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ABSTRACT
Optimizing the Collection and Use of Patient-Generated Health Data

Meghan Reading

This dissertation aims to examine the collection and use of digital patient-generated
health data (PGHD) in real-world settings, including existing barriers from the perspectives of
patients and healthcare providers, and possible approaches to optimizing the process. In Chapter
One, the potential of PGHD to improve health and wellness, particularly for individuals with
chronic conditions, as well as known barriers to PGHD collection and use, are described. One
chronic condition in particular, atrial fibrillation (AF), is then introduced as a use case for
PGHD. Chapter Two contains an integrative review synthesizing findings from eleven studies
reporting patients’ and providers’ needs when collecting and using PGHD, and identifying
convergence and divergence between needs. Chapter Three contains a quantitative evaluation of
sustained engagement, currently a major barrier to collection of PGHD, in a group of adults self-
monitoring AF, as well as predictors and moderators of engagement that come from an adapted
version of the Unified Theory of Acceptance and Use of Technology (UTAUT). These
individuals were previously enrolled in the randomized, controlled trial, the iPhone® Helping
Evaluate Atrial Fibrillation Rhythm through Technology (iIHEART). In Chapter Four, the
adapted UTAUT model is explored in more detail through a qualitative investigation of sustained
engagement with patients, healthcare providers, and research coordinators involved in the
IHEART trial. Chapter Five summarizes the findings of this dissertation, including strengths and
limitations, and elicits implications for the intersection of health policy and clinical practice,

design, nursing, and future research from the findings.
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Chapter One: Introduction

Chapter one outlines the organization and background of this dissertation. It begins by
describing the public health burden of chronic disease in the United States and the potential for
patient-generated health data (PGHD) to improve management of chronic disease. Barriers to
collecting and using PGHD in practice are then discussed, with a focus on engagement with
mobile health (mHealth) technologies used to collect PGHD. Subsequently, one chronic disease
in particular, atrial fibrillation (AF), is highlighted as a use case for PGHD. Then, the theoretical
model utilized in this research will be described. Finally, the plan for three separate manuscripts
and their respective aims that comprise this dissertation will be summarized. The first manuscript
(Chapter Two) was published in the Journal of the American Medical Informatics Association.
The second manuscript (Chapter Three) is planned for submission to the Journal of
Cardiovascular Nursing. The third manuscript (Chapter Four) is currently under review at
Applied Clinical Informatics. Together these papers report on PGHD collection and use in real-
world settings and reveal possible design options for optimizing the process, especially with
regards to sustained patient engagement.

Chronic Disease Burden in the United States

Chronic diseases are the most common and costly of all health problems. There are 150
million individuals living with at least one chronic disease in the United States (U.S.), and more
than 100 million have more than one (Buttorff, 2017). These individuals account for 90% of all
healthcare spending in the U.S. (Buttorff, 2017; CDC, 2016). An estimated seven out of ten
deaths are caused by chronic disease (CDC, 2016). Furthermore, the number of adults with
multiple chronic diseases is increasing, and the more chronic diseases an individual has, the more

frequent and costly their care is (Buttorff, 2017). Adults 65 years of age and older are



disproportionally affected by chronic diseases with prevalence rates greater than 80% in this
population. In addition, chronic diseases are more common among non-Hispanic whites (63%
prevalence) and non-Hispanic blacks (58% prevalence) than among Hispanics and other
race/ethnic groups (Buttorff, 2017). However metabolic syndrome, a cluster of conditions that
increases the risk of chronic conditions including heart disease, stroke, and diabetes, is higher in
Hispanics (Heiss et al., 2014).

Chronic diseases may last for years or even decades of a person’s life. An individual’s
daily decisions regarding diet, physical activity, medication adherence, and other behaviors all
impact the long-term trajectory of a chronic disease (CDC, 2016; Milani, Bober, & Lavie, 2016).
Self-monitoring is a critical component of effective chronic disease self-management because it
allows changes in health status to be addressed in a timely manner, thereby reducing the risk of
hospitalization, complications, and in some cases, death (Lasorsa et al., 2016; Milani et al.,
2016). In fact, currently many evidence-based guidelines for specific chronic diseases recognize
self-monitoring as an important component of disease management (CDC, 2016; January et al.,
2014; Lasorsa et al., 2016). Effective self-monitoring requires real-time data on health status and
behaviors, and ongoing health professional facilitation of the patient as they self-monitor (Milani
et al., 2016; Shaw, Bonnet, Modarai, George, & Shahsahebi, 2015).

However the healthcare structure in the U.S. only affords individuals with chronic
diseases periodic visits with healthcare providers that leave little to no time for self-monitoring
data to be reviewed (Gee, Greenwood, Paterniti, Ward, & Miller, 2015; Milani et al., 2016).
Additional barriers to self-monitoring are limited health literacy and inadequate communication
with providers (Bauer, Thielke, Katon, Unutzer, & Arean, 2014). There is a clear need for more

frequent and comprehensive support of individuals living with chronic diseases that addresses



these modifiable barriers (e.g., health literacy, communication) (Bauer et al., 2014). Furthermore,
there is a need for this care to be personalized due to the complex combinations of behavioral,
environmental, and biological factors that influence the trajectory of chronic diseases (Lavallee
etal., 2016).

Patient-Generated Health Data (PGHD)
The Promise of Patient-Generated Health Data (PGHD)

Mobile health (mHealth) technologies, which capitalize on the popularity, affordability,
and sophistication of smartphones and other mobile devices, are increasingly being recognized as
a tool that may improve management of chronic disease (Ali, Chew, & Yap, 2016; Bonoto et al.,
2017). In the U.S. 89% of adults report owning a smartphone and the average user checked their
smartphone 46 times per day in 2015 (Deloitte, 2015; Pew, 2017). In addition, smartphone use is
reportedly similar across socioeconomic groups and geographic locations (Garabedian, Ross-
Degnan, & Wharam, 2015). Thus, there is potential for individuals from diverse backgrounds
who may be medically underserved to benefit from mHealth technologies. Examples of mHealth
include health applications (apps), wearable devices, and other connected health monitors.

mHealth can be used to push health education, notifications, and data to patients
(Bhavnani, Narula, & Sengupta, 2016). Individuals can also use mHealth to digitally collect
health data about themself, creating what is known as patient-generated health data (PGHD).
This is longitudinal, high frequency health-related data recorded by a patient or caregiver outside
of clinical settings to address a health concern (Wood, Bennett, & Basch, 2015). Patient-reported
outcomes (PROs) are a structured form of PGHD (Howie, Hirsch, Locklear, & Abernethy,
2014). Self-monitoring and the generation of PGHD is not new but previously was limited to

paper-based documentation shared with providers at discrete time points. The increasing



availability of smartphones and mobile devices in recent years has allowed for self-monitoring
data to be continuously recorded, stored, and transmitted to healthcare providers digitally.

Digital PGHD has the potential to improve information exchange between patients and
providers, increase patient satisfaction, and enhance the provider’s overall understanding of the
patient (Arsoniadis et al., 2015; Lavallee et al., 2016). Moreover, patients report improved
understanding of their disease and factors that contribute to it because they are able to collect and
visualize their data more efficiently with digital technologies (A. E. Chung & Basch, 2015;
Howie et al., 2014). Though still in its nascent stages, there is already some evidence of PGHD
improving health outcomes. A recent systematic review of individuals with diabetes using
mHealth technology to self-manage, which included collecting and using digital PGHD, found a
significant improvement in hemoglobin Alc, a marker of diabetes control (Greenwood, Gee,
Fatkin, & Peeples, 2017).

