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ABSTRACT

Mobile health (mHealth) interventions have demonstrated promise in improving outcomes by motivating
patients to adopt and maintain healthy lifestyle changes as well as improve adherence to guideline-directed
medical therapy. Early results combining behavioral economic strategies with mHealth delivery have demon-
strated mixed results. In reviewing these studies, we propose that the success of a mHealth intervention links
more strongly with how well it connects patients back to routine clinical care, rather than its behavior modifica-
tion technique in isolation. This underscores the critical role of clinician-patient partnerships in the design and
delivery of such interventions, while also raising important questions regarding long-term sustainability and
scalability. Further exploration of our hypothesis may increase opportunities for multidisciplinary clinical teams

to connect with and engage patients using mHealth technologies in unprecedented ways.
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CLOSING THE GAP WITH mHEALTH

In the current age of evidence-based medicine, patients can benefit
from an impressive spectrum of risk-reducing therapies. Yet, clinical
efficacy and effectiveness is limited by barriers that hinder adherence
to guideline-directed medical therapy. In particular, motivating
patients to adopt a healthy lifestyle has proven to be challenging.
The small but growing body of literature on mobile health
(mHealth) interventions demonstrate their promise in addressing
these gaps, in turn improving patient outcomes, reducing healthcare
utilization, decreasing costs, providing abundant data for research,
and increasing patient satisfaction. However, the results of these
studies have been mixed, raising the question: what makes a
mHealth intervention effective?

ARE BEHAVIORAL ECONOMICS THE SECRET
SAUCE FOR vHEALTH EFFECTIVENESS?

Recent mHealth studies have utilized smartphone applications and
text messaging to incorporate behavioral economics-based tools
into patient care, including financial incentives (rewards for adher-
ence and penalties for nonadherence), commitment contracts
(upfront financial deposit is lost if a goal is not met), and social net-
works (collective peer commitment to a healthy behavior with or
without financial incentives).! Trials that have demonstrated posi-
tive results include the ACTIVE REWARD study (Loss-Framed Fi-
nancial Incentives and Personalized Goal-Setting to Increase
Physical Activity Among Ischemic Heart Disease Patients Using
Wearable Devices: The ACTIVE REWARD Randomized Trial), a
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randomized controlled trial of 105 patients. This study demon-
strated that combining wearable fitness trackers with daily feedback
and risk of losing a reward significantly increased physical activity
in ischemic heart disease patients, when compared with a control
group with a wearable device alone.? Patients in the intervention
group walked 1066-1501 steps compared with 92-385 steps in the
control group during the ramp-up, maintenance, and follow-up
phases of the study. Another recent high-profile trial of around 6000
smokers found that financial incentives, combined with a motiva-
tional text-messaging service, resulted in a higher rate (2.0%-2.9%)
of sustained abstinence from smoking than did usual care (0.1%),
free access to cessation aids (0.5%), or free e-cigarettes (1.0%).>

Despite these positive results, other studies that assessed the
effectiveness of mHealth interventions raise doubts regarding the
benefit of behavioral economics strategies. A study of 19 truck
drivers found that a mHealth financial incentive program led to
nonsignificant increases in physical activity and a small statisti-
cally significant increase in fruit and vegetable consumption.*
However, participant feedback revealed that the financial incen-
tives themselves were not very motivating, which was objectively
supported by the majority of drivers progressing no further than
the second of 5 reward tiers. Similarly, the HeartStrong study
(Effect of Electronic Reminders, Financial Incentives, and Social
Support on Outcomes After Myocardial Infarction: The Heart-
Strong Randomized Clinical Trial), a randomized clinical trial of
1509 acute myocardial infarction patients, found that providing
electronic pill bottles, lottery incentives, and extra social support
did not improve medication adherence.” The authors discuss a
number of possibilities as to why there were no differences, one
of them being that clinicians were not directly involved in the in-
tervention.

These mixed results highlight the reality of behavioral econom-
ics: a powerful tool that, when used in isolation, has limitations in
improving patient outcomes. The results associated with the mini-
mal clinician involvement in both the truck driver and HeartStrong
studies suggest the importance of a more powerful tool in promot-
ing mHealth effectiveness: the clinician-patient relationship.

