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ABSTRACT

The biomedical research and healthcare delivery communities have increasingly come to focus their attention
on the role of data and computation in order to improve the quality, safety, costs, and outcomes of both well-
ness promotion and care delivery. Depending on the scale of such efforts, and the environments in which they
are situated, they are referred to variably as personalized or precision medicine, population health, clinical
transformation, value-driven care, or value-based transformation. Despite the original intent of many efforts
and publications that have sought to define personalized, precision, or data-driven approaches to improving
health and wellness, the use of such terminology in current practice often treats said activities as discrete areas
of endeavor within minimal cross-linkage across or between scales of inquiry. We believe that this current state
creates numerous barriers that are preventing the advancement of relevant science, practice, and policy. As
such, we believe that it is necessary to amplify and reaffirm our collective understanding that these fields share
common means of inquiry, differentiated only by the units of measure being utilized, their sources of data, and
the manner in which they are executed. Therefore, in this perspective, we explore and focus attention on such
commonalities and then present a conceptual framework that links constituent activities into an integrated
model that we refer to as a precision healthcare system. The presentation of this framework is intended to pro-
vide the basis for the types of shared, broad-based, and descriptive language needed to reference and realize
such a framework.

Key words: precision health, personalized medicine, precision medicine, population health, public health, clinical transformation,
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DEFINING THE PROBLEM

Over the past several years, the biomedical research community has
come to focus its attention on a broad field of endeavor that is la-
beled as either personalized or precision medicine (which we will re-
fer to as precision medicine for the remainder of this perspective).’
This emerging empbhasis is intended to capitalize upon our growing
understanding of human phenotypes across multiple scales, from
biomolecules, to clinical features, to the environmental and

behavioral dimensions of health and disease. Such understanding,
when coupled with contemporary computational methods, can ide-
ally be used to link an individual’s multiscale phenotype with the
best available scientific evidence, thus informing tailored approaches
to both wellness promotion and the treatment of disease.>

At the same time, the population and public health sciences com-
munities have increasingly focused upon the development and dem-
onstration of data-intensive methods that can measure salient

features of populations at various levels of granularity in order to
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identify those factors associated with both health status and out-
comes. Such population health methods present an opportunity to
both measure and intervene at a population level in an empirically
justified manner, especially in the context of modifiable risk factors
for diseases having substantive public burden, or when seeking to
identify new or emergent threats to public health.**

Finally, the healthcare delivery sector is turning its attention to
critical issues surrounding the cost, quality, safety, and outcomes of
care, as well as means to enhance individual engagement and con-
sumerism, all in order to improve value and ensure the sustainability
and economic viability of healthcare delivery systems. This emerging
area of delivery system science is referred to variably as clinical
transformation, value-driven care, or value-based transformation
(which we will refer to as value-based transformation for the re-
mainder of this perspective). Regardless of how they are described,
the fundamental goal of such efforts is to improve the quality and
durability of care while reducing avoidable or highly variable costs,
while activating providers and patients to manage disease risk in a
proactive and systematic manner.®”

Early efforts to define these fields, as noted above, have sought
to cast such efforts at a systems-level, encompassing broad areas
of application from molecules to patients to populations. How-
ever, in practical use, such terminology has tended towards a re-
ductionist viewpoint, focusing on more narrowly defined driving
problems and computational methods. As an exemplar, numerous
recent publications focusing on precision medicine have empha-
sized the linkage of genetic variants with clinical phenotypes in or-
der to elucidate the clinical significance of such genetic data,
without concomitant analysis of behavioral, environmental, socio-
demographic, or other correlative data types.® Similarly, contem-
porary reports concerned with the pursuit of population health
programs have focused on the collection and analysis of data that
is health relevant—but that exists beyond the clinic and hospital—
and the subsequent design of data-driven interventions informed
by the insights produced by such analyses.” Finally, current litera-
ture related to the areas of value-based transformation has focused
on the cost, quality, and variance in practice patterns that may be
associated with total-cost-of-care, without concomitant emphasis
on the contribution of biomolecular, clinical, and population phe-

10 YWhen viewed as a

nomena to such variable clinical outcomes.
whole, such efforts have advanced critical efforts in all of the
aforementioned areas but have not served to clearly associate their
definitional labels and purposes with systems-level methods and
thinking, despite the potential benefits therein.

In contrast to the conventional usage of the terms enumerated
here and the preceding examples, we believe that such areas of en-
deavor are inexorably linked and ultimately must function in a
synergistic and integrative manner. As such, it follows that it is
critical to recognize the commonalities that span the areas of pre-
cision medicine, population health, and value-based transforma-
tion, which we believe are the basis for establishing and operating
a precision healthcare system. By employing such a systems-based
approach to thinking about and implementing precision health-
care, we can realize the type of timely, affordable, safe, and high-
quality healthcare delivery, research, and payment ecosystem that
we aspire to have consistent with the level of value set forth in
the STEEP criteria described in Crossing the Quality Chasm."!
Further, we believe that using such a label and purpose-driven ap-
proach to underlying problems of interest will allow for the reali-
zation of the earliest definitions and aspirations assigned to such
interrelated constructs.

