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Abstract: Healthcare providers are shifting to a value-
based model that acknowledges the importance of a
healthy lifestyle for managing chronic disease and
mental health. This approach empowers patients to
adopt and/or sustain healthy lifestyle choices through
the use of innovative technologies—providing benefi-
cial ways of delivering health literacy, self-monitoring,
and patient—provider collaboration. Such pathways
have the potential to enable healthy lifestyle manage-
ment for a growing U.S. cohort—the ‘“baby boomer”
generation (BBG)—who are at risk for developing
heart disease, stroke, arthritis, high cholesterol, and
diabetes, etc. In this paper, we argue for a new mHeal-
thy lifestyle management (MLM) model that uses
mobile health technology as a means to engage BBG
consumers in ways that establish their role in self-care
and decision-making, as well as patient—provider col-
laboration that can significantly impact sustainable
healthy lifestyle behaviors. By merging the domains of
health informatics and human factors psychology,
MLM addresses the complex challenges associated
with patient—provider collaborative work, while offer-
ing a healthcare framework to BBGs in their quest to
self-manage a physical and/or mental healthy lifestyle.
A MLM use-case highlights the challenges and
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solutions for team-based clinical counseling. Finally,
recommendations for future MLM tools are outlined
that support patient access to personal health eTools,
information, and services. (Curr Probl Cardiol
2019;44:232—-266.)

Mobile Health Support for Healthy Lifestyle
Management

In the rapid evolution of healthcare, patients continue to ask providers
to shift from volume-based care (ie, fee for service) to a value-based
reimbursement structure (ie, fee for value), which is a “population health”
approach.' However, for healthcare providers to shift to such a model, a
clear understanding of the relationship between population health and
healthy lifestyle management (HLM) is required. Such an approach not
only benefits the patient, but incentivizes providers and healthcare serv-
ices to deliver quality care (at the lowest cost)—while providing patients
a lifestyle management approach with the greatest potential to improve
their personal health.

Synonymous to HLM refers to a systematic and personalized
approach to the management of chronic diseases, such as coronary
heart disease, diabetes, hypertension, etc. Stonerock and Blumenthal
(2017) state that “although there have been significant advances in
the prevention and management of chronic diseases, it is widely rec-
ognized that an unhealthy lifestyle (ie, health behaviors such as
smoking, dietary habits, and physical inactivity) plays an important
role in the onset and course of many chronic diseases.” They argue
that although physicians may prescribe behavioral changes, “getting
patients to actually adhere to these recommendations can be quite
challenging. Moreover, even when effective pharmacologic, behav-
ioral, and psychological interventions are available, motivating indi-
viduals to initiate and maintain lifestyle interventions can be
difficult” (Stonerock and Blumenthal, 2017).

With a commitment to the goals of HLM, the extraordinary prolifera-
tion of mobile devices (to improve healthcare outcomes) has provided
increasing promise for patients and healthy lifestyle seekers.” For exam-
ple, as societies worldwide address the need to care for their aging popu-
lation, they are increasingly look to mobile health (mHealth) as a means
to assist with access to health services, particularly for impoverished and
rural populations that are managing chronic conditions.
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We propose that mHealth will play an increasing role in engaging
patients in HLM,” as well as for motivating them to actively participate
in their medical care and long-term personal healthcare management. U.
S. Census Bureau data reveal that those 65 and over will rise from 40 mil-
lion in 2010 to 72 million in 2030." While the United States is currently
focused on access to care, other countries view mHealth as having the
potential to build health-centered communities and reduce healthcare
expenditures. Across Europe and China, and within other developing
countries, mHealth is viewed as a solution to expand healthcare delivery
and address a variety of health-related issues experienced by an aging
population.”®

The problem is that many providers have not yet moved beyond legacy
solutions formulated from the perspective of regulatory requirements for
patient engagement.” There are, however, new approaches that can
empower patients to adopt and sustain healthy lifestyles through the use
of innovative technologies—providing beneficial ways of health monitor-
ing and patient—provider collaboration, with increasing health literacy.
Such pathways to wellness have great potential to enable, as well as expe-
dite HLM, which is especially critical for a growing cohort of the U.S.
population—referred to as the “baby boomer” generation (BBG), those
born from 1946 to 1964.°'” According to the U.S. Census Office, 78 mil-
lion baby boomers (and 34 million of their parents) are at risk for devel-
oping chronic diseases, such as heart disease, stroke, arthritis, high
cholesterol, diabetes, and allergies.'' Because age is associated with dete-
riorating health, over 60% of BBG have already been diagnosed with at
least one chronic medical condition.'” For example, the Centers for Dis-
ease Control and Prevention (CDC), report that by 2017, the percentage
of adults with diabetes has increased with age, reaching a high of 25.2%
among those aged 65 years or older. CDC also reports that the total diabe-
tes cases for 45-64 is currently 14.3 million, with 12 million among those
greater than 65."”

Due to a number of factors, such as healthcare reform, higher costs for
healthcare services, and the ever-expanding population of an unhealthy
BBG, a “perfect storm” is forming that is contributing to an unprece-
dented need for transformational change in healthcare delivery. The need
is urgent, while the opportunities are great as to how emerging technolo-
gies can be brought to bear in yielding truly impactful advances in patient
self-care. For example, compelling new evidence in mHealth research
is pushing the boundaries of how to both engage and empower patients
and/or consumers in ways that establish their role in the area of
self-monitoring—a central activity in care-team collaboration. Such
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engagement will embed the self-health decision-making process as an
established practice within a broader healthy lifestyle framework. Recog-
nition that BBG patients need to be engaged in their own healthcare is a
first step in the direction of reassigning and redesigning the interactions
between them (as consumers) and their healthcare providers.

In this paper, we propose an integrated model by which mHealth, as
one (of several) healthy lifestyle solution, holds considerable promise in
empowering BBGs as they attempt to sustain a healthy lifestyle behavior
throughout their lives.'* The framework we propose addresses the com-
plex problem space of patient and provider collaborative work. Such
work embodies the vision that through merging domains of healthcare
information management and healthcare human factors, BBGs can be
supported in their quest to self-manage a healthy lifestyle. In the context
of HLM, we give particular attention to healthy lifestyle choices'” that
can lead to better self-management of physiological and psychological
disease, as well as cognitive processes that can support healthy lifestyle
behaviors. We also highlight research gaps around understanding the tar-
get audience, their health needs, and contexts of mHealth use. Such an
approach is multidisciplinary,'® from the research disciplines of health
informatics, public health, and human factor psychology.

