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IN BRIEF The traditional approach to integrating new therapies involves
long, expensive roadmaps with evidence generation required for multiple
stakeholders, most notably regulators and clinicians. More recently, new
technologies such as insulin delivery systems and continuous glucose
monitoring devices have become mainstream without complete clinical
evidence being available when they were first introduced. There is tremendous
enthusiasm from investors, industry, and people with diabetes regarding the
potential of digital health to add value to diabetes care, and this enthusiasm
exists despite a paucity of high-quality clinical evidence from traditional
randomized clinical trials. Moreover, the potential of diabetes digital health
technologies has been recognized by the U.S. Food and Drug Administration
and other regulators, who are changing their approaches to allow easier, earlier
access to diabetes software and devices. This wager that digital health will add

value makes sense.

ascal’s Wager was a suggestion

posed by the French philosopher

Blaise Pascal that even though
the existence of God cannot be de-
termined through reason, a person
should wager that God exists because
there is everything to gain and noth-
ing to lose. Almost a decade ago, we
suggested (wagered) that you could
apply similar reasoning to technolo-
gies such as continuous glucose mon-
itoring (CGM) systems being created
for people with diabetes: the introduc-
tion of these technologies into clinical
practice would be beneficial beyond
the available evidence at that time
(i.e., reason) (1). Going forward, we
believe that a similar type of reasoning
is appropriate for other forms of “dig-
ital health”; these new devices, appli-
cations (apps), and software packages
will provide benefits for people with
diabetes in the absence of compelling
evidence because there is everything
to gain and nothing to lose, albeit
with caveats of cost, convenience, and

time burden. Our reasoning (wager)
is based on considerations of /) what
is digital health, 2) what are the met-
rics of success for digital health, and
3) what is the value of digital health
for diabetes?

What Is Digital Health?

New digital technologies, including
wearable and implanted sensors and
effectors, comprise part of a digital
ecosystem of data-driven tools that
can link people with diabetes and
their care teams, enabling precision
management of diabetes (2). In prac-
tical terms, a digital health product
consists of a wearable (or implanted)
sensor with wireless communication,
a smartphone to receive the informa-
tion, and software (referred to a “mo-
bile app”) to process the information.
At present for diabetes care, a usual
consequence of using a digital health
product is representation or inter-
pretation of the data for the user. In
some circumstances, there may also be
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TABLE 1. Examples of Three Potential Metrics of Success for Digital Health Technologies Applied to
Diabetes, According to Stakeholder*

Metric Metric

Stakeholder
People with diabetes

Metric

Less hypoglycemia Less glucose variability Less excess weight gain

Caregivers or family
members of people with

Less time spent on
diabetes management

Less financial burden

Fewer episodes of uncontrolled
diabetes, especially severe

diabetes hypoglycemia

Clinicians Less time spent dealing with  Less time spent on non- More appropriate reimburse-
unscheduled visits clinical aspects of care ment models

Payers Improved value and less Reduced variation in care  Better access to and effective-
cost and less waste ness of preventive measures

Industry Wider adoption of value- Lower rates of adverse Lower research and develop-

based health care

clinical outcomes

ment costs

*This is not an exhaustive list.

decision support or even an automat-
ic effector action (i.e., an automatic
response to a trigger created by the
software).

The aim of creating and using
digital health technologies is to facil-
itate the so-called “four purposes” of
health care, namely diagnosis, mon-
itoring, treatment, and prevention,
leading to four types of outcomes.
For diabetes care, the first outcome
is increased knowledge of factors
affecting diabetes control. Second is
support for an individual to move
toward a healthier lifestyle that is
likely to lead to improved outcomes.
Third is support for healthy engage-
ment with a mutually agreed upon
treatment regimen so that a person
with diabetes will accrue the max-
imum benefit from this regimen.
Fourth is reduction in the personal
time burden for self-management.
For example, when a smart sensor
(defined as a device taking input from
the environment and using computer
resources to trigger predefined func-
tions upon detection of specific input)
is connected directly to an actuator
(defined as a device with integrated
software that acts in response to elec-
tronic control from a sensor), then the
sensor is said to control the actuator
and therefore can be automated.

