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Abstract
Healthcare is realizing the importance of health information technology - its applications and
devices in play today. Advancing healthcare best practices will rely on up to date data and analysis
to provide the most effective forms of therapy. Healthcare is becoming more reliant on patients
who are engaging in their own healthcare. With this we are seeing an increase in available health
related apps for these devices. This summary reviews various connected health strategies using
proven apps and devices to improving the quality of care, promoting patient engagement, and
improving outcomes. Here we discuss several trends and the healthcare delivery implications.

Review
The widespread adoption of connected and digital health technologies and healthrelated apps are empowering patients to monitor their health [1,2]. Some view these
technologies as a key approach to improving quality of care, patient engagement, and
outcomes [3]. The addition of genetic information to the mix promises to enable more
personalized options for the diagnosis and management of chronic disease. Hence, the
locus of care will potentially move from the doctor’s of ice and hospital to where the
patient is, creating a number of important changes to care delivery. Here we discuss
several trends and the healthcare delivery implications.
Weight and cardiovascular risk factor management
Controlling obesity -- a risk factor for chronic illnesses, including type II diabetes
and cardiovascular disease, conditions known to be responsive to increased physical
activity -- is a high-priority public health goal [4]. Between 2011 to 2017, there were
an estimated 423 unique wearable devices on the market for weight management,
including itness trackers and smart watches [5]. Websites and smartphone apps can
also help evaluate caloric intake, and “smart scales” can synch with software applications
to provide consumers continuous feedback. Evidence demonstrating improved health
outcomes is accumulating, especially when these devices are combined with behavioral
interventions [6-10]. However, in less motivated populations with pre-diabetes or
diabetes, these strategies might not be effective, and more innovative approaches, and
additional research, is still needed [11]. Mobile health (mHealth) technologies can give
primary care practices and patient-centered medical homes important opportunities
to partner with patients. For example, individuals not making acceptable progress
with weight reduction can be quickly identi ied and a case manager or clinician
alerted to trigger a coaching call. Patient-generated data can be incorporated into the
patient’s chart for periodic review along with other clinical data, such as lab results. By
capturing data from consumer wearables and displaying these data in the context of
the electronic record, we can optimize clinician and patient engagement.
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The Centers for Medicare and Medicaid Services (CMS) recently approved new
reimbursement codes for remote monitoring of chronic illness. Providers must
integrate these codes into revenue cycle operations. Training clinical staff (nurses
and mid-level providers) to check incoming data from patients and escalate decision
making to a physician, as needed, is another important step.
Diabetes management
Wearable continuous glucose monitors (CGMs) and lash glucose monitoring devices (a wearable sensor and smartphone/reader to scan the sensor), including the
DEXCOM G5/G6 and the Freestyle Libre Sensor, promise to revolutionize diabetes
management. These devices enable tight glycemic control while minimizing hyperand hypoglycemic episodes, which can result in improved HbA1c and “time in-control”
for patients with both type I and type II diabetes [12]. Patients using approved CGMs
can self-adjust insulin doses without con irming results with capillary glucose ( ingerstick) readings [13]. The FDA evaluated data from 2 clinical studies including 324
adults and children in which DEXCOM G6 readings were compared against laboratory
measurements of blood glucose, and found no serious adverse events [14]. Several
landmark trials have demonstrated the ef icacy of CGM technology in patients requiring multiple daily insulin injections (MDI) [15], continuous subcutaneous insulin infusion (CSII) [16], and in patients with hypoglycemic unawareness [17]. In the future, we
expect machine learning and robust arti icial intelligence (AI) will assist with this type
of analysis. One emerging example is the “applied health signals engine” from Livongo
[18]. CGM systems are now being deployed in closed-loop con igurations with CSII; the
Medtronic Minimed 670G system approved by the U.S. Food and Drug Administration
(FDA) is on the market [19]. Others are likely to soon follow.
mHealth technologies will enable providers to partner with patients with diabetes,
such as adjusting treatment regimens via the patient’s mobile device. AI software can
ef iciently evaluate patient-generated health data from mHealth tools, along with lab
results (e.g., glucose levels, renal function, HbA1c, and lipid pro iles) and eye exam
reports, to continuously monitor patients’ progress. Patients needing more intensive
intervention can meet with a certi ied diabetes educator or have a scheduled clinic
visit. These technologies allow for implementation of population health goals, and
makes patient management truly time- and place-independent.
Recommendations for practice readiness, similar to those for weight management,
include additional emphasis on integrating home glucose monitoring data into sections
of the electronic record where clinicians can easily view patients’ relevant lab data.
Congestive Heart Failure (CHF) management
This chronic condition consumes signi icant healthcare resources and is associated
with repeated ER visits and hospitalizations, and high rates of readmission. In the
United States, CHF is one of the Medicare readmission penalty diseases; the average
cost of a single hospitalization for a Medicare recipient is $14,631, with a median
length-of-stay of ive days [20]. Data demonstrate that 40.2% of Medicare patients
with CHF are readmitted within 90 days of a prior hospital discharge [20].
