine research cohorts. Furthermore, 
the complexity of demarcating between race and genetics introduces a challenge 
for precision medicine recruitment. Cohn and colleagues have argued that recruiting 
for precision medicine studies using racial categories may not yield genetic diversity 
in study cohorts.26 Still, others have argued that even if precision medicine is able to 
move past “crude” markers like race in medicine, these treatments may not be equally 
accessible once they are developed.27, 28  

THEMES AND ISSUES IN PRECISION MEDICINE
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Precision medicine research is poised to make important con-
tributions to our understanding of disease and show how the 
increasing availability of data and advances in computing can 
lead to breakthroughs in research and medical care. The field 
has expanded to include not only genetics, but multiple forms 
and sources of data with the hope that new methods of analy-
sis can provide information about the complex determinants – 
both biological and social – of health outcomes. Major precision 
medicine research efforts that are just launching are collect-
ing data on unprecedented scales, while attempting to meet 
long-standing challenges in medical research, like enrolling 
diverse participants, protecting privacy, and allowing for data 
sharing and participant engagement. Although there are mul-
tiple definitions of precision medicine, there is an understand-
ing of it as a data project that focuses on analysis, intervention, 
and collecting data from various sources. The question as to 
whether precision medicine should focus on individual inter-
ventions or broader structural strategies is one that is divid-
ing the community and may impact the kinds of work that can 
be done with precision medicine cohort studies. These stud-
ies are significant investments of resources, so it is important 
to identify points of conceptual agreement and divergence 
so that the promises of precision medicine can be fulfilled.  

This research is supported by a grant from the Robert Wood Johnson Foundation. The views 
expressed here do not necessarily reflect the views of the Robert Wood Johnson Foundation.

CONCLUSION
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a review in Journal of Health Communication on the potential for patient resistance in 
precision medicine.

Prabhjot Singh, MD, PhD: Prabhjot Singh, MD, PhD, is Director of the Arnhold Institute for 
Global Health and Chair of the Department of Health System Design and Glob-
al Health at the Icahn School of Medicine at Mount Sinai, as well as Special Advisor 
for Strategy and Design at the Peterson Center for Health Care. Previously, Prabhjot 
was a professor of International and Public Affairs at Columbia University and Direc-
tor of Systems Design at the Earth Institute. He completed a BA and BS at University 
of Rochester, an MD at Cornell and PhD in Neural & Genetic Systems at Rockefeller 
University, with a postdoctoral Fellowship in Sustainable Development at Columbia 
University. He completed residency in Internal Medicine at Mount Sinai Hospital. He is 
a Robert Wood Johnson Foundation Young Leader, a Truman National Security Fellow, 
and term member of the Council on Foreign Relations. 

APPENDIX 1: INTERVIEWEES



26 Data & Society

WHAT IS PRECISION MEDICINE? 

Sabrina Suckiel, MS, CGC: Sabrina Suckiel is a genetic counselor at Icahn School of Med-
icine at Mount Sinai Hospital in New York City. Her research projects have had the 
underlying rationale that there will be more of a demand for, and use of, genomic se-
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