Digital health data are crucially
important to support the modern
precision medicine paradigm for
directing medical treatment to the
individual anatomy, biochemistry,
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and physiology of each patient (3).
In simple terms, precision medicine
involves ascertaining, combining,
and applying four types of informa-
tion into a specific picture of each
individual: 7) a phenotypic assess-
ment, 2) a sensor-based behavioral
assessment, 3) genetic information,
and 4) “-omics” (e.g., genomics, pro-
teomics, or metabolomics) expressions
of genes. Connected wearable sensors
and mobile apps, which are basic
components of digital health systems,
inform the first and second items. In
diseases such as diabetes, for which
individualized genetic information
and genomic-based pharmacother-
apy are not readily accessible and
behavior and physiological status are
changing throughout the day, these
digital health tools are particularly
valuable for describing the features
of a patient’s health. Furthermore,
constantly updating smart sensor
information can provide an evolving
real-time phenotypic picture of any
patient.

The digital health paradigm of
continuous observation provides a
new dimension for understanding an
individual’s medical status based on
multiple sensor-enabled physiologi-
cal measurements that are analyzed
and stored in the Cloud (Internet).
Digital health tools with real-time
monitoring capabilities can greatly
supplement single data points that
represent aggregated data, such as
A1C, mean achieved glucose, time in

range, typical daily insulin dose, and
insulin sensitivity (4). The use of real-
time knowledge can then empower
better real-time decisions.

Ultimately, judgment of digital
health tools will be based on their
ability to deliver improved outcomes
that matter to people with diabetes,
clinicians, and other stakeholders.
Ideally, these technologies should
also reduce the time burden for each
of these groups. In the assessment
of digital health products, it is nota-
ble that the metrics of success may
be different for different audiences
involved in diabetes care (Table 1).
Opverall, digital health tools need to
demonstrate usability, clinical benefit,
economic benefit, adequate security,
and safety to satisfy various stake-
holders (5). For digital tools that can
demonstrate these attributes, health
care systems will have to be recon-
figured to accommodate the use of
digital health data. Importantly,
this means that electronic health
records will need to integrate digital
data, clinical workflows will have to
accommodate digital data, and man-
ufacturers of digital systems will be
required to follow standards to make
their hardware interoperable and their
data capable of integration (6).

What Are the Metrics of
Success for Digital Health and
Diabetes?

A 2018 review of the efficacy, us-
ability, and features of commercially
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[ FROM RESEARCH TO PRACTICE / USING DATA TO IMPROVE DIABETES OUTCOMES

TABLE 2. Four Key Messages From the AHRQ Review of Mobile Apps for Diabetes

Self-Management

1. Although hundreds of apps for diabetes self-management are commercially available, we only identified health

outcomes studies on 11 apps.

2. Ofthe 11 apps, studies showed that only 5 were associated with clinically significant improvements in A1C, an
important clinical test for monitoring diabetes (for type 1 diabetes, Glucose Buddy and Diabeo Telesage; for type
2 diabetes, Blue Star, WellTang, and Gather Health)

3. None of the studies showed patient improvements in quality of life, blood pressure, weight, or BMI. More rigorous
and longer-term research studies could determine whether apps help people manage their diabetes and reduce

complications.

