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HE AMOUNT OF DATA BEING DIGITALLY COLLECTED AND

stored is vast and expanding rapidly. As a result, the

science of data management and analysis is also ad-

vancing to enable organizations to convert this vast
resource into information and knowledge that helps them
achieve their objectives. Computer scientists have in-
vented the term big data to describe this evolving technol-
ogy. Big data has been successfully used in astronomy (eg,
the Sloan Digital Sky Survey of telescopic information), re-
tail sales (eg, Walmart’s expansive number of transac-
tions), search engines (eg, Google’s customization of indi-
vidual searches based on previous web data), and politics
(eg, a campaign’s focus of political advertisements on people
most likely to support their candidate based on web searches).

In this Viewpoint, we discuss the application of big data
to health care, using an economic framework to highlight
the opportunities it will offer and the roadblocks to imple-
mentation. We suggest that leveraging the collection of pa-
tient and practitioner data could be an important way to im-
prove quality and efficiency of health care delivery.

Widespread uptake of electronic health records (EHRs)
has generated massive data sets. A survey by the American
Hospital Association showed that adoption of EHRs has
doubled from 2009 to 2011," partly a result of funding pro-
vided by the Health Information Technology for Economic
and Clinical Health Act of 2009. Most EHRs now contain
quantitative data (eg, laboratory values), qualitative data (eg,
text-based documents and demographics), and transac-
tional data (eg, a record of medication delivery). However,
much of this rich data set is currently perceived as a by-
product of health care delivery, rather than a central asset
to improve its efficiency.

The transition of data from refuse to riches has been key
in the big data revolution of other industries. Advances in
analytic techniques in the computer sciences, especially in
machine learning, have been a major catalyst for dealing with
these large information sets. These analytic techniques are
in contrast to traditional statistical methods (derived from
the social and physical sciences), which are largely not use-
ful for analysis of unstructured data such as text-based docu-
ments that do not fit into relational tables. One estimate sug-
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gests that 80% of business-related data exist in an
unstructured format.? The same could probably be said for
health care data, a large proportion of which is text-based.

In contrast to most consumer service industries, medi-
cine adopted a practice of generating evidence from experi-
mental (randomized trials) and quasi-experimental stud-
ies to inform patients and clinicians. The evidence-based
movement is founded on the belief that scientific inquiry is
superior to expert opinion and testimonials. In this way,
medicine was ahead of many other industries in terms of
recognizing the value of data and information guiding ra-
tional decision making. However, health care has lagged in
uptake of newer techniques to leverage the rich informa-
tion contained in EHRs.? There are 4 ways big data may ad-
vance the economic mission of health care delivery by im-
proving quality and efficiency.

First, big data may greatly expand the capacity to gener-
ate new knowledge. The cost of answering many clinical
questions prospectively, and even retrospectively, by col-
lecting structured data is prohibitive. Analyzing the un-
structured data contained within EHRs using computa-
tional techniques (eg, natural language processing to extract
medical concepts from free-text documents) permits finer
data acquisition in an automated fashion. For instance, au-
tomated identification within EHRs using natural lan-
guage processing was superior in detecting postoperative
complications compared with patient safety indicators based
on discharge coding.” Big data offers the potential to create
an observational evidence base for clinical questions that
would otherwise not be possible and may be especially help-
ful with issues of generalizability. The latter issue limits the
application of conclusions derived from randomized trials
performed on a narrow spectrum of participants to pa-
tients who exhibit very different characteristics.