In recognition of the value of digital PGHD, a series of recent policy efforts are
prioritizing the exchange of PGHD between patients and providers by way of the electronic
health record (EHR). In 2015, the Office of the National Coordinator of Health Information
Technology (ONC) began a ten-year project to develop a patient- and provider-centered policy
framework for sharing PGHD (HealthIT.gov, 2016). Patients may soon be able to view,
download, and transmit their health data to the EHR as part of Stage 3 of the Health Information
Technology Certification Criteria for Meaningful Use (MU3) and the Medicare Access and
Children's Health Insurance Program (CHIP) Reauthorization Act of 2015 (MACRA)
(HealthlT.gov, 2015). Additionally, the Precision Medicine Initiative has prioritized funding

projects that integrate new forms of health data, including PGHD, into the EHR (NIH, 2018).



Finally, in 2018 the Centers for Medicare and Medicaid Services (CMS) initiated changes to
healthcare provider reimbursement that incentivized review of PGHD (CMS, 2017a).
Challenges to Collecting and Using PGHD

Despite aligning efforts to support the collection and use of PGHD, barriers to
implementation in clinical practice remain. Differences in methods of measuring and collecting
data between patients generate concerns about data quality (Lavallee et al., 2016). Compliance
with privacy and confidentiality regulations of patient data (e.g., Health Insurance Portability and
Accountability Act, or HIPAA) is variable between mHealth apps and devices, and developers
may not fully understand or comply with these regulations (A. E. Chung & Basch, 2015).
Current clinical workflows are not designed to accommodate PGHD, and questions of
reimbursement, time, staffing, roles, and scope of practice have yet to be fully answered (Howie
et al., 2014). Furthermore, few institutions have successfully integrated PGHD into the EHR
(Kumar, Goren, Stark, Wall, & Longhurst, 2016; Lobelo et al., 2016). While a lack of EHR
integration limits the utility of PGHD in clinical settings, efforts to advance EHR integration are
complicated by interoperability requirements and concerns about data quality and security (A. E.
Chung & Basch, 2015; Kumar et al., 2016).

One major problem affecting the utility of PGHD is high rates of abandonment among
patients who are self-monitoring (ONC, 2016). Studies measuring self-monitoring over an
extended period of time show that many patients who are using mHealth to self-monitor
discontinue use within three to six months of initiation, suggesting that patients are not engaged
in the process for a sustained period of time (Coa & Patrick, 2016; Glasgow et al., 2011; Mattila
et al., 2013). The length of time that mHealth users must sustain engagement with the technology

is pre-specified depending on the ultimate goal of use (K. Anderson & Emmerton, 2015; Goyal



et al., 2016). For individuals living with one or more chronic diseases, the potential health
benefits of self-monitoring are unlikely to be immediate or obvious, but rather manifested in
long-term successes (e.g., improved overall wellness and reduced risk of complications)
(Chouvarda, Goulis, Lambrinoudaki, & Maglaveras, 2015; Milani et al., 2016).

Therefore longitudinal data collection for individuals with chronic diseases is often more
valuable than brief, discrete periods of monitoring, because trends and correlations between
factors that may affect chronic diseases over time can be uncovered (Kevin Anderson, Burford,
& Emmerton, 2016). However, longitudinal data collection is only possible if patients remain
engaged with self-monitoring for a sustained period of time. Furthermore, part of the promise of
PGHD is that both the provider and the patient collaboratively learn from their data about how
best to manage the disease. Therefore patient engagement with self-monitoring is a necessary
precursor for patients to be engaged in their care overall (Gee et al., 2015; Milani et al., 2016).
Finally, sustained engagement is arguably the most urgent of barriers to PGHD being utilized in
clinical practice because all other barriers are distal to sustained engagement; they rest on the
assumption that PGHD is being collected in the first place (ONC, 2016).

Little is known about personalized approaches to improve sustained engagement. Much
of the existing literature on user engagement focuses on strategies to improve initial uptake
rather than sustained engagement (Ford et al., 2015; Lasorsa et al., 2016). The few studies that
have examined sustained engagement have focused almost exclusively on mHealth features, such
as gamification and incentives, rather than intrinsic qualities of the user (King et al., 2013;
Shimada, Allison, Rosen, Feng, & Houston, 2016). These approaches have largely failed to
sustain user engagement. A promising alternative approach is focusing on individual user

characteristics that may predict sustained engagement. Previous studies have demonstrated that



individual characteristics, such as age and disease status, affect sustained engagement with
mHealth (Mattila et al., 2013; Muessig, Baltierra, Pike, LeGrand, & Hightow-Weidman, 2014;
Pavliscsak et al., 2016). This is supported by focus group findings suggesting that control over
mHealth features, context provided with health data, and data shared with healthcare providers
would improve sustained engagement (Horvath, Alemu, Danh, Baker, & Carrico, 2016;
Miyamoto, Henderson, Young, Pande, & Han, 2016). These reported factors demonstrate the
need for mHealth technologies to be personalized.

Because systems to collect and display PGHD are still evolving, now is the optimal time
to incorporate patient and provider feedback into iterative design processes (Peres, Pham, &
Phillips, 2013). Nurses in particular have a major opportunity in clinical and research settings to
help develop PGHD-integration systems and incorporate both the patient’s voice and provider’s
perspective into them (Hull, 2015). Two core areas of nursing informatics work are: (1) the
development of approaches for presenting and retrieving information, and (2) leading the
development, design, and implementation of health information technologies (AMIA, 2009). As
patient advocates, PGHD can be a tool for patient empowerment, and will be increasingly
importantly to all nurses.

AF as a Use Case for PGHD

The studies in Chapters Three and Four focus on one specific chronic condition, atrial
fibrillation (AF), as a use case for PGHD. AF is the most common cardiac arrhythmia
encountered in clinical practice, affecting between 2.7 and 6.1 million people in the U.S. (CDC,
2015). Prevalence estimates vary enormously due to difficulty detecting AF in “real world”
settings. Current approaches for detecting and managing AF typically include brief (24-72 hours)

electrocardiogram (ECG) monitoring and prescheduled health visits (Turakhia & Kaiser, 2016).



These approaches are inadequate given the sporadic, unpredictable nature of the arrhythmia, so
that AF often goes undetected and thus untreated (Olgun Kucuk, Kucuk, Yalcin, & Isilak, 2015;
Turakhia & Kaiser, 2016). Failure to detect and treat AF can lead to heart failure, myocardial
infarction, stroke, and death (Olgun Kucuk et al., 2015). As such, AF represents a major public
health problem, accounting for more than 750,000 hospitalizations, 130,000 deaths, and $6
billion in costs each year (CDC, 2015). Innovative methods that integrate real world approaches
and utilize advances in technology for monitoring and detecting AF in real time are needed to
facilitate timely treatment and prevent adverse cardiovascular outcomes, hospitalization, and
death.

Mobile health technology (mHealth) represents a major opportunity to assist AF patients
with self-management. Electrocardiogram (ECG) mHealth technology, such as the AliveCor™
device, allows individuals with AF to easily record and transmit an ECG to their healthcare
provider for review using a device that works with smartphones. Studies have demonstrated that
this technology can accurately detect and identify arrhythmias such as AF (McManus et al.,
2016; Steinhubl et al., 2016). The SEARCH-AF study found that use of this technology in
community settings was both cost-effective and feasible (Lowres et al., 2014). This indicates that
the technology is mature enough for real world integration in the community. ECG mHealth
technology has the potential to assist patients with AF through timely detection of AF episodes.
Timely detection is needed to restore normal sinus rhythm earlier, improve disease management
through medication and lifestyle adjustments, and reduce health risks of AF such as
hospitalization, stroke, or death (Olgun Kucuk et al., 2015; Steinhubl et al., 2016). For these
reasons, timely detection may also facilitate improved quality of life and reduced public health

burden of AF (Olgun Kucuk et al., 2015; Steinhubl et al., 2016). Furthermore, individuals with



AF perceive a need for ECG mHealth technology. In a recent survey, most individuals living
with a cardiac condition, such as AF, reported a need for technology-based support to increase
health knowledge, decrease travel and accessibility restraints, and better utilize peer support
(Disler RT, 2015).