4.  The studies had methodological issues. They were short (2-12 months); inconsistent in reporting of randomiza-
tion, allocation, masking, and dropout analysis; and often used co-interventions that hindered interpretation of
results. None of the included studies was considered to be of high quality.

available smartphone apps for dia-
betes self-management published by
the Agency for Healthcare Research
and Quality (AHRQ) of the U.S.
Department of Health and Human
Services reached four conclusions
(Table 2) (7). Overall, studies of only
five apps showed a clinically meaning-
ful reduction in A1C of at least 0.5
percentage points when compared to
usual care. Of those five, two were
for type 1 diabetes and three were for
type 2 diabetes. Furthermore, only a
few commercially available apps had
clinical evidence supporting improved
glycemic control, and the impact of
the apps could not be distinguished
from the concomitant effect of addi-
tional support from a health care pro-
vider. These A1C findings were similar
to average A1C decreases (compared
to controls) in randomized controlled
trials of diabetes mobile apps noted
elsewhere (8,9). An additional limita-
tion of the evidence is that no trials
have yet reported outcomes beyond
1 year. It is noteworthy that, cur-
rently, 21% of users abandon an app
after one use (10). For downloaded
health-related apps, about half of us-
ers give up because of the amount of
time taken to enter data, loss of in-
terest, hidden costs, challenges with
understanding how to use them, and
concerns about data-sharing (11).

What Is the Value of Digital
Health?

The digital health revolution began
with the creation of technologies that
focused on helping individuals adopt
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more healthy lifestyles, usually based
on nutrition and physical activity
self-monitoring. Over time, there has
been a fundamental shift to expec-
tations that the use of digital health
technologies will provide meaningful
and measurable personal benefits. This
shift has occurred mainly due to ad-
vances in sensor technology (especially
miniaturization, increased power, and
improvements in aesthetics), smart-
phone computing capability, and most
notably, the promise of artificial intel-
ligence (AI). What has not changed
is the challenge for digital health in-
novators to prove that their products
have value.

Equation 1 can help define what
value means (12). The value of a
health care intervention depends on
the perspective of the observer. The
questions of who pays for the inter-
vention and who receives its benefits
greatly affect stakeholder perceptions
of value. A calculation of the value of
digital health would depend on many
factors such as the current health
condition of the user, the pattern of
disease progression, the effectiveness
of the intervention, the frequency of
measurement and intervention, and
the cost of measuring,.

From the perspective of payers,
there are few data in the literature to
support the economic value of digi-

tal health for diabetes (13). From the
perspective of users as consumers, the
outcomes from using such technolo-
gies should have meaningful value
beyond surrogate measures such as
average achieved glucose and A1C.
Although this type of metric is clin-
ically important in terms of defining
the risk of long-term complications,
from a digital perspective, as a mea-
sure of value, it is likely to be too
distant to have much relevance to
users. Glucose-based outcomes such
as ambulatory glucose profiles (which
show a patient’s daily glucose and
insulin patterns, including time in
the target range and a graphic rep-
resentation of excursions out of that
range) and glucose management indi-
cators using CGM data are likely to
have more impact for clinicians and
people with diabetes (14). Another
approach could include the use of
patient-reported outcome measures;
these involve patients responding to
questions on themes such as physi-
cal or social functioning and mental
well-being, including disease-specific
questions (15).

Experience of care is likely to be
based on users’ experiences with the
app, its financial cost (i.e., free versus
subscription), and the personal time
burden of incorporating the technol-
ogy into daily life (i.e., adding more

Outcomes + Experience

1 =
Value Cost

EQ. 1. Defining value in digital health.
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time to use a technology will be a neg-
ative experience). A 2018 survey by
Black Book Market Research of nearly
650 health care consumers found that
the digital consumer experience is of
high priority, and specifically, 92%
of respondents stated that improving
the customer experience should be
a top strategic priority for medical
providers. Respondents stated that
they expected to use digital tools
for improved patient-provider inter-
actions (93%) as well as improved
processes for care delivery, such as
virtual care access (85%), online
scheduling (97%), online payment
tools (92%), and online price trans-
parency tools (94%) (16). Finally, and
importantly, digital health technolo-
gies will be expected to reduce costs
for a health care system and not to
reduce reimbursement for clinicians.

The U.S. Centers for Medical &
Medicaid Services final 2019 physi-
cian fee schedule and quality payment
program provide reimbursement for
three types of connected-care services
that enable providers to manage and
coordinate care at home. The changes
pertain to three new CPT (Current
Procedural Terminology) codes that
separate remote physiologic moni-
toring services from telehealth (17).