Who is the Baby-Boomer Healthcare Consumer?

The CDC describes the BBG as a relatively affluent part of a growing
middle class, and as active and physically fit. Interestingly, however, they
are also considered as placing a strain on social welfare and the healthcare
system—particularly, an economic burden to the younger generations.'’
It is also reported that BBGs tend to deny issues surrounding their own
aging. For example, they do not see retirement as a time to slow down,
but rather as a chance to lead a more meaningful life, find fulfillment, and
do things they have always wanted to do (Gillon, 2010)”*. Furthermore,
due to their relative affluence, they express preferences for their own
healthcare needs in ways earlier generations never conceived. At each
life milestone, BBGs are influencing change—not only because of the
size of the cohort, but because of their demands as consumers of health-
care products and services.'”

While the oldest BBGs have already retired, are on Medicare, are more
likely to have health and disability issues, are less affluent, and have more
time available to manage their health needs—the younger of the BBGs
are still employed and tend to be more economically stable, regardless
of the fact that health insurance continues to be a top concern'’ (Smith,
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2014). In addition to the increasing influences of health consciousness in
the United States, this younger group is more focused on preventing
chronic conditions through adoptive technologies, rather than managing
them through the existing healthcare system.”’

Even though BBGs have been exposed to more technology than previ-
ous generations, their receptiveness to all available health technology is
uncertain.”’~***” Other research, however, suggests that BBGs are ready
to accept innovative health technologies, such as the use of smartphone
apps and mobile devices, websites to obtain health information, and
home monitoring for limited time periods.”' This is supported by a recent
report by the Pew Research Center that states that 76% of persons aged
65 years and above own a cell phone (smartphones, 18%), and 48% of
those 75 and older own a cell phone.

We argue that there is still-to-come, an overwhelming interest in person-
alized health services and the adoption of mobile health technologies that
facilitate independence and an active lifestyle. For example, the field of
consumer health informatics recognizes that ultimately, BBGs are consum-
ers of the healthcare products and services, as well as healthy-lifestyle
seekers and beneficiaries of advances in health information technology
(HIT).24 Similarly, consumer health informatics researchers (and the
eHealth technologies they design) are increasingly collecting and analyzing
health information to identify BBG health needs.

To this point, BBG health needs are a priority, as well as their empow-
erment as health consumers. In this way, their transition to healthy behav-
iors will provide added prevention and confidence in their quest to
successfully self-manage chronic conditions via the most advantageous
healthy lifestyle choices.”” This effort will increase their accessibility to
health data,”® and integrate research outcomes into a healthcare informa-
tion system that supports health-related decision-making.”’ Hence,
the goal is to afford quicker solutions to improving BBG health by aggre-
gating, visualizing, analyzing, understanding, and applying patient
health data.”®

mHealth Technology

Smartphones have obtained a special status, being an influential force
in human and societal development—oftentimes being indistinguishably
interwoven with every part of people’s daily activities. For this reason,
the ubiquitous nature and functionality of mobile devices, is challenging
our prior assumptions about their role in shaping personal health. As
such, we should identify them as HLM tools that have the potential to
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transform the way people take ownership of their health. For example, the
success of MyFitnessPal, and mobile apps like it, is due to their ability to
evoke motivational behaviors through self-monitoring, which from a
patient’s perspective embody the principles of engagement, empower-
ment, and sustainment.”’ '

mHealth refers to health-centered mobile computing that includes
wireless, medical sensor and communication technologies, and applica-
tions (apps) that are used in smartphones, tablets, and other mobile devi-
ces.”” Currently, the function of mHealth technology includes chronic
disease management, wellness planning, health promotion, among others.
Depending on the app, mHealth supports health-related activities using
both text messaging platforms, apps, sensors that track vital signs and
health activities, and cloud-based computing for collecting and analyzing
health data. A 2014 report from the Research2Guidance (2014) Research
Group (2014)” notes that mHealth mobile apps have more than doubled
over the last two and a half years, reaching more than 100,000 apps.

mHealth serves a variety of purposes, with functions that depend upon
the technology type and consumer population. Each function is associated
with an array of interactive tools that allow the patients to access their
health data in multiple forms. These functions include diagnostics, event
tracking, data collection, decision support, communication, and educa-
tion.”” Although the range of tools highlights the expert-level of the
mHealth user, the tools are often generalizable to match the needs of the
specific patient—consumer. These functions are also designed to support
a collaborative relationship between patients and providers. Ultimately,
the intention of their working relationship is to support patient progress,
particularly in becoming activated and empowered in the management of
sustainable healthy lifestyle behaviors.

A Case for Patient Empowerment— The Sustainability
of Healthy Behavior

Although progress has been made through the use of patient portal
technologies and ad hoc interventions to increase health literacy,”” there
is an imperative need to enhance our views on HLM. To do so, we argue
that there is a need to move toward patient empowerment as a sociopsy-
chological construct, with mHealth as a powerful influencer of health
behavior.”* We argue that consumer health technologies, such as
mHealth, be increasingly leveraged to produce patient motivation that
leads to constructive health actions. That is to say, a life-long healthy life-
style can only be achieved through perpetual engagement, leading to
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sustainable healthy behavior. Such long-lasting empowerment can then
directly impact one’s daily lifestyle with regard to food choices and nutri-
tion, regular exercise, cognitive and behavioral therapy (if needed), and
overall health management and planning.

For example, research continues to show the strong correlation
between chronic diseases and depressive disorders. Reports predict that
by 2020, “depression is expected to be second only to heart disease as a
source of the global burden of disease.”” As such, acknowledging their
relationship is important to providing quality healthy lifestyle manage-
ment care. In sum, patient engagement requires the support of providers
and healthcare organizations to: first, understand the personal needs,
complexities, and contextual factors that affect a patient’s health
choices”’°—and second, a vision and commitment to applying mHealth as
an essential tool in patients’ progress in achieving their holistic goals of
healthy lifestyle practices.

