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T

he digital revolution has affected virtually every aspect of
our lives, and health is no exception. This is particularly
evident in the burgeoning area of mobile health
(mHealth). A subset of the overall digital health market, which is
expected to exceed half a trillion dollars in revenue by 2025, 1
mHealth refers to the use of cell phone technology to deliver
health care. A linked research paper reporting on the effectiveness of a smartphone camera functioning as a de facto photoplethysmograph to evaluate the adequacy of collateral circulation
in patients scheduled for cardiac catheterization via radial artery
access offers an excellent example of the opportunities presented by these technologies.2 Using doppler ultrasonography as
a gold standard, Di Santo and colleagues showed that the cell
phone technology had superior diagnostic accuracy compared
with the modified Allen test. Despite challenges in development
and scale up of such technologies, there is much to be optimistic
about in mHealth.
Early mHealth applications focused on the use of short message service text messaging with standard cell phones and had
some promising results, particularly in low- and middle-income
countries.3 The advent of smartphone technology and mobile
applications has increased the potential impact and scope of
mHealth dramatically. These applications are being designed for
both health care providers and the public, thus empowering
patients to take more control of their health care. Although the
number of smartphone applications being downloaded is declining in general, health application usage has increased.4 Importantly, those who have come of age in the new millennium (millennials), among whom smartphone penetration is greatest, are
the largest demographic of health application users.5 However,
as the number of mHealth applications continues to increase,
with over 3 billion downloads worldwide,6 challenges associated
with bringing mHealth into practice have also increased. These
obstacles include moving mHealth technologies from pilot
s tudies to broader dissemination and use, determining the
degree of evidence needed for widespread adoption,7 identifying
the appropriate regulatory framework for these technologies and
assessing how best to conduct research in an area where the
technology being evaluated is constantly changing. Many of
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The advent of smartphone technology and mobile applications
has increased the potential impact and scope of mobile health
(mHealth) dramatically, but the challenges of bringing this
technology into wider practice are substantial.
Although downloads of smartphone applications are declining
in general, health application usage has increased, particularly
among millennials.
Most mHealth applications do not undergo rigorous evaluation;
indeed evaluation is difficult because of rapidly developing and
changing technology.
The health care profession and regulatory agencies should
proactively address the challenges associated with bringing
mHealth solutions into practice to maximize their benefits.

these obstacles are present in the case of the technology
described by Di Santo and colleagues.2
The findings of the linked study are promising in many
respects. Cell phone technology provides an easily accessible and
superior alternative to physical examination to assess radial collateral circulation. The study’s authors should be congratulated
for conducting a rigorous evaluation of the application of their
technology, because most mHealth applications do not undergo
any evaluation. As the authors point out, in addition to its potential health benefits, this technology could have important implications from a resource perspective; given the ubiquity of smartphone technology, the cost of its application would be minimal.
However, like many mHealth innovations, this proof-of-concept
pilot will face many obstacles to widespread clinical adoption.8
The speed of development and change in the technology
being evaluated means that mHealth applications, and digital
health in general, face an issue not usually encountered in evaluations of traditional pharmaceutical interventions. For example, in
the linked study, the camera used was from an iPhone 4S, likely
state of the art at the time. However, from the study’s inception to
its publication, the iPhone camera’s megapixel quality increased
from 8 for an iPhone 4S to 12 for an iPhone X. Presumably, this
change would improve the accuracy of the assessments in this
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ued maturation of technologies, such as artificial intelligence, virtual
reality and blockchain, will further expand the possibilities for
mHealth in both diagnosis and treatment in health care. It is incumbent upon the health care profession to address proactively the
many challenges mHealth presents to best maximize its benefits.
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case, but in other instances, technological changes could qualitatively alter the intervention to such a degree that the original
study becomes irrelevant. For many mobile technologies, and
applications in particular, development is continuous, in what is
referred to as an agile process. Agile development refers to the
creation of a minimally viable product and then rapidly iterating
that product based on performance and feedback. 9 Consequently, the product being evaluated at the outset of a trial is
likely to be constantly changing, with numerous features added,
removed or altered as the trial progresses. Alternative clinical
trial methods, such as adaptive designs that permit iteration as
the trial proceeds, may offer opportunities to evaluate such
dynamic products more effectively.10
A previous analysis of US Food and Drug Administration regulatory studies showed that few mHealth technologies receive
approval for clinical study.11 Arguably, the use of a smartphone
for the purposes described in Di Santo and colleagues’ study
meets the standards of a medical device — a health or medical
instrument used in the treatment, mitigation, diagnosis or prevention of a disease or abnormal physical condition. However,
uncertainty remains over the regulatory standards governing
many mHealth applications, and, as previously discussed in
CMAJ, it is not clear which mHealth medical devices are low or
high risk and, therefore, what the process should be for achieving
regulatory approval.12
On a positive note, the linked study represents an excellent
example of the democratization of innovation. With traditional
pharmaceuticals, the process from idea to innovation is long and
arduous, with substantial barriers to entry and low likelihood for
success. Digital technology has opened up the innovation space
to a whole new generation of health care entrepreneurs. Whether
coming up with ingenious novel applications of existing technology on phones, taking nascent ideas to developers or hack-athons to create α/β versions, or learning coding themselves,
health care providers and patients can now more easily champion innovation. These will be the people who have the best
understanding of and commitment to the needs of the public.
Referred to as a new industrial revolution, the impact of digital
technologies will be both disruptive and transformative. The contin-