Interpretation of CGM data was not
specifically presented as an example
procedure in these three new bill-
ing codes, and it is currently unclear
whether this type of monitoring will
be covered by these codes.

Achievement of the promise of the
digital health revolution will require
new approaches to clinical trial
design, including the use of intention
control comparators (e.g., testing a
smartphone app may not need to be
as a stand-alone technology but as a
tool to integrate with existing care). It
will also be necessary to reach a con-
sensus on how to measure adherence
to a “digital solution” (i.e., by asking
what keeps people using these prod-
ucts and what are the relevant metrics
to measure their use) (18).

The true goal for digital diabetes
health is to integrate technology with,
not substitute for, the health care
team. Increasingly, combining new
digital health tools such as wearable/
portable/implantable sensors with
companion software for using these
technologies for monitoring, treat-
ment, and, to a lesser extent, pre-
vention or diagnosis of diabetes and
its complications is becoming more
commonplace. An extension of this
trend is the use of digital technol-
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ogy to support people with diabetes
starting and staying with prescribed
therapies, but with a markedly
reduced time burden.

For other stakeholders in diabetes
care who represent the investment,
academic, and regulatory commu-
nities, there are indications of a
recent surge of interest in diabetes
digital health as a model for other
chronic medical conditions. Four
key trends from these stakeholders
are currently driving advances in
digital health delivery: /) increasing
financial investment in digital health
technology, 2) accelerating develop-
ment of new ideas and technologies
for digital health from academia and
industry, 3) development of new ideas
for streamlined regulation of the digi-
tal health industry by regulators such
as the FDA, and 4) increasing use of
real-world data collection by mobile
apps for clinical trials (19).

Digital Diabetes Ecosystem

In the future, a digital diabetes eco-
system will combine the Internet of
Health Things, personal health sensor
data, and the use of Al and machine
learning with smartphones providing
continuous access to the Internet. The
system will take in data from multiple
sources ranging from big data sets to

Diabetes Digital Health Ecosystem

Wearable Device Data
(e.g., glucose, activity, sleep) \
Publically Available Data
(e.g., environment, pollutlon)

Electronic Health Records

Support: Human (e.g., coaches),

Machine (e.g., chatbots), and Process
(e.g., prescriptions and refills)

Digital Therapeutic Platform with
Embedded Health Intelligence

(e.g., dosing algorithms)

(including primary care) /
Social Online Data ‘
(e.g., digital communities) Machine Learning and Al

SAFE, SECURE, PRIVATE

Patient-Centered Outcomes

FIGURE 1. Structure of a digital diabetes ecosystem of the future.
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wearable sensing devices and also in-
formation from electronic health re-
cords and online digital communities.
The digital therapeutic platform will
have embedded algorithms to support
diabetes care and also reduce the fric-
tion associated with self-management

tasks (Figure 1).

Conclusion

By considering what digital health is,
what the metrics of success for digital
health in diabetes are, and what the
value of digital health for diabetes is,
one can appreciate the clinical and
economic benefits of this paradigm.
Digital health for diabetes consists of
new smart sensors and mobile apps
for measuring body processes such
as continuous glucose levels. This ap-
proach to health care for diabetes has
been shown to improve A1C through
effects on knowledge, behavior, and,
in the case of closed-loop systems,
control of an insulin pump. New
approaches are also being developed
for sensors and for software to pro-
cess and act on sensor information.
A limited number of studies of the
effectiveness of digital health tools
for diabetes look favorable, although
more extensive research will be needed
to determine where these tools fit best
into the health care system. We be-
lieve that digital health tools will soon
also demonstrate economic value for
both patients and payers. Therefore,
our belief in the potential benefits of
digital health can be summarized by
stating that, by adopting this emerg-
ing technology, we have everything to
gain and nothing to lose.
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