Engagement

Although patient engagement is widely recognized as one of several fac-
tors for successful population health management, research outcomes have
been limited and inconsistent®’+*® (Pray et al,, 2013).98 Merriam-Webster
(2018)'"” defines, to “engage” (for engagement) as “holding one’s attention
and inducing one to participate.” Engagement in personal healthcare man-
agement may include activities such as reading, understanding, and acting
upon the health information received. This form of health literacy provides
the impetus for working more effectively with their primary care physician
in identifying appropriate HLM options. Such shared decision-making can
have considerable impact on the quantity and quality of care outcomes.””

Current measures of patient engagement have often shown to be sub-
jective, tapping into patient levels of satisfaction, and perception of deci-
sion-making, rather than the impact and outcomes of their participation.*’
Studies also suggest that barriers to productive engagement may be low
health literacy marked by a general lack of knowledge and understanding
of personal health. Conversely, research has demonstrated that patient-
centered communication and active engagement of patients and families
(in the process of planning and implementing change) are associated with
improved healthcare management, greater clinical effectiveness in pri-
mary care,’' and overall improvement of population health. Hence, it is
critical to support patient health engagement through credible and acces-
sible information, as well as families in their role as caregivers and moti-
vators of a healthy lifestyle.*”
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Sustainment

The ultimate goal of patient engagement is the sustainment of a living
that is centered on healthy choices throughout the life of an individual.
Sustainment is the long-term maintenance of health management behav-
jors.*? Research suggests that sustainment of healthy behaviors is neces-
sary for reducing costs and reaching desired health outcomes——both of
which influence patient experience.”**” Hence, given the challenges
around engagement, HLM has placed limited emphasis on the sustainabil-
ity of a healthy lifestyle. Nevertheless, the notion of sustainment is not a
new concept in the addiction literature. In such applications, it is key to
relapse prevention for smoking, drug, and alcohol use.”® Sustainment
refers to an ongoing effort on the part of the patient to make decisions
about their health, whether in service of maintaining a healthy lifestyle or
managing chronic illness. Current literature suggests that patients who
face day-to-day responsibilities of self-care may develop a deeper knowl-
edge about their condition,”’ which is needed to support an engaging and
sustainable healthy life.

Empowerment

The theory of empowerment, in the context of attaining key health
goals, suggests a need to leverage one’s personal and social-context of
resources. Empowerment might also include an awareness of the need to
participate in health care decisions.”® As noted, health literacy and knowl-
edge can be a factor at the core of empowerment. Researchers have exam-
ined the hand-in-hand relationship between knowledge and
empowerment.”’ This suggests that knowledge is a critical component to
empowering the patient to take an active role in healthcare decision-mak-
ing. If engagement refers to a patient’s active participation and sustain-
ment refers to the long-term maintenance of that participation—then,
empowerment should embody the necessary self-enabling that one must
acquire for a protracted life of health and wellness.

The primary contextual influencers of empowerment include: (1) per-
sonal motivation related to access to health information, health literacy,
and health preferences, (2) social support systems and online communi-
ties, and (3) environmental opportunities that enable patients to ask ques-
tions, acquire options, and make decisions. Potentially, all aspects of the
patient context can be directly impacted by mHealth. Given the aim of
mHealth to provide functions associated with information delivery, it is a
technical means for patients to more rigorously interact with online com-
munities and to collaborate with healthcare providers. Moreover, it is
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critical to understand how mHealth technologies can work effectively to
empower patients, especially as they age and increasingly need special-
ized care services.

Finally, we argue that patient empowerment is a prerequisite for
patient participation, activation, and sustainable healthy behaviors.
Patient activation can best be characterized as an incremental journey
that lasts a lifetime rather than as a binary condition—that is, when a
patient “is or is not” compliant. Activation occurs when a patient and
their care team have bidirectional communications regarding health needs
and a mutual agreement of health goals—both of which lead to collabora-
tion and participatory decision-making. Since health providers only have
intermittent interaction with patients, traditional models of care are not
sufficient to support patients in sustaining day-by-day healthy lifestyles.

The mHealthy Lifestyle Management (MLM) Model— An
Integrated Approach

When addressing MLM, researchers often speak about the behaviors
associated with these activities.”’ However, behaviors are just the
outward observable actions taken within the world. What is critical is the
cognitive processes that take place in the thinking of those who seek to
improve their health.”' Even with appropriate reasoning, patients
often struggle with the necessary motivation to arrive at their desired
behaviors. The field of psychology has long recognized that examining
outward behavior is insufficient for understanding human decision
making—and thus, offers a valuable perspective on engagement and
sustainable behaviors.

At the core of human factor psychology, researchers recognize that
complex systems are comprised not only of the individual, but the context
(or environment) in which the individual’s work takes place.51 Histori-
cally, healthcare human factor psychology has focused on the cognition
and/or behavior of providers. More recently, however, researchers have
extended their interests to include the patient as an active participant in
the healthcare system.”””” As such, a “systems perspective” highlights
the context in which an interrelationship exists between patient cognition
and patient behaviors.”*”* By understanding cognition, context, and the
reasons why patients become engaged and/or motivated in healthy life-
style activities, we can receive considerable insight into the barriers they
face in sustaining such practices.

Lippa, Klein, and Shalin (2008)”° highlight the need for understanding
patient cognition when examining and attempting to influence behaviors.
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They found that those with poorly controlled glucose struggle with self-
management behaviors, stating that failure to achieve such control
appeared to “stem not from lack of motivation or intelligence, but rather
from insufficient understanding of self-care.” For example, they note that
“participants did not understand the role of exercise in glucose control
and therefore were unmotivated to increase their level of exercise” (p
85). They later argue that these patients exemplify three trends found in
the cognition of poorly controlled self-managers: (1) “oversimplification
of rules (ie, bread is bad; vegetables are good), (2) poor understanding of
the purpose of recommended self-care, and (3) little understanding of the
functional dynamics of glucose control” (p 85). This study emphasizes
the need to capture patient cognition (in this case, comprehension of their
disease) to understand behavior.

Our multidisciplinary approach to addressing this complex problem
space of patient and provider collaborative work includes the merging of
two perspectives. Below, we present two models from the domains of (1)
healthcare information technology and (2) healthcare human factors—
from which we construct an integrated framework.