Several studies have shown that home telemonitoring, including digital scales,
blood pressure monitoring via smartphones, and pulse oximeters can reduce both
hospital admissions and mortality [21-25]. One meta-analysis of home telemonitoring
[21], documented a 40%-46% reduction (not statistically signi icant) in CHF-related
admissions, a signi icant reduction in mortality (30%-67%), and a 53%-62% reduction
in bed days. A study from Italy, [22] comparing home telemonitoring with usual care,
demonstrated a highly signi icant reduction in the composite endpoint of mortality and
rate of hospitalization. Another meta-analysis [23] including 21 studies (3082 patients),
using a random-effects model, demonstrated that home telemonitoring reduced
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mortality (risk ratio = 0.64; 95% CI: 0.48-0.85) compared with usual care. Several of
the studies analyzed in the meta-analysis suggested reduction in hospitalizations. A
20% reduction in all-cause mortality and 21% reduction in rate of hospitalization were
documented in a third meta-analysis of 4264 patients [24]. However, another recent
meta-analysis suggested that a decline mortality is short-lived; home telemonitoring
reduced all-cause and heart failure-related mortality at 180 days, but not at 365 days
[25].
In the future, deep machine learning and AI can assess a broader array of clinical
and patient-generated data to identify patients requiring more intensive intervention
from a nurse or other clinician, improve outcomes and further reduce the cost of care.
Furthermore, AI applications can analyze data in an EMR (“EMR crawlers”) and suggest
treatment optimizations.
For CHF, practice readiness is a more high-touch intervention than those discussed
earlier, and requires coordination between primary care, cardiology and, often, home
care. Telemonitoring staff, often nurses in a call center environment, must have shared
protocols with contingency orders, as well as clear and open communication with
providers managing the patient. When clinically meaningful changes are detected,
the care team must act quickly to avoid unnecessary emergency room visits and
hospitalizations.
Cardiac Arrhythmia (Atrial Fibrillation) detection and management
Timely detection of atrial ibrillation (A Fib), a known risk factor for stroke, can be
facilitated by FDA-approved apps on mobile devices, and is crucial to prevent strokes.
In the REHEARSE-AF study [26], A Fib was more likely to be diagnosed in patients
age 65 and older using twice-a-week screening with an AliveCor Kardia monitor
attached to a WiFi-enabled iPod than in the usual care group (hazard ratio, 3.9; 95%
con idence interval=1.4-10.4; P=0.007). Another recent study demonstrated that the
wearable ECG monitoring patch, ZIO XT Patch from iRhythm Technologies, resulted in
signi icantly higher A Fib detection rates, higher rates of anticoagulation, and a greater
number of cardiology visits in actively monitored patients, compared to controls
where monitoring was delayed [27]. This patch can be mailed to the patient, and selfapplied; after monitoring is complete, the patch is mailed to a facility that analyzes the
recorded data.
Janssen Pharmaceuticals and Apple recently announced they are collaborating to
test an Apple Watch app to detect A Fib [28]. Apple recently released its own app, but
had problems with false positive results, compared to a wearable patch [29].
The biggest challenge is integrating technologies offering continuous feedback into
a clinical practice model based on episodic care delivery. Who is responsible to identify
a positive signal and take appropriate action? Similar to the chronic care management
approach above, A Fib often demands more acute management than hypertension,
obesity and the like.
Incorporating personal genetic information
Overlaying personal genetic information with mHealth data has the potential to
revolutionize chronic disease diagnosis and management. Leveraging AI solutions to
analyze a wide array of genetic information, together with other clinical data, mHealth
can present the patient and care team with the most appropriate -- and personalized
-- treatment options. The combination of genetic data with personalized phenotypic
data (from apps and wearables) will enable truly individualized treatment regimens.
Personalized medicine can be enhanced with speci ic knowledge of diseasecausing genetic variants, and greater understanding of how the genomic environment
Published: June 25, 2019
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in luences individual responses to therapeutic agents [30]. Several marketplace
solutions currently offer direct-to-consumer DNA sequencing of the 20,000+/- proteincoding human genes, for under $100 USD [31]. Challenges abound, from how to deal
with the vast data stores created, to setting pricing for “N of one” treatments.

Conclusion and Future Vision
mHealth devices and connected health strategies offer a powerful approach to
implementing personalized health strategies, creating unprecedented opportunities to
improve the diagnosis and management of chronic conditions, and empowering patients
to engage in their health and wellness. We believe that the overlay of genetic data with
mHealth, deep machine learning, and AI could lead to unparalleled advances in more
personalized management of chronic diseases. There will undoubtedly be signi icant
upfront costs and implementation challenges to embed advanced technologies such
as AI into the current infrastructure, but the potential for improved quality of care
at lower cost will likely ultimately offset the initial costs. Emerging technologies and
innovations will need to be carefully vetted with robust, high-quality clinical validation
studies to ensure they improve outcomes.
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