Sustained engagement with self-monitoring via ECG mHealth technology is a critical
issue for individuals with AF. The goal of ECG mHealth technology is to better detect and treat
AF episodes in a timelier manner (Steinhubl et al., 2016; Turakhia & Kaiser, 2016). However AF
is spontaneous, unpredictable, and most likely to recur in the first six months after an
intervention to restore normal sinus rhythm (Heidenreich et al., 2016; January et al., 2014).
Therefore, users of ECG mHealth technology must sustain engagement for at least six months
after restoration of normal sinus rhythm for AF to be detected and treated in a timely manner
(Steinhubl et al., 2016). Furthermore, individuals living with AF are unique and differ from the
general population (Heidenreich et al., 2016). There is a need to understand the unique
characteristics of individuals with AF to improve understanding on sustained engagement in this
population. Understanding individual user characteristics that influence sustained engagement
will facilitate the development of personalized approaches to mHealth-based self-management.

The IHEART Trial

The iPhone® Helping Evaluate Atrial Fibrillation Rhythm through Technology trial
(IHEART) is a single-center, randomized, controlled trial (RCT) supported by the National
Institute of Nursing Research (NINR; ROINR014853). It is a five-year trial that began in 2014
(Hickey et al., 2016). Planned enrollment in the iIHEART trial is 300 individuals (to date all 300
have been enrolled) with a history of AF who have undergone an intervention to restore normal

sinus rhythm in the last 30 days. Inclusion criteria in the original iIHEART trial are English or



Spanish speaking, age 18 or older, and have a history of AF in the last 30 days for which
treatment successfully restored normal sinus rhythm. Exclusion criteria are documented
permanent or chronic AF, and patient found to be unstable or have other arrhythmias on day of
enrollment.

Participants are randomized 1:1 to receive usual cardiac care or usual care plus the
IHEART intervention for six months. Participants randomized to the iHEART intervention
receive an AliveCor™ Heart Monitor (Figure 1.1) and iPhone® (if they do not own one)
preloaded with the accompanying Kardia® application. They are asked to transmit ECGs at least
once daily using the technology for six months. Through a separate application, intervention arm
participants also receive personalized behavioral altering motivational (BAM) text messages
three times per week targeting their individual cardiac risk factors, but do not need to reply to

text messages.

Figure 1.1. AliveCor mobile ECG monitor and smartphone application

Data from the patient’s EHR and validated surveys is collected for six months. Validated

surveys inquire about quality of life, AF knowledge, symptoms, and experience using ECG

10



mHealth technology. Actual technology use is documented in the form of time-stamped, dated
ECGs recorded using the AliveCor™ device, and stored in a HIPPA-compliant, encrypted, and
secure AliveCor™ database. The primary endpoint of the iIHEART trial is detection of AF
recurrence. Secondary endpoints are treatment changes resulting from AF detection, changes in
survey scores, and improvement in clinical cardiac measurements (i.e., weight, blood pressure)
and AF knowledge from baseline to six months. As the iIHEART trial nears completion, there is a
need to determine the real-world utility of PGHD collected with the AliveCor™ device and
integrated in everyday clinical practice to improve outcomes.
Institutional Review Board Approval

This study obtained approval from the Institutional Review Board at Columbia
University Medical Center (CUMC, Protocol AAAO2555).

Theoretical Framework

Unified Theory of Acceptance and Use of Technology

The studies in Chapters Three and Four were guided by an adapted version of the Unified

Theory of Acceptance and Use of Technology (UTAUT) model (Figure 1.2).
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Venkatesh et al. first developed the UTAUT model in 2003 by combining elements from
eight models and theories of behavior change and technology acceptance, including the theory of
reasoned action, the technology acceptance model, and the theory of planned behavior.
Validation of the model demonstrated that it explains variation in technology acceptance and use
better than its component models (R?= 0.69 compared to 0.17-0.53). The UTAUT model has
been used extensively to understand technology acceptance and use in non-healthcare settings,
such as education, banking, and 3G mobile communication (Attuquayefio & Addo, 2014). The
model has begun to appear in healthcare research settings in recent years. One study has used
UTAUT in ECG monitoring in a community-dwelling cardiac population (Lin, Wong, & Tseng,
2016). However this study measured technology acceptance but not sustained engagement.

Recently, UTAUT was adapted to explain sustained engagement with mHealth
technology for lung transplant recipients after surgery (Jiang, Sereika, Dabbs, Handler, &
Schlenk, 2016). The adapted UTAUT model validated by Jiang et al. (2016) will be used in this
dissertation because it predicts sustained engagement (Figure 1.2). It includes three predictors of
sustained engagement: (1) perceived usefulness, (2) perceived ease of use, and (3) facilitating
conditions. It also includes three moderating factors: (1) age, (2) gender, and (3) experience with
technology. Jiang et al. (2016) included intention to use technology as a predictor of sustained
engagement. This predictor was omitted from the adapted UTAUT model that is used in this
dissertation because data on actual technology use is available from the parent IHEART study.

The facilitating conditions predictor can be operationalized differently depending on the
population being studied (Attuquayefio & Addo, 2014; Venkatesh, Morris, Davis, & Davis,

2003). Based on the facilitating conditions included by Jiang et al. (2016) and the variables
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available from the parent IHEART study, the facilitating conditions used in this dissertation are:

(1) severity of AF symptoms, (2) frequency of AF episodes, and (3) AF knowledge.

Dissertation Aims and Organization

This dissertation is comprised of three manuscripts that comprise the next three chapters.

The manuscript title and aims of each chapter are presented in Table 1.1.

Table 1.1: Dissertation Chapters, Manuscript Titles, and Aims Addressed

Chapter Title

Aim

2 Converging and Diverging Needs
described by Patients and Providers
that collect and use Patient-Generated
Health Data: An Integrative Review

3 A Theory-Driven Exploration of
Factors Associated with Sustained
ECG Self-Monitoring in a Post-
Intervention Atrial Fibrillation
Population

4 Factors Influencing Sustained
Engagement with ECG Self-
Monitoring: Perspectives from
Patients and Healthcare Providers

1. Identify (a) needs of both healthcare
providers and patients concerning the
collection and use of digital PGHD and
(b) identify areas of convergence and
divergence between them.

2. Evaluate engagement with ECG
mHealth technology among adults with
AF over one year, as well as predictors
and moderators of sustained engagement.

3. Explore (a) individual patient
differences in sustained engagement
among adults with AF who are collecting
and using PGHD, and (b) potential
approaches for improving sustained
engagement.

Chapter Two is an integrative review that synthesizes the needs of patients and healthcare

providers when collecting and using PGHD. Specifically, this reviewed aimed to identify

convergent and divergent patient and provider needs in using PGHD in real-world settings (Aim

1). This provides a baseline understanding of facilitators and barriers to PGHD collection and

use, and set the stage for understanding one major problem in particular, sustained engagement.
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In the study described in Chapter Three, factors from the adapted UTAUT model were
quantitatively tested to determine their relationship to sustained engagement in a population of
patients collecting and using PGHD for AF management. This study aimed to evaluate
engagement with ECG mHealth technology among adults with AF over one year, as well as
predictors and moderators of sustained engagement (Aim 2). It is a secondary data analysis of
AliveCor™ usage data and surveys from 132 adults with AF who participated in the intervention
arm of the IHEART randomized controlled trial. Hierarchical generalized linear models (HGLM)
were used to evaluate engagement, as well as predictors and moderators of engagement that
came from the adapted UTAUT model.