Second, big data may help with knowledge dissemina-
tion. Most physicians struggle to stay current with the latest
evidence guiding clinical practice. The digitization of medi-
cal literature has greatly improved access; however, the sheer
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number of studies makes knowledge translation difficult. Even
ifa clinician had access to all the relevant evidence and guide-
lines, sorting through that information to develop a reason-
able treatment approach for patients with multiple chronic
illnesses is exceedingly complex. This problem could be ad-
dressed by analyzing existing EHRs to produce a dashboard
that guides clinical decisions. This approach is being used in
the collaboration between IBM’s Watson supercomputer and
Memorial Sloan-Kettering Cancer Center to help diagnose and
propose treatment options for patients with cancer. The big
data approach differs from traditional decision support tools
in that suggestions are drawn from real-time patient data analy-
sis, rather than solely using rule-based decision trees. For ex-
ample, longitudinal diagnostic data have been shown to pre-
dict a patient’s risk of a future diagnosis of domestic abuse.’
Data-driven clinical decision support tools could also lead to
cost savings and help with appropriate standardization of care.
Just as purchasers receive messages from Amazon (eg, cus-
tomers like you also bought this book), clinicians may re-
ceive messages that inform them about the diagnostic and
therapeutic choices made by respected colleagues facing simi-
lar patient profiles.

Third, big data may help translate personalized medi-
cine initiatives into clinical practice by offering the oppor-
tunity to use analytical capabilities that can integrate sys-
tems biology (eg, genomics) with EHR data.® The Electronic
Medical Records and Genomics Network does so by using
natural language processing to phenotype patients, in an ef-
fort to streamline genomics research.

Fourth, big data may allow for a transformation of health
care by delivering information directly to patients, empow-
ering them to play a more active role. The current model
stores patients’ records with health care professionals, put-
ting the patient in a passive position. In the future, medical
records may reside with patients. Big data offers the chance
to improve the medical record by linking traditional health-
related data (eg, medication list and family history) to other
personal data found on other sites (eg, income, education,
neighborhood, military service,” diet habits, exercise regi-
mens, and forms of entertainment), all of which can be ac-
cessed without having to interview the patient with an ex-
haustive list of questions. By doing so, big data offers a chance
to integrate the traditional medical model with the social
determinants of health in a patient-directed fashion. Pub-
lic health initiatives to reduce smoking and obesity could
perhaps be delivered more efficiently in this way by target-
ing their messages to the most appropriate people based on
their social media profiles.

There are several important barriers to the widespread
adoption of big data in health care.? At first glance there seem
to be no strong incentives or champions for its use within
clinician groups or hospitals. However, the same could be
said for the patient safety movement 10 years ago, which
has since been widely embraced. The era of value-based pay-
ments may provide the needed stimulus. Moreover, there
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are many champions for big data within the parts of the health
sector that do not deliver direct individual patient care such
as health service researchers, pharmaceutical companies, pub-
lic health and other government organizations.’

Moreover, there will be considerable privacy concerns,
which will require solutions similar to, and perhaps even more
extensive than, those required to protect confidential finan-
cial data in other sectors. Also, current EHR platforms are frag-
mented and have limited interoperability.> However, the same
issue arises in other sectors of the economy where compa-
nies use multiple systems for recording data. In addition, just
as EHRs and electronic order entry have been shown to pro-
duce considerable safety issues (eg, inadvertant selection of
incorrect medications), big data will likely do so as well. Over-
reliance on electronic systems is a problem for all sectors. For
example, automated piloting systems for airplanes some-
times require human override, necessitating the need for simu-
lation training in case of system failure.

Economic theory describes the quantitative conversion
of 3 kinds of inputs (capital, labor, and raw materials) into
outputs (goods and services). This technical relationship is
known as a production function. As technology progresses
this quantitative relationship changes, usually requiring fewer
inputs to yield the same or more output. The current revo-
lution in data management makes it clear that a fourth kind
of input, information, will become just as important as these
other inputs in the future of many industries. As such, the
application of big data to health care is inevitable. The first
information technology revolution in medicine was the digi-
tization of the medical record. The second is surely to le-
verage the information contained therein and combine it with
other sources. Big data has the potential to transform medi-
cal practice by using information generated every day to im-
prove the quality and efficiency of care.
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