CLINICIANS ARE A KEY INGREDIENT TO
MHEALTH SUCCESS

mHealth studies demonstrating improved patient outcomes have
frequently incorporated some level of clinician involvement. Here,
we define clinicians broadly to include not only physicians, but
also advanced practice clinicians, nurses, pharmacists, physical
therapists, and health coaches, among others. While in the AC-
TIVE REWARD study, patients were contacted during cardiology
outpatient visits, the aforementioned smoking cessation trial used
health coaches to recruit employees through an employer wellness
program. Importantly, certain mHealth trials that show promise
did not use behavioral economics, but instead focused on incorpo-
rating personalized connections to routine care. An example is the
mActive trial (mActive: A Randomized Clinical Trial of an Auto-
mated mHealth Intervention for Physical Activity Promotion),°
which demonstrated increased physical activity in those receiving
the mHealth intervention. Every patient was enrolled through a
cardiologist, and coaching text messages specifically included the
patient’s cardiologist’s name. Another mHealth trial, TEXT ME
(Effect of Lifestyle-Focused Text Messaging on Risk Factor Modi-
fication in Patients With Coronary Heart Disease: A Randomized
Clinical Trial), demonstrated an improvement in cholesterol and

other cardiovascular risk factors.” The intervention text messages
patients received were signed “Westmead Hospital.” These posi-
tive trials all provided a personalized link to clinical care (eg, to a
doctor, hospital, or wellness program), suggesting that mHealth
effectiveness may be related to keeping patients connected to care
rather than with a specific provider.

In this context, we believe that the clinician-patient relationship
in mHealth should not be underestimated, as both an essential part
of a therapeutic intervention and a potential limitation to scalability.
In some mHealth studies, the extra support of a clinical research
team may be critical to positive outcomes in a trial. Yet, this may
not be replicable in a real-world application of the same interven-
tion. For example, in an mHealth study enrolling twenty patients
with peripheral artery disease, staff remotely monitored step counts
weekly and called participants who did not meet their goals.® While
practical for a dedicated staff and small patient population, this is
difficult to scale to large-scale clinical practice on a long-term basis
due to the exhaustive resources necessary to sustain such a practice.
Thus, the increased clinician-patient face time and connection in
these clinical trials may be a confounding variable and may be diffi-
cult to scale to real-world clinical practice. This should be a consid-
eration for translating mHealth trials to routine practice, raising
questions of how much clinician involvement is necessary to achieve
intended clinical outcomes and what the critical points are at which
clinicians must be engaged.

In our view, increased clinician-patient interaction should be the
rule, rather than the exception. Thoughtful mHealth intervention
design can directly aim to facilitate and strengthen the human con-
nection between patients and clinical care teams, while remaining
scalable and reproducible. For example, interventions may facilitate
routine follow-up appointments through reminders, integrate with
electronic health records to provide personalized experiences, or col-
lect clinical data that can support clinical decision-making. In other
words, mHealth is best used to enhance, rather than replace, existing
relationship-based clinical care.

FROM INGREDIENTS TO SOUP FOR THE
MASSES

The likely synergy between clinicians and mHealth demonstrates a
need to design and conduct pragmatic trials. These trials could com-
pare non-integrated mHealth interventions, as well as different
methodologies of integrating mHealth interventions into routine
care. Before widespread clinical adoption can occur, determining
how best to implement mHealth interventions, including how
patients will optimally interface with each member of a clinical care
team, is a major stepping stone yet to be undertaken. Such studies
will need to consider all stakeholders, including clinician and patient
perspectives. Furthermore, it is likely that mHealth interventions
will facilitate a greater role for nonphysician clinicians, so incorpo-
rating their perspectives will be especially important.

One possible way for a clinical team to engage patients is
through “app prescriptions.” The idea of nonpharmacologic pre-
scriptions has been explored with smoking cessation,” exercise, '’
and diet''; its utility may likewise translate to modern mHealth
interventions. Once an app is prescribed, it can be used to coordi-
nate patient care, help patients follow guideline-directed therapy,
and encourage sustained patient self-management. For example,
during hospitalization, after a smartphone app has been pre-
scribed to a patient, nurses could assign patient-specific education
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on their health conditions and medications, while physical thera-
pists could use the app to assign exercises with corresponding
video demonstrations. Similarly, in the outpatient setting, clini-
cians could prompt patients during visits by simply asking if they
are finding the app helpful. Symptoms, vital signs tracking, and
medication adherence data could be used to facilitate conversa-
tion,'? or target more socially isolated patients.'? Prescribing an
app, and then using a team-based approach to engage patients
could emphasize to patients the importance of the app as a part of
their care.