In the study described in Chapter Four, factors in the adapted UTAUT model were
further explored, as were additional factors related to sustained engagement that were not
included in the adapted UTAUT model. Qualitative focus groups with providers and patients
utilizing PGHD for management of AF were conducted to substantiate the quantitative findings
with further insight on factors that may contribute to sustained engagement with ECG mHealth
technology in this population, but that may not have been measured or fully understood in the
quantitative analysis. Specifically, the focus group guides aimed to elicit: (1) individual patient
differences in sustained engagement among adults with AF who are collecting and using PGHD,
and (2) potential approaches for improving sustained engagement (Aim 3). Qualitative data was
analyzed using directed content analysis, which allowed the adapted UTAUT model to guide
exploration of concepts that emerge from the data.

Together these papers report on multiple aspects of motivation and barriers to the
collection and use of PGHD by both patients and providers, and identify potential approaches for

optimizing the process.
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Conclusion

The research aims to find ways to optimize the process of PGHD collection and use for
both patients and providers by identifying their common needs and potential approaches to meet
these needs. A review of the needs of patients and providers who are collecting and using PGHD
is presented in Chapter Two. Currently, a major barrier to PGHD collection is patient sustained
engagement with self-monitoring. Therefore, sustained engagement is studied in detail in the
studies described in Chapters Three and Four.

The implications of understanding factors associated with sustained engagement are the
potential to increase use of point-of-care self-monitoring devices, improve self-management of
AF, and optimize the positive health outcomes resulting from use of mHealth technology. The
findings of this research suggest design options for systems that collect and display PGHD in
general (Chapter Two) and specifically such that patient sustained engagement is optimized
(Chapters Three and Four). Given the continued popularity and availability of mHealth
technologies among patients and recent policy changes that incentivize healthcare providers to
review PGHD (CMS, 2017a), the findings of this research will continue to be disseminated to
peer-reviewed journals in a timely manner.

Additionally, the findings will be presented at conferences in biomedical informatics,
cardiology, and nursing, including the American Medical Informatics Association (AMIA) and
American Heart Association (AHA) annual scientific sessions. Preliminary findings on iIHEART
trial participants’ AliveCor™ usage patterns and the influence of AliveCor™ use on cardiac
endpoints have been presented at the AHA 2017 Scientific Sessions, Eastern Nursing Research
Society 2018 Scientific Sessions, and Heart Rhythm Society 2018 Scientific Sessions, and an

abstract has been published in the journal Circulation (M. Reading, Biviano, Mitrani, & Hickey,
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2017). In sum, findings from this research provide insights into real-world approaches for
improved management of chronic conditions such as AF, as well as potential strategies to

optimize user engagement with mHealth applications over an extended period of time.
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Chapter Two: Converging and Diverging Needs between Patients and Providers who are
Collecting and Using Patient-Generated Health Data: An Integrative Review
The study in Chapter Two addresses the first aim of the dissertation in an integrative
review that examines convergent and divergent areas of need for collecting and using patient-
generated health data (PGHD) identified by patients and healthcare providers. The final
manuscript was accepted for publication in the Journal of the American Medical Informatics
Association (JAMIA) on January 29, 2018 (doi: 10.1093/jamia/ocy006). The published version
is included in Appendix A.
Abstract

Objective: This integrative review identifies convergent and divergent areas of need for
collecting and using patient-generated health data (PGHD) identified by patients and providers
(i.e. physicians, nurses, advanced practice nurses, physician assistants, and dietitians).
Materials and Methods: A systematic search of nine scholarly databases targeted peer-reviewed
studies published after 2010 that reported patients’ and/or providers’ needs for incorporating
PGHD in clinical care. The studies were assessed for quality and bias with the Mixed-Methods
Appraisal Tool. The results section of each article was coded to themes inductively developed to
categorize patient and provider needs. Distinct claims were extracted and areas of convergence
and divergence identified.
Results: Eleven studies met inclusion criteria. All had moderate to low risk of bias. Three themes
(clinical, logistic, and technological needs) and 13 subthemes emerged. Forty-eight claims were
extracted. Four were divergent and twenty were convergent. The remainder was discussed by

only patients or only providers.
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Discussion: In examining patients’ and providers’ needs concurrently, the findings demonstrate
interplay between patients’ and providers’ needs. Patients need feedback and reassurance, and
providers need to manage the flow of PGHD in their clinical practice. Convergent needs may
serve as the basis for an initial set of requirement specifications for information systems that
satisfy both users. Divergent needs highlight the necessity of incorporating transparency and
strategies for patients and providers to communicate about the PGHD process.
Conclusion: As momentum gains for integrating PGHD into clinical care, this analysis of
primary source data is critical to understanding the needs of the two groups directly involved in
collection and use of PGHD.
Background and Significance

As of January 1, 2018 the Centers for Medicare and Medicaid Services (CMS) initiated
policy changes that will incentivize and reimburse healthcare providers for reviewing and
interpreting patient-generated health data (PGHD), which is expected to accelerate adoption and
use of these data in clinical practice (CMS, 2017a, 2017b). PGHD is a term to describe “health-
related data... created, recorded, gathered, or inferred by or from patients or their designees (e.g.,
care partners or those who assist them) to help address a health concern” (Wood et al., 2015).
Key features of PGHD are: (a) the patient, not the healthcare provider, captures the data, (b) the
data are obtained outside of clinical settings, and (c) the data are both longitudinal and capable of
being collected at high-frequency intervals. Patient-reported outcomes (PROs) are considered a
controlled form of PGHD, typically consisting of structured data elements captured at discrete
intervals (Howie et al., 2014).

Increasingly PGHD are collected and stored digitally via ubiquitous smartphone

applications (apps), connected devices, and cloud-based platforms (C. F. Chung et al., 2016;
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Howie et al., 2014; Lavallee et al., 2016; Shaw et al., 2015). PGHD produces not only
information and knowledge to support clinical decision-making for individual health care
providers, but also a context for those decisions (A. E. Chung & Basch, 2015; Shaw et al., 2015).
For instance, knowledge of circumstances external to a patient’s clinical situation may call for
adjustments to therapeutic decisions made by any provider within a health care team (e.g.
physicians, nurses, advanced practice nurses, physician assistants, and dietitians). Current
evidence on the clinical benefit of PGHD is sparse but emerging as technology and policy
provide the means to incorporate it into clinical practice (Greenwood et al., 2017; Lai, Hsueh,
Choi, & Austin, 2017; Lv et al., 2017).

On a policy level, digital PGHD may contribute to healthcare quality by augmenting the
type, amount, and detail of health information exchanged between patients and providers (Bauer
et al., 2014; Chouvarda et al., 2015). Healthcare costs associated with unnecessary office visits
and hospitalizations may decrease when patients share PGHD by allowing the provider to
proactively manage illnesses and prevent complications (Howie et al., 2014). Patients with
previous barriers to healthcare for cost- or location-related reasons may now exchange health
information more easily and affordably with providers because mobile device ownership is
prevalent across diverse populations (Bauer et al., 2014; Howie et al., 2014; Lavallee et al.,
2016).

The U.S. Office of the National Coordinator for Health Information Technology (ONC)
has identified the value and existing challenges for patients and providers regarding PHGD, and
called for evidence-based strategies to facilitate its adoption and use (ONC, January 2018b). An
understanding of PGHD from the patient and provider perspectives is needed to align concurrent

policy efforts that aim to incorporate PGHD into clinical care, such as the Medicare and
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Medicaid Electronic Health Record Incentive Programs Stage 3 and Modifications to Meaningful
Use (MU3), and the Medicare Access and Children’s Health Insurance Program Reauthorization
Act of 2015 (MACRA) (ONC, January 2018b).
Objective

A synthesis of the evidence regarding patient and provider needs for information systems
that incorporate PHGD can inform their optimal development (Lavallee et al., 2016; Woods,
Evans, & Frisbee, 2016). To our knowledge there is no review that examines empirical evidence
on the needs of the two primary users of PGHD. Therefore, the aims of this integrative review
are to (1) summarize needs of both healthcare providers and patients concerning the collection
and use of digital PGHD and (2) identify areas of convergence and divergence between them.
The review follows procedures and recommendations detailed by Whittemore and Knafl (2005).