The Healthcare Information and Management Systems
Society (HIMSS) Patient Engagement Framework

The Patient Engagement Framework, proposed by the National
eHealth Collaborative and HIMSS,” depicts the patient journey across a
five-step eTools continuum of engagement related to the meaningful use
of eHealth (see Fig 1). The process begins with the lowest level of
engagement (Inform Me) through receiving information, and ends with
the final destination of healthcare providers supporting e-communities
(Support My eCommunity). From the most basic forms of patient educa-
tion, to engaging patients to employ positive healthy lifestyle behaviors
that require specific actions, to self-care functions that enable the patient
to both monitor and manage their health, to empowering patients to col-
laborate with a variety of healthcare providers that are invested in their
personal health choices.

The theoretical underpinning of the HIMSS framework holds that a
successful healthcare system is the effective engagement of the patient in
their healthcare. Strengths of the model include its progressive step-by-
step layering of support that leverages a diversity of HIT and a range of
human and health systems. What the framework overlooks, however, are
contextual influences and the nonlinear nature of one’s progress as a
HLM patient. Such factors have an impact on successfully progressing
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through the model. In other words, multiple environmental factors can
affect patient progress, which are not addressed in the HIMSS framework.
To bring the model more in-line with the real-world patient experience,
we sought out the Systems Engineering Initiative for Patient Safety 2.0
(SEIPS 2.0) model, first proposed by Holden and colleagues.”

Even 3 years after the release of the HIMSS Patient Engagement
Framework, many healthcare organizations are not far beyond the first
stage of “Inform Me.” According to a recent report, KLAS Patient
Engagement 2016,°° the organization’s effort to engage patients has not
yet significantly impacted patient health. Instead, many organizations are
still focused primarily on meeting administrative goals (eg, government
regulations, staff efficiency, etc.) rather than empowering patients with a
range of available eTools that can improve health outcomes. Patient por-
tal technology has been adopted by 94% of the participants in the KLLAS
study, but only 17% reported that such portals have had a significant
impact on patient health.

The Role of Systems Engineering in Patient Safety

Cognitive systems engineering (CSE) °' and human factors have a tra-
dition of studying system complexity by putting humans at the center of
the environment, which is often marked by technology, people, and work
(or human activity). Examples of theories, principles, and practices
include situated action,’’ naturalistic decision making,’® distributed cog-
nition,”” and others. Suchman, in presenting her theory of situated action,
notes that the physical and social aspects of the environment shape human
activities. She was specifically concerned with dynamic environments
that include human—technology interaction—Ilaying the groundwork for
subsequent work in complex systems. One such model is SEIPS 2.0,
which is in line with the CSE tradition. (For graphic, see N764JMILLER
(2015).)

SEIPS 2.0 identifies both the patient and healthcare providers as cen-
tral in the work system. SEIPS 2.0 was specifically designed to account
for patient engagement in consumer HIT and introduces the concept of
patient activities or “work.” The model recognizes three types of work
processes: (1) professional work, in which patients and families are not
actively involved, (2) patient work, in which healthcare professionals are
not actively involved, and (3) collaborative patient—professional work.
Collaborative work represents activities in which professionals and non-
professionals work together. In addition, by representing a feedback loop,
SEIPS 2.0 suggests that processes and performance within the system are
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not linear. As a validated human factor model for healthcare, SEIPS 2.0
has been embraced by both patient safety administrators and educa-
tors."” ®’ The model has also been useful in analyzing cases of medical
error or harm and to identify contributing factors from the seven system
categories: organization and management, work environment, team, task,
individual, patient, and external environment.

SEIPS 2.0 is based on evolving healthcare trends that account for
patient engagement in consumer health IT. The system structure was
modified to identify, among other things, both patients and healthcare
professionals as key agents in the work system. SEIPS 2.0 has three foci:
(1) Systems Oriented—human (health) performance outcomes are the
result of interaction with the sociotechnical system in which the person
lives, (2) Human-Centered—both individuals and groups of people are
central in a healthcare work system, and as such, efforts must be taken to
support people throughout the work system design process that best fits
their capabilities, limitations, performance needs, and other characteris-
tics, and (3) Design-Driven—human-centered design (and improvements)
of activity structures and processes, when grounded in validated human
factors science and practice, can improve patient, provider, and organiza-
tional outcomes. Also, the notion of leveraging one’s personal resources
is also consistent with how empowerment is defined by the Systems Engi-
neering Initiative for Patient Safety (SEIPS) model,’* particularly regard-
ing the influence of internal and external forces on human behavior."’

Despite the existence of many effective methods to design mHealth for
patient, professional, or patient—professional work, the implementation
of these methods is challenging. Specifically, patient-reported informa-
tion may be a function of health literacy and patient activities may be
emotionally laden, embarrassing, or difficult to self-report—making reli-
ability and validity a concern. They may occur frequently and/or on an ad
hoc basis (eg, an unplanned snack), in private places, and at all hours of
the day and night. Holden et al.”’ describe these and other challenges®’ as
well as mitigating strategies.®

The Integrated Model: mHealthy Lifestyle Management

We propose an integration of the SEIPS 2.0 and HIMSS models. At the
core of the Work System is the HIMSS framework, depicted by a spiral
(N764JMILLER (2015)). The persons and/or patients are the starting
point and center of human activity. All health-centric activities begin
here and continue around the spiral through each of the five HIMSS eTool
stations. As noted, the HIMSS framework includes five layers of
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increasing complexity, with linear processes that support iterative patient
engagement. At the same time, the HIMSS spiral is embedded within the
three SEIPS 2.0 sections, including—the Sociotechnical Environment
(outer circle) representing the work system (1), which moves into Perfor-
mance and Processes (2), and finally, to Collaborative Outcomes (3)—
with the option of utilizing the feedback loop for any necessary adapta-
tion of the process.

As outlined by Holden et al., and followed by our integrated model,
person(s) are central to the work system emphasizing that design must
support human activities.®’ Specifically, in patient-centered healthcare,
person(s) represent individual clinicians, patients, family caregivers, etc.,
as well as groups or teams of clinicians, family members, faith-based
communities, mental wellness counselors, etc.—all of whom do the
“work” of managing patient well-being, whether related to physical or
mental healthcare tasks.

