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To practise evidence-based medicine, clinicians need
to apply the findings of scientific research to the cir-
cumstances of individual patients as part of their
decision-making process. For centuries, medicine
and clinical reasoning was based on subjective per-
sonal experience, until the wider adoption of evi-
dence-based medicine, defined as ‘The conscientious
explicit and judicious use of current best evidence in
making decisions about the care of individual
patients’.!

To date, simple mathematical and statistical meth-
ods have been used to describe patterns within rela-
tively small-size datasets. We are now faced with a
generation of novel datasets in large quantities, from
an almost infinite number of digital fingerprints (phe-
nomes) and sources such as electronic health records,
high-resolution medical imaging, wearable devices
and biosensors, more widely available genetic testing
and even inputs from social media.? It appears that
the standard means of critical appraisal and data
interpretation have reached a point of saturation.
Evidence-based medicine, as we know it today, is
necessary, but not sufficient to meet the demands of
analysing large and complex datasets, as it can be
time-consuming, resource-intensive, slow to comple-
tion and expensive.

Data science is still a novel field, at the intersection
of several disciplines including computer science,
mathematics, statistics, and health and business ana-
lytics. It has evolved across many industries to be an
advanced statistical method of gathering insights
from large amounts of data in order to achieve busi-
ness objectives or understand user behaviours. We
are at a point in healthcare where data are more
widely available and accessible in a computer read-
able fashion than before, coincided with the surge in
computer processing power that occurred over the
past decade.’

Recently, there has been significant interest in the
field of artificial intelligence and its applications to

healthcare and artificial intelligence was one of the
major topics of the recently published Topol
Review.* Artificial intelligence broadly implies the
operation of computer programmes with human cog-
nitive ability in order to enable automated solving of
complex problems, including perception, recognition,
memory and learning. With a growing number of
massive datasets and the increased computational
power of the machines, a more unique type of artifi-
cial intelligence called machine learning has emerged.
Machine learning transforms the inputs of an algo-
rithm into outputs using statistical, data-driven rules
that are automatically derived from a large set of
examples, rather than being explicitly specified by
humans.* More specifically, a subfield of machine
learning called deep learning where the algorithms
are created from the data itself and determined by
the number of layers (unsupervised learning) rather
than initial human rules and postulates (supervised
learning) is gaining increasing application in health-
care and already showing to compare with clinicians
in the field of imaging, pathology, skin disease diag-
nosis, ophthalmology, cardiac arrhythmia detection
and even sepsis management.’ Although the majority
of the described examples have not been tested in
pragmatic clinical trials, they hold significant poten-
tial, primarily because they could enable assessment,
monitoring, diagnosis and management of a greater
number of patients at a lower cost.® In addition, arti-
ficial intelligence has the potential to reduce diagnos-
tic errors as a quality assurance tool, as well as being
used in workflow management. Consequently, it
could reduce the administrative burden of clinicians
and provide them with the ‘gift of time’ to prioritise
treating patients.’

To derive meaningful inferences from newly gen-
erated data, the data need to be stored and analysed
with advanced statistical methods; it appears that the
next step of evidence-based medicine could be data
science with processing software through increased
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input of machines. Therefore, different data analytics
skills, particularly basic familiarity of machine learn-
ing concepts, are becoming important for clinician
scientists. Nevertheless, the core principles of evi-
dence-based medicine are still fundamental in the
era of big data. Data science innovations must be
evaluated with the same epistemological rigor that
lies at the heart of evidence-based medicine. On the
other hand, the standard approach to evidence-based
medicine needs the addition of machine learning as a
critical tool in order to continue to enable clinical
decision-making based on the synthesis of all avail-
able evidence.

Qualifying and working in medicine at this time
where big data and machine learning are suddenly
opening a new horizon is exciting but care should
be taken to avoid overwhelming the clinicians. Even
before the described wave of digitalisation, medicine
has been one of the most information-heavy and
demanding professions. Training doctors may find
it difficult to stay up to date with their medical know-
ledge and simultancously develop novel skillsets.
Thus, despite the challenges of implementation into
formal medical undergraduate and postgraduate
training, the responsibility to educate the new cadre
of medical doctors equipped with higher digital liter-
acy and appreciation of data science lies with the
universities and board examiners.

Data science is a rapidly evolving multidisciplin-
ary field and the regulatory bodies must keep up the
pace to provide standards for novel research
models, innovation and trends in data analytics.
However, it is certain that the greater knowledge
of computer programming by doctors is required
for highly efficient, truly data-driven modern
medicine.
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