Methods

Information Sources and Search strategy

Nine scholarly databases (Pubmed, Scopus, Applied Science, Medline, PsycINFO,
Science Direct, CINAHL, Cochrane and ACM Digital Library) were searched in November 2016
using the terms: “Patient generated health data,” “Patient generated data,” “Patient reported
outcome(s) [AND] digital,” “Patient reported data [AND] digital,” and “Self-monitoring data.”
Search terms were determined in consultation with a biomedical librarian and two experts
engaged in research involving PGHD, and iteratively by examining key words in retrieved
publications. Patient reported outcomes (PROs) are a type of patient-generated health data,
which in some cases are recorded digitally (Forsberg et al., 2015; Howie et al., 2014). Therefore
PROs were included in the search terms for thoroughness. No filters or additional search criteria

were applied. Scopus was searched for grey literature using the same terms. An inspection of
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reference lists from retrieved articles identified any relevant publications not obtained through
the database search.
Eligibility Criteria

Publications were evaluated against the following criteria: (a) documented patients’ or
providers’ needs, (b) PGHD was used in a “real world” rather than study setting, (c) addressed
any type of digital PGHD collected for any health-related purpose (e.g. chronic disease
management, post-operative monitoring, etc.), and (d) any study design (qualitative, quantitative,
or mixed-methods). Exclusion criteria were: (a) published prior to 2011, (b) not a peer-reviewed
article, (c) non-digital PGHD, (d) PGHD not used in “real world setting” and clinical workflow
and (e) not reporting patients’ and/or providers’ perspectives. We define workflow as “a modular
sequence of tasks, with a distinct beginning and end, performed for the specific purpose of
delivering clinical care” (HealthIT.gov). Studies with samples of only patients or only providers
were included provided they met other inclusion criteria.

The specification of “digital” data was thought to automatically exclude older studies, so
publication year search filters were not initially applied. However this approach retrieved several
studies published between 1980 and 2010 reporting on now obsolete technology. The publication
date criterion was added in acknowledgement of the rapid development of patient- and provider-
facing health information technology within the past five years. Unlike non-electronic (e.g.,
verbal or written) information generated by patients, digital PGHD can be collected with greater
frequency and detail and computationally summarized. These features present unique

opportunities and challenges, which are the focus of this review.
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Data Screening, Extraction, and Synthesis

Two reviewers used Covidence, a Cochrane technology platform, to select eligible
studies from the pool of retrieved records ("Covidence systematic review software," 2016).
Covidence automatically removes most duplicate records. The reviewers removed any missed
duplicate records. Then the reviewers screened titles and abstracts against the inclusion/
exclusion criteria. Full texts of the records included were rescreened using the same criteria. Any
discrepancies between the reviewers were discussed and resolved.

Methodological Quality Assessment of Studies

Quality was evaluated with the Mixed Methods Appraisal Tool (MMAT) (Pluye,
Gagnon, Griffiths, & Johnson-Lafleur, 2009), which is specifically designed for concomitantly
appraising quantitative, qualitative, and mixed-methods research. MMAT was chosen for its
ability to produce comparable scores across study designs (Pace et al., 2012; Pluye et al., 2009),
with highly reliable inter-class correlations (ICC) ranging from 0.84 to 0.94 (Johnston et al.,
2016; Mey et al., 2016; Tretteteig, Vatne, & Rokstad, 2016).

The MMAT consists of two initial screening questions and subsequent question sets that
are specific to the study design (quantitative; qualitative; or mixed-methods). The screening
questions identify studies for which further appraisal may not be feasible or appropriate (e.g. no
clear research question.) Studies failing either or both screening questions do not proceed to
domain-specific appraisal. Domain-specific questions number four for qualitative studies and
four questions for each of the three quantitative study designs (randomized controlled, non-
randomized, or descriptive). Mixed-methods studies are evaluated using both the qualitative and
appropriate quantitative study questions. There are three additional questions specific to mixed-

methods studies. The quality appraisal score is determined by dividing n criteria met by N
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criteria in each applicable domain. Scores are typically converted to percentages for comparison
across studies (Pace et al., 2012; Pluye et al., 2009). Following this protocol, two reviewers
(M.R., J.M.) independently appraised and calculated scores for each study. As in the earlier
stage, discrepancies between the reviewers were discussed and resolved.

Data Extraction and Qualitative Synthesis

The goals of data analysis in integrative reviews are first, to provide an unbiased and
complete interpretation of primary source data, and second, to critically synthesize this data
(Whittemore & Knafl, 2005). The primary author (M.R.) reviewed and extracted relevant
characteristics from each study including: sample characteristics, setting, context, PGHD
collected, HIT used, study design, data collection methods, data analysis methods, and study
findings.

Both reviewers (M.R., J.M.) analyzed the quantitative and qualitative data using a general
inductive approach to develop a unified response to the objectives of the integrative review. The
steps include: (1) data reduction, (2) data display, (3) data comparison, (4) conclusion drawing
and verification (Whittemore & Knafl, 2005). During data reduction, text containing the
qualitative and/or quantitative findings was excerpted from each article and combined into a
single corpus. The primary author (M.R.) coded this text using a general inductive approach in
which codes were developed, consolidated if warranted, and then organized into a hierarchy.
From this process, a set of thematic axes emerged. The second reviewer (J.M.) independently
coded 50% of the records using this preliminary schema with the freedom to identify new or
alternative codes. Alternative codes were discussed until consensus was reached on a final
coding schema, which was used for inter-rater reliability calculation. To further distill the

findings for subsequent comparison, both reviewers revisited the coded text to identify distinct
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expressions of a need related to PGHD, which they extracted in the form of declarative
statements, or “claims.” NVivo Version 11.4.1 (QSR International, Inc., Burlington, MA) was
used to code the data and calculate inter-rater reliability.

Second, a table of findings was created to display the data and visualize claims according
to the coding theme/sub-theme and patient/provider perspectives on each claim. Third, the claims
were reviewed and discussed to determine the presence of patterns and relationships. The
perspectives of individual claims were reviewed and discussed to evaluate if the viewpoints
expressed were convergent, divergent, or identified by only patients or only providers. Finally,
each declarative claim was verified with primary source(s) to ensure accuracy. Specifically, the
primary author (M.R.) mapped the claims back to the theme they were originally coded under,

and both reviewers participated in reordering or consolidating claims if warranted.

Results
Search Results

A total of 996 records were retrieved from nine databases (Figure 2.1). Removal of
duplicate records (n=274) left 722 articles for the title/abstract screening. During title/abstract
screening, 644 records were excluded for: publication date prior to 2011 (n=356), not peer-
reviewed (n=122), not digital PGHD (n=86), and not about integrating PGHD into clinical
workflow (n=80). A full text screening of 78 remaining records excluded 67 for: reporting
neither patient nor provider perspective (n=37); not digital PGHD (n=17); and not about
integrating PGHD into the clinical workflow (n=13). A total of 11 records were accepted for
review (Cheng, Hayes, Hirano, Nagel, & Baker, 2015; C. F. Chung et al., 2016; Cohen et al.,
2016; Hartzler, Izard, Dalkin, Mikles, & Gore, 2016; Hochstenbach, Zwakhalen, Courtens, van
Kleef, & de Witte, 2016; Huba & Zhang, 2012; Kummerow Broman et al., 2015; Lind, Carlgren,

& Karlsson, 2016; Nundy, Lu, Hogan, Mishra, & Peek, 2014; Sanger et al., 2016; Thompson &
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Valdez, 2015). The provider perspectives covered in these records included physicians, nurses,

advanced practice nurses, physician assistants, and dietitians.