In addition to person(s), we have reduced the Sociotechnical Environ-
ment (Work System-1) to four basic factors: (1) Health Tasks, include
human actions within the greater work process, regardless of their diffi-
culty, complexity, or range of variety. (2) Health Tools and/or Technolo-
gies are the artifacts that people use during their activities to assist in the
activity, for example, in the healthcare domain this would include health
information technologies, medical devices, mobile health applications,
including their design, usability, accessibility, automation, portability,
ubiquity, and functionality. (3) Health Organization(s) refers to external
entities and/or institutions that influence work schedules, staff manage-
ment and training, policies, and resource availability, community groups,
communication infrastructure, living arrangements, family roles and
responsibilities, interpersonal relationships, culture, social norms, and
rules. (4) Health Ecosystems include the internal environment, referring
to the physical environment: lighting, noise, temperature, physical spaces,
and air quality, and the social environments. Here, external environment
refers to the ecological and policy factors, as well as a number of external
forces that can impact performance outcomes.”

Given that SEIPS 2.0 is a framework that highlights system complexity
and HIMSS focuses on patient engagement (via mHealth), the two mod-
els are complementary, filling in the gaps for one another. As is summa-
rized in Table 1, we describe HIMSS as a model that addresses the
question of What?—based on its focus on technology as a vehicle for
patient engagement. We also label the SEIPS 2.0 model as How? and
Why?—as it focuses on processes (How?) and contextual features
(Why?). We present this comparison to illustrate the complementary
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TABLE 1. Contributions from HIMSS and SEIPS 2.0

Integrated models HIMSS SEIPS 2.0
What? How/Why?

1. Concrete, specific examples of “Work” X

2. Explicit definition of what is a process or outcome X

3. Person-centric X X

4. Complex sociotechnical system X

5. “Work” is continuous X

6. Technology-centric X

fashion in which the models integrate—further strengthening the argu-
ment that a multidisciplinary perspective is key to understanding complex
healthcare problem spaces, particularly for the aging and/or those with
chronic and mental health diseases.

Figure 2 illustrates the MLM model—feedback loop, which is an inte-
gration of the HIMSS and SEIPS 2.0 models. To align with the cyclical
nature of the HLM process, we used the (black and gray) spiral and circle
to visualize the HLM process, which augments the SEIPS 2.0 framework.
Also, we added the central form of the black spiral to signify the increas-
ing levels of patient sustained engagement, as described in the HIMSS
framework. MLM is the fusion of individual and system healthcare fac-
tors.

Using Table 2, we further explored the convergence of the HIMSS and
SEIPS models by overlaying, comparing, and identifying their relation to
meaningful use—specifically to mHealth applications to professional
work, patient work, and collaborative work. Specifically, Table 2 depicts
how each of the five stages of HIMSS align with each “work type” of
SEIPS 2.0. That is, the table represents the HIMSS levels (along the verti-
cal) and mHealth examples with healthcare professional, patient, and col-
laborative work (along the horizontal). Evident from this representation
is the role of the patient (as consumer) at each of the five levels.

Applying the mHealthy Lifestyle Management Model

Contextualizing the Design of mHealth for the BBG
Consumer

Despite the prevalence of mHealth consumer technology, mobile
health designers continue to struggle to recognize their target audience.

In part, this is due to challenges that researchers face in grasping the com-
plexity of user needs and requirements from a human factors
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TABLE 2. lllustrates the relationship between the HIMSS stages with the three types of work of the SEIPS 2.0 model

HIMSS Applying mHealth to empower BBG

patients
5 Levels of meaningful use

SEIPS 2.0

Professional work

Patient work

Collaborative work

1 INFORMMe Condition-specific Education—such

as prescribed delivery of: (a)
Treatment, (b) medication, (c)
healthcare coverage, (d)
wellness clinics, etc.

} Inform and Attract

2 ENGAGE Me Patient specific education—such
as care instructions, med

reminders preventative services,

follow-up appointments: (1)
eHealth tools® that engage

patients by tracking fitness, food

consumption, pregnancy,
healthy life style practices,
sharing of progress and health

milestones on social media. (2)
Other engagement opportunities
might include: online forms like

patient profiles, schedule a
clinic, refill a prescription,
appointment reminders and
medication follow-up, and
access to view and download
EHR.”

None (if delivered thru IT)

None (if delivered thru IT)

Receiving general
information

Receiving patient-specific
information

None

None

(continued on next page)
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TABLE 2 (Continued)

HIMSS Applying mHealth to empower BBG  SEIPS 2.0
patients

5 Levels of meaningful use Professional work

Patient work

Collaborative work

J Retain, Interact, and Attract

3 EMPOWER Me Patient-generated health data— Receiving patient-
such as symptom assessments, generated information
care experience, and self-
managing diaries: (1) eHealth
tools that empower patients by
means of transmitting patient
records, providing eTools to
integrate the EHR with patient
PHR,° rating their providers,
hospitals and other healthcare
organizations and accessing
quality and/or safety reports on
other providers and/or
organizations, (2) eHealth tools
that empower patients by
generating health data that can
be uploaded into the EHR,
including: care experience,
symptom assessments, self-
management diaries, etc., and
interoperably integrating with a
health information exchange.

Generating information

Discussion of healthcare

options

(continued on next page)
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TABLE 2 (Continued)

HIMSS Applying mHealth to empower BBG  SEIPS 2.0

patients
5 Levels of meaningful use Professional work Patient work

Collaborative work

} Create Synergy and Extend Reach

4 PARTNER with Me Shared decision-making—such as  Providing options, listening, Asking questions, voicing
preference-sensitive care and selecting options concerns, selecting
informed choice and/or consent: option

eHealth tools that provide
patients the ability to partner
and collaborate with providers
to: (1) Obtain: (a) wellness and
advance care planning, (b)
patient-specific predictive
models and/or indicators, (c)
EHR clinical trial records, (2)
Generate: (a) shared decision
making related to sensitive care,
(b) adherence reporting of
medications, self-care, and
wellness, (¢) Home monitoring
devices and tele-medicine, (d)
directives regarding physician
orders for life-sustaining
treatment, (3) Integrate: (a)
clinical trial records and (b)
public health reporting.