CONCEPTUALIZING A PRECISION HEALTHCARE
SYSTEM

As we have introduced above, there are a number of important com-
monalities that span the fields and activities contributing to precision
healthcare. Such commonalities broadly fall into 3 dimensions: 1) the
units of measure being utilized, 2) the sources of data that inform those
measures, and 3) the manner in which such activities are executed.

Using such a framework allows us to recognize that the primary
differentiator of precision medicine, population health, and value-
based transformation becomes the scale at which such efforts are un-
dertaken (patients, populations, or healthcare delivery systems) and
the measure of success for said endeavors, and not the fundamental
premise or methods employed in their pursuit. This conceptual
framework further leads to an argument that all of the aforemen-
tioned areas can and should be pursued in an integrated manner,
particularly given the fluid and sometimes reciprocal nature of the
relationships described above. Finally, and perhaps most impor-
tantly, through using this type of directive language in order to de-
scribe the broad field of precision healthcare, we can overcome
barriers presented by prevailing nomenclatures that artificially infer
competing or misaligned research, practice, and policy agendas rele-
vant to the fields of endeavor subsumed by precision healthcare.'?
In Figure 1, we present a diagrammatic view of this conceptual
model for a precision healthcare system, oriented between the 3
dimensions described above and the domains in which such efforts
can and should be applied.

WHY LANGUAGE MATTERS

At the core of our argument is the idea that the broad healthcare
community needs new and shared language to describe the pursuit
of a new and improved systems-level model for healthcare research
and practice. Science broadly, and healthcare research and practice
specifically, has benefitted from reductionist thinking for centuries,
initially as a function of intrinsic limitations in terms of human cog-
nitive capacity and the instruments available to support observation
and data capture. Later, such reductionist thinking became the norm
as a result of its successes in addition to entrenched historical or cul-
tural standards. However, this entrenchment does present a risk in
terms of impeding the types of systems-level thinking and implemen-
tation we have described above.'? Precision medicine, population
health, and the drive to value represent instances of complex and
multiscale problems, and their pursuit can be hampered by the
boundaries imposed by the use of reductionist thinking alone. By
embracing a systems-level view of such driving problems, working
in conjunction with reductionist approaches to the components of
such a system, we will greatly increase our chances of success in
terms of realizing the benefits of precision healthcare. Such combi-
natorial approaches are made possible in the contemporary environ-
ment as a result of emergent theories and methods that enable
systems-level interrogation of complex problem domains.'®'* As
such, we believe it is time to move past away from traditional think-
ing and nomenclature, and adopt a shared focus on improving the
human condition through the use of rigorous and data-driven mea-
surement and intervention at all levels of analyses, from individual
molecules to large-scale and complex healthcare delivery systems. In
light of this observation, and as Hayakawa made clear years ago,
the words we use to direct such efforts are not only important, but
are central to achieving a shared vision and must be applied care-
fully and with forethought as to the type of research and care deliv-
ery system we are seeking to build."
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A PATH FORWARD AND A COMMON VISION
FOR PRECISION HEALTH

To create the precision healthcare system envisioned in this perspec-
tive and guide our use of appropriate language across the full spec-
trum of activities required therein, it is of great importance that we
recognize and understand the need for integration across 3 comple-
mentary and coordinated areas of effort, as follows:

* First, care delivery must reach well beyond the clinic and hospital
to incorporate measurement and decision-making where people
live, work, and play. Further, care providers as well as payers will
need to establish mechanisms that afford greater shared benefit
spanning their activities, so as to incentivize wellness focused para-
digms of healthcare. Despite documented benefits at the individual
and population levels, such approaches are financially disadvanta-
geous today and are not well understood nor implemented.

* Second, research activities that seek to build an evidence base in
support of precision health must be pursued by interdisciplinary
teams working across domains, and not isolated via traditional,
disciplinary groupings. Doing so will require new approaches to
research funding, career advancement, and incentive structures,
as well as an intense focus on creating a pipeline of future investi-
gators equipped to pursue such team science models of basic and
applied research.

* Third, policy-making must focus on mitigating or removing criti-
cal barriers that impede care coordination and research. Appro-
priate incentive structures are needed. This will necessitate a
rigorous review of competing and oftentimes conflicting policies
and frameworks that currently govern health and healthcare.

Scales (/) to Inform

Figure 1. Conceptual framework for a precision health system, in which application domains of precision medicine, population health, and value-based transfor-
mation are pursued in an integrated manner across shared dimensions and differing scales.

Pursuing such coordinated efforts will require committed and
sustained leadership as well as collaboration across and between
the involved constituencies. Such leadership and collaboration
must begin with the definition of common language that conveys
a shared sense of purpose at a systems level. We can achieve the
healthcare delivery and research systems that we all desire and,
perhaps more importantly, the systems that will benefit genera-
tions to come, if we can find ways to bring together currently dis-
parate areas of endeavor so as to create a precision healthcare
system. Achieving a shared language to describe our efforts therein
is the foundation of such a bold vision for healthcare research and
practice and is worthy of both critical thinking and community di-
alogue.

We believe the perspective outlined above will serve as the cata-
lyst for a timely and important discussion and, ideally, one that will
lead to a realization that the fields of precision medicine, population
health, and value-based transformation are part of a much greater
whole that is focused on the creation of a transformational precision
healthcare system.
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