Total records found n= 996
*  Pubmed n=125

+  Scopus n=168

+  Applied Science n=170
«  Medline n=124

*  PsycINFO n=44

«  ScienceDirect n=311

«  CINAHL n=26

« Cochrane n=19

«  ACM Digital Library= 9

>{ Duplicates excluded n= 274

h 4
Title/abstract screening
n=722 ‘
Records excluded n=644
»  Published before 2011
n=356
+  Not peer-reviewed
o article n=122
+  Not digital PGHD n=86
*  Not integrating PGHD
into clinical workflow
v n=80

Full text screening n=78

Records excluded n=67

+ Mot reporting provider
or patient needs n=37

> + Mot digital PGHD n=17

*  Not integrating PGHD
inte clinical workflow
n=13

A 4
Records accepted n=11

Figure 2.1. Flow Diagram of Study Selection Process
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Risk of Bias
Quiality appraisal results of the four qualitative and seven mixed-methods studies are

summarized in Table 2.1.
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Quialitative studies received five to six of six possible points, and the mixed-methods studies
received eight to eleven of thirteen possible points. When converted to percentages, studies
scored from 62% to 100%. Studies lost points in the qualitative domain for claiming a specific
method (e.g., grounded theory) but describing data analysis inconsistent with that method, or for
failing to acknowledge, or “bracket,” their interaction with study participants as a potential
source of bias. Studies lost points in the quantitative domain for sampling strategies that
introduced bias, or surveys not psychometrically validated.

Characteristics of Included Studies

The characteristics of 11 studies are summarized in Table 2.2.
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Six studies included both patients and provider participants (Cheng et al., 2015; C. F. Chung et
al., 2016; Hartzler et al., 2016; Hochstenbach et al., 2016; Kummerow Broman et al., 2015;
Sanger et al., 2016). Two included participants who were not patients or providers but were
closely involved with them during the study period and could speak to their perspectives (Cohen
et al., 2016; Sanger et al., 2016).

Providers included physicians (surgeons, primary care physicians, specialists), nurses,
advanced practice nurses, physician assistants, and dieticians. Their mean clinical experience
ranged from 7 to 17 years. Patients’ mean ages ranged from 44 to 71 years old and gender
breakdown ranged from 30% to 100% male. The study settings ranged from large, academic
medical center to outpatient clinic. Eight of the 11 studies examined a specific tool to collect and
use PGHD being tested. Qualitative data collection involved individual semi-structured
interviews, open-ended survey questions, and observations. Quantitative data was collected
through surveys and application usage reports.

Characteristics of PGHD in Included Studies

The characteristics of PGHD in the eight studies that tested an actual data tool are
summarized in Table 2.2. PGHD included physiological, self-report, and passive sensor data
targeting a wide range of clinical problems. PGHD was collected in a mobile format and/or
through web-based platforms. Some tools allowed both patients and providers to visualize data
while others only had a provider view. PGHD collection included manual entry into an
application, automated entry from connected devices, photographs taken with digital cameras or
mobile phones, text messaging, and a proprietary pen-and-paper technology. In five studies

providers were the only intended users of PGHD, even if patients or their caregivers could view
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the data. In these five studies, patients were reportedly not acting upon their data but deferring to
the provider’s interpretation of it.
Qualitative Synthesis

Qualitative synthesis results are provided in Tables 2.3 and 2.4.

35



(S).. Aep A19A9 19p[NOYS INOK I9A0 FUINOO] duodwos,, <39 ‘(3sioeuneyd pue

‘ueio1sAyd ‘asinu *6:8) Burionuow siapiAoad ajdijnw Jo eapi ayr 01 A|aAnisod 10eal Sjusiled
(TT'0T'Y) e18p [PWIOUQR

10919p 01 SwylIoB|e a1emiyos Jo AljIge ayl Jo/pue Alljige UMO JIay) Isnnsip Aew sjusied

'signop J1ay) [adsip 01 AH9d 118y} Jouuow
Ajuelsuod 03 siapinoad Juem Aew sjuaiied

(2)uswabeurw 1yblam pue BuUNOD 81I0JBI UO UOITRINPS 82104U13J 0 Blep 8U]
pasn pue sjuawaiinbai a1101ed 0] 8duslaype-uou Jualred e padNou Japinoid suo ‘sjdwexs 104

‘Bu1jasunod pue uoneonps
y1feay 10} QHOd abeians| ued sispinoid

(0T't*2)"(e9uspuadapui uaned Jo [eob e
U1IM) JuedIJIubBIS J0U a1e/ale elep Ydlym uo syusned apinb ued siapinoid (v°2) sanjen sbelane
0 1X31U09 Ul 121dJ181Ul 0] BIRP JI8Y) Ul SUOITR|31I0D puR SpuaJ]) AJ1IUspl 01 paau Slualed

"e1ep Jiay1 Bunaidisiul djsy pasu sjuaned

(8°L).. 103 OO] 0} JeyM MOUY },UOP
[~ °JesAur isnay 3 uop 1,, ‘pres yuaned auQ (§) “eyep oy 110dax A[}01100Ul 0} WY} FUIPLI]
‘Way) p1023J pue SjusWaINSeaW pale]al-yieay axel 01 Moy Jo Buipuelsiapun yoe| sjuaired

"dHOd buog)jod
310Jaq 1oddns pue Bulures) pasu sjusied

aouepInb paau syusied :aWayl-qns [ealul)d

(9).. Surrou
uey) 103399 S, SuIylowos,, ‘pres 1opraoid au() A103SIy [edIpall € opraoid ued auo ou uay A\

‘suolrenis Aguablaws ul anjea sey QH9d

(9'T)'sanbea| |09 YA UONEBIIUNWILOD PUE S|ellayal a1ell|ide) 0] ‘SIapJosip
oLeIYaAsd se yons ‘saijeldads pusosues] 1ey) J0 aJel aJe 1ey) suonIpuod Joj Ajjerosds3

'siapinoad 1ayio 1oy Jo sesodind Jayio 1oy
8199|100 QHOd 01 SS893. JueM Aew SIapIAOId

(1) "dn mojjoy pardwoud reyr swordwAs pue subis pajou Ajeluapioul pue ‘elep
1yB1am AaAU09 01 9J8IS  UO Salgeq Jo sebiewl paAladal oym ueidLeipad e JO ased ay) Ul Sy

*3Jed anoidwi 01 Bunjew
UOISId8p 10J Pasn aq Urd elepeIaLl [en)X81uo)

(6°'9'T) a4 40 Aupenb pue ‘suondsalad ‘siolneyaq ‘saoustiadxs ‘spoowl

‘sjeob juaned :eyepelsw fenxs1uod Ag pauioddns Buiyew uoISIIap Ul Sem anjeA siapiaoid o4
(0T'2) senaixue

pue ‘sanipigiowod ‘ayl| Ajrep Jiayy Buipuelsiapun JapiAoid ul Sem anjea ‘syusired 1o

"*AH9d ueAs|al 8y} Buipueisiapun 104 ajgenjeA
9q UBd  ‘BJEpERIOW [ENIX9IU0D,, JO ‘Wwa[qoid
[ea1ul]2 e 01 Bulurenad Apoalip 10U A9HJ

s1apinoad pue syuaned oy nidjay SI eIRpERISW [BNIX8IU0D (BWaYl-gns [edluld

(11°2) s1op1aoid yaim 99€J-01-99€},, 10J 2IM1ISQNS B JOU SI I ‘S}ISIA JIUI[J 10J
PaININSgNS SeM QHOd JO MaIAJ UBUM 1S0] a1am Lloddes pue sssuybnoJoy ‘uonealunwwo)