Collaborative decision
making

(continued on next page)



TABLE 2 (Continued)

HIMSS Applying mHealth to empower BBG  SEIPS 2.0
patients
5 Levels of meaningful use Professional work Patient work Collaborative work

J Inform and Attract
5 SUPPORT E-community support—such as [Yes] [No] [?]

My e-Community eTools and e-visits that provide
support: (1) care comparisons
(costs and/or quality) of
providers, treatments, and
medications, (2) e-visits and
eTools, (3) patient access and/
or use of published record and
distribution of record among
care team, (4) care team-
generated data related to shared
care plans and team outcomes,
and (5) Collaborative care such
as Chiropractic, alternative
medicine, dentistry, and home
care, and (6) off and/or online
community support forums and
resources for all care team
members, including caregivers,
clergy, family and/or friends, and
counseling services.

6T0C ¥sngny ‘|olpied |goid LnD

* eHealth tools refer to a combination of online and mobile apps and devices that support individuals, families, and communities in healthcare.

°  Electronic health records (EHRs) focus on the total health of the patient—going beyond standard clinical data collected and contained in the Electronic Medical Record in the provider’s office. EHRs are
also designed to share information with other health care providers and specialists. As such, they contain information from all the clinicians involved in the patient’s care (Garrett, 2011)”*

N ¢ Personal health record (PHR) is a record of health data related to the care of a patient that is maintained by the patient, including an individual’s medical history, patient-reported outcome data, lab results,
g' data from devices such as wireless electronic weighing scales or collected passively from a smartphone.'”!



perspective.”>®” Although developers of HIT are increasingly giving
more attention to a human-centered design approach, there is still a need
to improve their understanding of mHealth experience design.’’ The lack
is also due to a deficient vision of personalized mHealth products that can
support sustainable healthy lifestyle choices.”"

To counter these challenges, there has been considerable research in
the area of design and evaluation of complex sociotechnical systems
across domains. For example, early applications of human factor design
practices have been applied to autonomous aerial vehicles’” and neonatal
intensive care unit space design * strongly highlights their benefits. As
noted, CSE is a system-thinking set of human factor methods concerned
with understanding how experts make decisions in complex environments
to inform human-centered solutions.”* In addition, with the focus on
patient-centered-care, the patient is no longer a passive agent, but an
active participant in medical decision making.”” In sum, the MLM model
was developed to conform to complex healthcare environments, in which
decision making takes place, including understanding consumer health
needs, contexts of use, and the impact of patient daily activities.

Meet Sam—Applying MIM to a Day-in-the-Life of a Baby-

Boomer

To illustrate the healthcare needs of an aging baby-boomer, we present
a scenario of what might be a typical patient—Sam, whose concept of a
healthy life is about to change. Sam is a third-generation male who lives
in Chicago. Sam is 66 and rather old fashion when it comes to technol-
ogy. He only recently purchased a smartphone because of the urging of
his wife—and especially his daughter, who is away at college and wants
to communicate with her dad via texting.

Regarding his health, Sam is well overweight, with a body-mass-index
at almost 30, with slightly elevated blood pressure. He has been repeat-
edly warned by his doctor that unless he begins to exercise and modify
his daily food choices, he may need to begin blood pressure medication.
Equally problematic is that Sam is now in a pre-type 2 diabetes stage due
to his lack of dietary management. Lastly, because of a prior work-related
head injury, he has a slight cognitive disability related to memory. In all,
between his general health condition and his cognitive disability, Sam
experiences mild depression. Thus far, Sam has been able to manage
without antidepressant medications. At the same time, however, Sam has
noticed, over the last 2 years, that his memory is worse and his bouts with
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depression are more frequent. This has left him wondering what he can do
to improve his overall physical and mental health.

For Sam, like many BBGs, there are other challenges related to the on-
going conflict between his desire to achieve a sustainable healthy lifestyle
and those external forces that breakdown his ability to achieve measur-
able progress. In his struggle to make proper lifestyle choices, he has
slowly come to understand that there are three external unhealthy lifestyle
enablers that he must overcome: (1) Influencers: those around Sam that
unknowingly and unintentionally (negatively) influence him because of
their sedentary lifestyle and or poor food choices, (2) Manufacturers:
food corporations who bombard Sam everyday with enticing low quality
food ads through TV and Internet commercials, and (3) Distributors: gro-
cery stores that offer Sam an abundance of processed food choices as he
casually strolls down the food aisle. Unfortunately, Sam is one of millions
of BBGs who face these common daily obstacles. For some, they have lit-
tle effect, but for others (like Sam), they contribute to an ongoing battle to
maximize healthy lifestyle choices.

For this reason, BBG consumers need a vision, a support team, and the
necessary tools that will enable them to achieve their health goals. Such
support is intended to guide and empower them toward sustainable
actions that lead to healthy lifestyle practices and disease management.
Sam’s physician has recommended that he meets with a HLM coach. In
so doing, their first meeting focuses on a review of the MLM framework
and how it will inform Sam as they work toward the goal of sustainable
healthy behaviors.

Also, Sam’s HLM provider (or health coach) has a deep knowledge of
the principles and practices of HLM adherence and ways to measure,
including maintaining behavior change, such as initiating and sustaining
exercise (Stonerock and Blumenthal, 2017).”)0 In Sam’s case, his health
coach applied the work of Miller and Rollnick,”® who highlight an effec-
tive counseling approach that uses a motivational technique called
“motivational interviewing.” This health counseling method is a patient-
centered conversational approach to behavior change that focuses on pro-
vider—patient collaboration and patient ownership of “motivation for
change.” Miller and Rollnick encourage providers and HLM counselors
to avoid viewing people with “addictions as disturbed, dishonest, or illog-
ical actors,” who are “uninformed or already motivated.” Rather, they
suggest that health counselors recognize and promote patient autonomy,
while attempting to understand their behavioral choices. By adhering to a
patient-centered systematic strategy that engages patients in behavior
change, providers will avoid alienating the patient, decrease resistance,
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TABLE 3. Briefly outlines the four important factors that Sam’s HLM coach reviewed

Topics of HLM learning Focused HLM benefits for Sam the baby boomer

Provider education Encourages Sam to participate in a culture of shared information
and decision-making with his HLM coach. This includes the
coach’s responsibility to hear Sam’s needs and health goals.