NOT ALL SUNSHINE AND RAINBOWS:
IMPLEMENTATION CHALLENGES

At present, mHealth hardware and software is largely created by
nonclinicians, which may present challenges to leveraging the
clinician-patient relationship and clinical workflow integration un-
less development teams collaborate with clinicians early during
mHealth development. Specifically, frontline clinicians should be en-
couraged to drive the iteration of these tools and partner with indus-
try in development to provide valuable input in the following areas:
(1) clinical need, (2) deployment process, (3) type and frequency of
data reporting, and (4) clinical decision support algorithms. Early
clinician engagement can also encourage adoption and maximize
positive impact of an intervention.

Driving clinician and patient adoption of mHealth interventions
presents additional financial challenges. The question of who should
bear the cost of an intervention remains unresolved. While tradi-
tional medical drugs, treatments, and devices are often paid for by
health insurance, little precedent exists for reimbursement of soft-
ware and the consumer hardware on which it runs. For example, if a
mHealth app requires the use of an internet connection, should
patients be required to purchase their own internet service? The
answers to such questions have implications for health equity, espe-
cially as mHealth has been recognized as a tool that could be used to
reach medically underserved communities. As mHealth will drive a
continued shift away from encounter-based fee-for-service health
care, reimbursement of clinicians must also be updated to match this
shift.

Moreover, clinicians and nurses are increasingly burdened by
regulatory requirements and time-consuming use of electronic health
records. The limited capacity for health providers to take on addi-
tional responsibilities related to and process data generated by
mHealth tools is an important consideration for efficacy and scal-
ability. Similar concerns exist with remote patient monitoring; a
clinical trial of remote monitoring in congestive heart failure
patients showed no reduction in mortality, which may have been
due to a limited ability of the clinical team to provide feedback to
stable patients.'® Successful mHealth adoption requires careful con-
sideration of what parts of a mHealth intervention should be “high
touch” while automating other parts. For example, automated de-
ployment and fully digital onboarding can minimize the need for ad-
ditional human resources and time reserved for managing the
mHealth intervention itself, enabling clinicians to practice at the top
of their license and training. Use of predictive machine learning
algorithms may also assist clinicians in caring for a larger patient
population by automating and personalizing advice for a majority of
patients, while identifying high-risk patients or clinical situations
who may require timely attention from a clinician.

THE VIRTUAL CLINICIAN: ARTIFICIAL
INTELLIGENCE AND MACHINE LEARNING

The growth of real-time data collection as well as advancements in
computing and machine learning algorithms provide ample opportu-
nities for clinicians to develop “precision behavior change” interven-
tions. Collaborating across disciplines, from medicine and
behavioral sciences to engineering and computer science, facilitates
delivering individualized interventions to patients in their day-to-
day lives in the “right context at the right time.”'* The use of ma-
chine learning to personalize dietary advice for patients with diabe-
tes recently demonstrated promising results,'> suggesting that
personalization is one of the key tools of a clinician in improving
patients’ health that may be emulated by an algorithm.

Marginalized patient populations may also benefit from artificial
intelligence—based mHealth interventions. Many of these communities
may suffer from historic or current distrust of their local medical es-
tablishment, preferring to avoid direct clinician contact. Other
patients may feel uncomfortable asking questions of clinicians due to
the personal and sensitive nature of some health conditions, or for
fear of appearing unknowledgeable. A previous study of hospitalized
patients with depressive symptoms found many patients preferred re-
ceiving discharge instructions from an empathic computer-animated
conversational agents rather than their doctors or nurses.'®

While a full discussion of the capabilities of machine learning
algorithms is outside the scope of this manuscript, we recognize that
machine learning offers opportunities to augment the clinician’s role
in personalizing patient care, and in some cases may function as a
virtual alternative to a human clinician.

CONCLUSION

In summary, recent mHealth studies have demonstrated great poten-
tial for improving patient health. It is likely that mHealth interven-
tions are most effective in the context of enhancing current clinical
practices, rather than independent of routine clinical care. The po-
tential synergies between mHealth and routine clinical care merit
further scientific study. Overall, future mHealth work should ideally
encourage clinician-patient partnerships and engagement to opti-
mize the capabilities of mHealth in improving patient outcomes.
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