‘sdiysuoiie|al
Japinouad-juaned ay1 ussiom ued QHOd

(') ssauboud 1oy asield pue swordwAs oy Ayredws apnjoul spasu Jeuonows Jo ssjdwex3

‘dHOd
Buipinoad Aq 18w ag urd Spasu [euoIlOWS JUsled

(8) uonealunwiwod Japinoid-1usned pue dHOd
[ewouge Jo Aouanbaij usamiaq paniasgo sem (6/2°0 = 1) uone|ariod aanisod uealIubIS v

‘Burioliuow Jspinoid a1el|Ioe) ued AH9d

(8'7)'90uaniadxa Aep
-0}-Aep J18y} JO S1apIA0Id pawIoful pue ‘8sed J1sy} Ul Way} PAAJOAUI QHDd paliodai sjuaiied

'siapino.d pue syusited usamiaq
diysuoire|al Bujiom ayr adueyus ued QH9Od

diysuonejau Japinoad-jusned syl uo AHOJ 10 198143 :BWaYl-gNs [ealulD

(e24n0S) uoneue|dx3

wre|o

+SISBUIUAS annelend WwoJj pajelauss swiepd £z a|qel

36



(TT2) AIsnowous AleA ued spiepuels
Al1jenuapijuod pue Aseaud yaiym Joj sdde yijeaHw Jo asn Aq pareqaosexa SI uIaduod Sy

"paJeys
a8q 1yBiw 11 A|9AISUSIXa MOy pue pasn-al ‘pasn
S1 eJep J134) MOY INOge SUI3dU09 aARY Sjuslled

Aouaaedsuea] :awayl-gns a11sibo]

(01°2°1) smess Sura[oas syuoned dy) UO paseq SIUIW[S ejep 3unennogau Jo ssoooid
pIN|J & Se SIY) Mes AL ‘PaAIadal elep uo syuaied yim sjenobiau o) pasu Aay [98) AsyL

.. peOlI9A0 UOIIBULIOJUL,, JO YSLI
8y} pue Alljiger] 1noge Suiaduod ARy SISPINOIG

‘Slapinoid 10} UspINg 8yl 8dnpaJ 01 SPOYIBW |NYSSaaINSs A|paliodal 0M] a1em
(0T'6) suModas Arewwins Jariq pue ‘(0T‘T) elep [ewsouqe ajetausb sjuaired Xsii-1e UBYM SUB|Y

"M3IA3) QHOd 10J uaping
L1 ay) 89NpaJ 0] SPOYIBL PaaU SIBPIADIJ

(2'1)'ma1nal e1ep Uo dn yored 01 Spuaxeam pue sbuluans
0] paiosal s1apiInoad awos USIA syl Bulinp pamalnal Ajuo awos pue ‘NSIA Juailed e 81049(
PaMBINB] BWOS ‘AH9d paloyuow Ajsnonunuod siapiaoad awos ‘Aj1ealb patiea ssdnoeid

"M3IN3J
©lep AHOJ 10 8w e 0] Pasu SISPIAOId

3wl :awayl-qns ansibo

(7) .11 op 01 oWy dAeY ), UOP NOA INq BIEP O 199[[0D
:03essow paxXIW “9s19A1d B SBY,, 9INJONIS SANIUIOUL o} pres 1opraoxd auQ (01°7) 21qe[q
10U SeM pue paziubodaiun JUaMm Jeyl YoM ayl 1184 Asyl asnedaq UOIIBAIIOW 1SO| SISPIAOIG

‘AHOd M3lA3l
0] UOITRAIIOW J13Y) 39NPaJ S3INJONJIS AIUSIUI
pUB SMO[JIOM [BOIUI]O JUILIND SIOPIAOI]

(0T'2'2)"uBWasINqIIBL [RIDUBULY PUR LI PBARS 8PN|IUI SBAIUBIUI JO Sajdwex3

"SOANUdUI YIM dA0Idwil
ued QHOJ M3IA3J 01 UOITRAIIOW JBPIAOI

(11°7) uoneanow asea1dap ued siapraoid 1o s10ad £q  padpnl,, Sureq Jo 18 JIOAIMOH

uoddns 1apinoad pue Jsad yum
9SeaIoUl Ued QHOJ 199]]02 01 UOITRAIOW udled

(TT ) @1R1paWILII 10U BJ9M S)1JAUA(Q JI UBAD
AH9d Bunaa||oo ul anjea aas siuaired djay o1 BuiAn pauodal pue siyl paziubodal SIspIACid

"a]eIpaWILLI 10U aJe Buriojiuow
-J|9S WOJJ S)1JBUa( JI SUBM UBD UOITRAIIOW Judlied

(TT'0T'6'2) UBIUBAUOIUI
10 ‘Buiwinsuod-awin ‘Bunoensip si ss8304d ay) usym 10u Ing ‘Asea si pue (SSIA 39110 193]
‘SJdom Buissiw jou ““BHa) awil SaAeS 3 UsyM QHOd 8Sh pue 1931109 0} pareAllow ale Aay L

"AHOd 8sh pue 199]]09
0] UOITRAIIOW 8S0] Ued siapinoid pue siuaned

SOAIIUBJUI PUB UOIRAIOIA -aWayl-qns o1s1607

(0T'2) sanjaswayy JusWabeueWw
erep abeurw 01 aouaLIadx? J0 93pa[MoUy AU} 2ABY 1, UOP A3Y) UAYM JeFI[OP SIOPIAOI] elep a)ebajap 01 pasu Aew SI9PIAOI
(0T'Z'T) 1 404 3)qIsuodsal are Aay) ‘erep ayl “aonoeld

3AI923J A8y 80UO Jey) PaUIBIUO0I ale SIapIA0d *(1018 ‘QIN ‘NY) adA1 Japiaouad pue Ayjeroads
[e21U1]0 JO SwIR) Ul 30q ‘OsnIadxa s 1opraoid e Jo 9dods o) Jo areme oq jou Aew sjudnyed

40 2d02s 113y JO 3PISINO SI 1Y) AHOJ BuIAIoal
1N0QR. SUJBUOD [B2IYI8 pue [2B3] aAeY SISpIAOId

(€)..4,2780 JOA0 3B} PUR AIJJINUI [ OP UM (Iuem uerdrsAyd Buiean syl
SOOP JRUA\ " ({QUAAIUI | OP UIYA\ ([ POMO[[E ST JBYA\ ***2INS JOU WL,] SAWI} }Y,, ‘PIes osIinu

"*AH9d 01 Bulpuodsas uaym
3]0J 1131 Inoqe suonsanb aney Aew s1apInoId

(¢)'suonjoe urpuodsarrod Yim [oed  Sau0z,, A1noe ojul qHOHJ
9211063189 01 pasinap sonoeld dnoib Jay wylioble ue pagrLIaSap 8SiNU 8UO dJURISUI 104

"AHS5d 01 sasuodsai sy
apInb 0 $]00010.d PasU SIBPIAOI] "SMOJJ}IOM
J1apinoid JuaiInd ul Arewoisng 1ou st HOd

2ouepInb paau SI8PIN0Id :BWayl-gns |ealul)d

37



(01°5) . ’uonda1p Jy311 Yy ul [Juaned
o3| 93pnu,, 03 9IMONI)S JO ULIOJ JUWIOS PIIOAB] AU} OS ‘JUBAJ[OLI pue Xo[dwod AJLIeSSad8uun
a( 01 BJep 8Sned PIN0J papus-uado 001 SI 1ey1 ANUs erep 1eyl palou siapinoid awos

‘Buyew-uolsioap [eatul}d uoddns 01 Anua
elep juaited paziwolsnd pasu Aell SISpPIAOIG

(G'2) Anua e1ep ul S10418 01 peg|
ued pue ‘syutod erep o1419ads ‘ajdinw oea) 03 paau oym siuaned 1oy Ajjeroadss ‘asn-uou
asned pue Burioliuow-|as wody syuaited abeinodsip ued A1us elep 8|qeziwoisnd JO %oe|