Patient education Provides Sam access to credible information and formalizes
the patient role as a partner and in shared decision-making.
e-visits and eTools Prepares Sam with the knowledge to incorporate mHealth

technologies (appropriately design mobile apps) into his
healthy behavior routines.
Patient-generated Facilitates the professional care team (including Sam) to accept
data patient-generated data as valid for care planning (ie, glucometer
or patient reported problems and/or symptoms).

with the positive outcome of making healthy behavior change more
likely.

During Sam’s first meeting with his HLM coach, they focused on
four important factors related to understanding health management
(see Table 3).

From their first meeting, Sam learned about several important concerns
related to his personal health condition, while increasing his health liter-
acy and management around these conditions. He also learned how to uti-
lize personalized healthcare services to communicate his needs and
preferences, while understanding his options for prevention, medication,
and intervention—and the risks associated with each. With the help of his
health coach and the MLM framework, Sam adopted new technologies
that allow him to monitor and manage his existing chronic conditions.
For example, Sam’s coach asked him to download two mobile apps. The
first will help Sam monitor his exercise, food choices, and weight. The
second will help monitor and manage low moods and anxiety by discov-
ering new and better ways of coping.

In sum, these technologies will support Sam with (1) medication
reminders, (2) patient-generated data (that is delivered to the care team),
and (3) real-time data on health conditions (that is delivered to both
patients and providers). These factors are grounded in a collaborative
effort that includes patients, professional care teams, and community par-
ticipants. As a BBG health consumer, Sam has taken his first steps to
apply self-care HLM as a means to extend the quality of life into his 80s,
and perhaps 90s. From Sam’s first several meetings with his HLM coach,
he continues to express an excitement, expectation, and receptiveness to
innovative approaches that can empower him to maintain health and man-
age chronic conditions.
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Discussion

Recommendations for Moving Healthy Lifestyle
Management Forward

Two questions that best frame current HLM challenges to empow-
ering BBGs to live a healthy lifestyle address the matters of patient
adoption of mHealth solutions and empowering patients with collabo-
rative-centered work.

Why Do We Need to Understand the Target BBG Patient for the Effective
Adoption of mHealth?

Although technology diffusion is advancing among BBGs, barriers
continue to exist related to mHealth options with which they have limited
knowledge and motivational issues. For example, Roque and Boot’’ warn
of many older adults, particularly those with a low socioeconomic status
and cognitive disabilities—who have adopted the use of PCs and smart-
phones at a much lower rate than the adult population.”® At the same
time, however, they argue that with adequate training, technology
acceptance can reduce frustration and increase ease of use. On the other
hand, research has demonstrated that senior adults with mental illness
(and limited technical abilities) were successfully able to adapt to the use
of a tailored self-management smartphone intervention’’—while a com-
prehensive study (2079 records) demonstrated that mHealth (tablets and/
or smartphones) was viable and reliable tool for senior patients with men-
tal and cognitive disorders. The researchers argued that none of the par-
ticipants (in any of the studies) had difficulties using the technologies
noted. In sum, mHealth should be personalized, as it is not a one-size-fits-
all solution. Previous work on patient experience recognizes that health
teams should meet the patient where they are.”” This means that it is
imperative that we understand the BBG’s pathology relative to the con-
textual features and constraints of their health in order to design a person-
alized mHealth solution.

A key to success with the BBG population is increasing their expe-
rience in using mHealth solutions and addressing their perceptions on
security and appropriateness of mHealth. Once they adopt, they tend
to be reliable users of this technology.”' For example, adoption of
mHealth solutions among older BBGs may include a range of techni-
cal challenges, for example, semantic interoperability between dispa-
rate devices, scalability in linking healthcare providers to end-users,
universal availability, management and ownership of medical and
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health data, and determining who is managing all the patient person-
alized data and/or information (Kruse et al., 2017).” Important to
note is that the oldest among BBGs have not adopted the social
media support tools that younger age BBGs embrace.”’ To encourage
adoption of interactive mHealth solutions, providers and health care
teams must educate their patients on the technology and how to lever-
age its power to support behavior change.

Finally, although attitudes toward adoption of smartphones (and
other key mHealth tools) are shifting, providers must extol their vir-
tues and benefits for supporting healthy lifestyle change. This can be
done by providing success stories of past mHealth users. For exam-
ple, in a study to assess the effects of a mobile coaching system on
glycated hemoglobin (HbAlc), findings significantly demonstrated
that the intervention resulted in greater 12-month declines in HbAlc,
compared with the usual care of patients 55 years of age or older.
These results provide an example of how mHealth can effectively
support individualized treatment and patient—provider communication
for older adults.®

What Approaches Should Be Used to Achieve BBG Empowerment and Life-Long
Sustainable HLM ?

Patients cannot fully achieve healthy lifestyle decision-making (espe-
cially in the context of disease management) without a collaborative rela-
tionship with a provider and/or HLM coach. That is, in a patient-centered
world, the provider is part of the “context” in which the patient conducts
“patient work.” Also, traditional research focuses on provider work.
However, in recent years, there has been an intense focus on patient work
and human activity. As such, there is a growing need for researchers and
clinicians to incorporate their findings into the greater knowledge about
HLM, particularly the need for collaborative work that can significantly
contribute to patient empowerment.””

For example, the domain of addiction research has historically recog-
nized that collaborative work and sustainment is central to recovery.®' It
is important to leverage such preexisting evidence to progress in the use
of mHealth technologies. Also, to support a more patient-centered sys-
tem, the domain of human factors takes into account two factors in
healthcare: (1) the target audience and the context for designing solutions
that address barriers and limitations, and (2) the importance of facilitating
collaborative patient—provider work.”* This approach should be extended
and applied to HLM—thereby empowering BBGs to more effectively
achieve healthy lifestyle goals.
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BBG Expectations— The Future of the Care Continuum

Ongoing advances in mHealth and healthcare services will eventually
impact the BBG’s quest to extend their lives, both in years and quality. In
part, these advances in tools, systems, and services are related to three
“access” factors—all of which are evolving.

Anywhere Healthcare

BBG seekers of advanced medicine will demand health services (via
remote technologies) that are ubiquitous, affordable, personalized,
intelligent, and easily accessible. Such technologies will include virtual
eHealth, such as telehealth. Such technology will extend the point of
care and virtual diagnostics via remote monitoring. Also, mHealth sup-
ports smartphone plug-ins, direct wireless uploads to patient EHRs,
and wearable and ingestible remote sensor monitoring. Additional
mHealth support may also include the proliferation of healthy lifestyle
mobile apps, as well as attachments that replace traditional checkups
and self-tracking used by insurance providers to reward healthy life-
styles® (IMS Institute, 2015).>”

Transparent, Intelligent, and Evidenced-Based Medicine

BBGs, as consumers of mHealth, will expect timely, free, and open
access to (all) personal health data that is longitudinal and aggregated
across a ubiquitous care-continuum of multiple healthcare institutions
and providers. The OpenNotes movement formally began in 2010, with
an exploratory study at Beth Isracl Deaconess Medical Center (Boston),
Geisinger Health System (Pennsylvania), and Seattle’s Harborview Medi-
cal Center.*” The study included 105 primary care doctors who invited
20,000 of their patients to read their notes via secure online portals. Their
findings suggest that the clinicians had limited workload increases, while
the patients gave overwhelmingly approval of the practice of sharing all
the notes in their personalized record. The findings demonstrate that very
few of the patients were either worried about or confused about what they
read. Rather, full disclosure provided helpful insight, and a feeling of
being more in controlling their health and healthcare. By 2017, there are
more than 20 million patients in the United States who have full
access to their personal health records and notes, in approximately 20
health systems. BBGs should understand that this implementation and
practice is rapidly accelerating, while having a transformative effect on
patient—provider relationships and collaboration.

Expectations will also include intelligent systems that support data-
driven evidenced-based decisions and recommendations, which can be
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corroborated by their personal physician.** Both patients and HLM
seekers will expect mHealth that provides automated (big) data analytics
through smart and accessible health services that improve cost-effective-
ness and customer service. For example, the electronic health information
exchange might provide patient access to their own health information—
including the ability to capture and aggregate multiple sources of clinical
data for performance measurement.®"%

Finally, BBGs will increasingly expect tools that expand their popula-
tion health insights through a “precision medicine” platform that predicts
more accurately a personalized treatment and prevention strategy for a
particular disease, rather than for the average person. It is “precise”
because it is powered by patient data.”’*®

Coordinated Collaboration Care

The average BBG healthcare consumer will increasingly expect access
to complex healthcare ecosystems that provide greater coordination and
consistency between various providers and services. This includes com-
munication with personal computing and mobile systems in and/or during
general patient care. This also includes health solutions that they can inte-
grate into a normal HLM plan89 (Arena, Lavie, Cahalin, et al, 2016).92
Paired with coordinated healthcare, collaboration will be essential for
quality of care and mHealth innovation that seeks to overcome existing
healthcare (services) fragmentation and communication breakdown. In
sum, mHealth innovation will help to link a range of healthcare special-
ists, general practitioners, and healthcare systems.”’

Conclusion

In this paper, we propose the notion that mHealth can support the
patient, provider, and collaborative work necessary to sustain the healthy
behaviors of the baby-boomer generation. We also highlighted the need
for a more thorough understanding of the “work” conducted by patients
and providers, individually and collaboratively. The work and their rela-
tionships constitute a multidisciplinary perspective to study both behavior
and cognition in support of BBG MLM. However, more research is
needed to understand how to tailor mobile technologies to be more read-
ily adopted by BBGs and used to sustain healthy lifestyle practices that
can truly empower the older generation.”’

While it appears that some technologies may be rejected by BBGs,
providers, care teams, and health coaches should educate and promote
such tools. By first identifying one’s healthy lifestyle goals, it is possible
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to target mHealth technologies for any particular user group. However, as
argued above, existing healthcare services do not account for patient deci-
sion-making, context, and the nonlinear aspects of human life. To lever-
age mHealth tools, new MLM models must be relevant to BBG needs,
roles, and contexts of normal daily use.” Such a framework (as illustrated
above) will offer insight about how mHealth technologies can support
collaboration between the patient and the care team.

Finally, for patient-centered work in the public health sectors to prog-
ress, strategic planning must include collaborative efforts that contribute
to sustained patient health. To achieve significant advancements, pro-
viders should move beyond mere informing to MLM coaching that lever-
ages the benefits of mobile technology or other eHealth systems. With
assistance from the MLM model proposed, a roadmap to assist providers
and healthcare teams can become more successful in empowering BBG
patients as they navigate the challenges of life—and in their quest to
achieve a long and healthy lifestyle.
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The importance of a healthy lifestyle for managing chronic diseases has been
emphasize more and more in the environment of today. This approach empow-
ers patients to adopt and sustain healthy lifestyle choices utilizing innovative
technologies, such as, beneficial ways of delivering health literacy, self-moni-
toring and patient-provider collaboration Several perspectives can be drawn
from this interesting manuscript

First, the utilization of mHealth can support the patient, provider and collabora-
tive work necessary to sustain the healthy behaviors of the baby-boomer gen-
eration. Second, it is important to point out that more research is needed to
understand how to tailor mobile technologies by the baby boomer generation
that could be used to sustain healthy lifestyle practices.

Third, although it is possible that some mobile technologies may be rejected by
baby boomer generation, however, providers, care teams and health coaches
should educate and promote such tools. mHealth tools, can use new mHealthy
Lifestyle Management models that can be relevant to the baby boomer gener-
ation needs, roles, and contexts of normal daily use.

Finally, for patient-centered work in the public health sectors to progress, stra-
tegic planning must include collaborative efforts that contribute to sustained
patient health. To achieve sustained patient health, providers should move not
only informing, but also to mHealthy Lifestyle Management coaching that pro-
vides the benefits of mobile technology or other eHealth systems. The mHeal-
thy Lifestyle Management model proposed by the authors, will provide a
roadmap to assist providers and healthcare teams to become more successful
in empowering patients to achieve a long and healthy lifestyle.

| want to thank the authors for a very interesting and provocative manuscript
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