*A11UB BIRP 9ZIWO0ISND 0] Paau Aew sjuaied

(5'%'2) "1epJo eaibojouoayd ul pazifensiA eyep pue ‘sydeiboroid
10 sa|qe) elep Jano sydelb aul] pue sueyd papnjoul S8duaJaald UOIRZIIeNSIA [elauds)
‘woy Sursn paddoys uoyjo syuened jysisut Jo adA) siyy 9)eIIIoR] 3, UPIP UOLIBZI[BNSIA o) J]

"UoIIPUOI
yireay J1ayx anoadwi 1eyl spuawisnipe ajAisall|
ayew wsay) djay 01 suollezijensiA asn ued sjusiied

(€) .. pare[o1100 SurpAue J1 93s pue @ouo Je sydeIsd oy [[e 99s p[nod om [J1 d[oy prnom]
‘Surunsuod duwr 0s 9q 03 Furo3 sem ejep yonuw siy} ygnoay; Surog snf,, ‘pres 1opraoxd suQ

"aW1) aARS
0] SUOIIRZI[BNSIA 9ZILUOISND 0] PaaU SIBPIAOIJ

(G'%) "BuIp02-10]02 pue $3J0U YIIM SUOleZI[ensSIA dn-YJely e
(5'%'e) (‘018 ‘so|gey ‘sydeib) sAem Jualaflip Ul BIep MAIA e
() uaas |1e19p JO JUNOWR AlRA e

10} AJ1j1qe 8y pasu ay |

*3]geZIWoIsnd
8Q 0] SUONEZI[ENSIA Paau sIapinoid pue sjusied

uoneziwoisn) :awsayl-gns ABojouyoda |

(6) .. A11831 01 SUBM OUM dUOAUR 0) SIIJ}
IOJJO "TILAsn § 39 “T° UIY) | 1X9) ued pue suoyd e sey oym suoAue og,, ‘pres 1opiaoid suQ

*10J1UOW-}|8S 0} Sjusired
11941 JO e abrinodua 0] paau Aewl SIapIA0Id

(0T) 24nseaw s anndalqo
ue Jad suonealjdwod 10y XSII pasealoul Je aJe OyM 3soy) pue ‘(g) suelioisiy Jood ale oym
asoyl ‘(6's) pajjoa1uod Ajiood si aseasIp asoym asoyl :papnjaul s1asgns jusited Jo sajdwex3

"AHOd 9A13231 0] WOYM WO
sjusied JO 19sgns & 109[3S 0] Paau Aew SIapIAOId

Japinoad AQ SalaeA uoI123]as 1Ualed :aWwayl-gns ansibo]

(0T'2) 10nuow Apuspuadapul aiow 03 uomisuel) [[1m Asyl 1eys os Juaited ayy Jamodwis
01 wie siapiaodd aj1ym ‘Jspiaoad J1sys yim yijeay J1ayl Joyuow Ajgyuigapul 03 Juem sjusired

JualayIp
aq Aew QH9d Buisn pue Bu119s||02 10j S|L0D

(01T'T)
‘|ewiouce sem eyep ayl JI pajueLiem AJuo Sem UOIRIIUNWIWOD 1134 SJapirod sawin Auein
(0T) "pa19RIU0I 3 [[IM ASU1 UBYM/II PUR BIRP JI3U] MBIASI ||IM OUM MOUY 0] JUeM Sluaied

'$$990.1d MalAal ) Bulpiebal
suone1dadxa jusned sbeuew 01 paau SISPIAOIG

(o1)
WAy} 0} We [ 9[qe[leAB MO JO SUONL}0adxa onsi[eal,, dAeY 0} sjuaried pajuem SIOPIAOL] ‘sjuaied Jayo Jo
(01) ..op 31ed pue sMmopom 1dnisip Aew asuodsal pides

01 pasoddns | we jeym ‘pon) oNI[ S, 31 pue * * * Sunrem 9193y} Sumrs isnl a1, noA sownswWos
asneoay,, :snorxue are A9y ss9001d osuodsar 1opraoid 9y Jo dremeun d1om sjudried USYAL

10j Juswialinbal e 1eay siapinoud ajiym (sinoy
¥ ulyum *6a) asuodsal Ajpwil e uem sjusied

38



(6)'susin

90BJ-0]-998] UI ST A1} SB SIOMSUR [IIM  J0JO0P Ay} asea[d,, 01 a1nssaxd sSaf ST 219y} dsneda(q
a]eJnade aJow aq ued (sdualaype uolnedipaw “Ha) vlep pauodal-jusired JansmoH (6°2)
"S[euolssajold atedyljeay Aq papJ0dal UsyYM a1eindde 210W (g Ued Sjuawiainseaw aAnaalqo

'sBumas 1ay10
u1 sjeuoissajoud aseayyjeay Aq snsiaA sjusiyed
Aq papJ0o2al eyep ysinbBunsip 01 paau SIBPIACId

(9) '"aHSd 1odaul 10 ainseaw AJ19a4100Ul
pInoa sjuaied 1eyl patiiom siapiaoid Jo 949/ Apms auo uj (2) ‘punom ayi o Lied moys Ajuo
Jo A1jenb Jood asam Apmis Buliojiuow punom aaleiado-1sod e ul sydeboloyd ‘aouelsul 104

‘dH9d
1o Aljenb ayy IN0ge PauIsdU0d aJe SIBPIAOId

(€) .. 191U A3} JBUM JNOQE “**SEIq JATJOJ[IS B 9q P[NOM IO, )1 Inoqe sjudred 1o
01 Suny[e} sh woJJ pa3dajoid a1 Ay} ‘7] o3k Jo1Je ‘YI[eay [BIUSW ‘Qsnge aoursqns ‘sanssi
paJe[al AJ[BNXAS INOGE SN 0) Y[} AU} UdYM JBY) STUIY) SWOS I8 AL, ‘pres 1opraoid sauQ

'SIOUIW WO} QHDd YIm
sanssi AoeAlld 1noge Paulsou0d ale sIapIAoid

(TT)'aH9d H18y1 Jo Alljenuapiyuod pue Aseald syl 1noge pauiaduod aiam sjuaned Jo 9402
Jano reyy pamoys Apnis auQ (TT'2) ‘suone|nbai Alfenuapiyuod pue Aseaud yim paijdwod
AlINy AHSOd MaIA pue 1981102 0] Buisn a1am Asy) sdde yijeaHw sy 41 Mouy 10U pIp Siualled

‘|enuap1uod pue areALld si U0I9]|02
AH9d 1184} Jay18ym IN0ge pasnjuod aJe sjuaied

Aljenuapiyuod ‘A11uandas ‘Aliend :awayr-gns Abojouyda |

(1T'0T'2)
"AH9d 1uasaid pue asuspuod 01 pasn swiyiiobe syl 1noge wsiondays pariodal Asyl

"SaLIewwNs eyep
pajewwoIne 1snJ1 Jou Aew siapinoid pue sjusied

(0T'v'2)
‘Ap1oInb ssaib0.d 118Y1 Inoge suonsanb syl Jamsue ued spuail [euipniibuol ‘aaurisul 104

"J1apinoud
11341 1981U02 0] Buiaey INoYIM suonsanb
118y} Jamsue Aew SaLiewwNnsS eiep 10adxa sjusied

(9'g'y) "a1ed juaired anoidwi pue ‘Buiew
-UOISIJap WJOJUI ‘B dARS PIN0I B1ep Jo siunowe afue| Jo asuas axew Appainb sispiaoid
djay 1241 saLrewwns eleq ‘Asuanbaliy ybiy pue ‘snoausboisiay ‘xajdwod ag ued AHOd

"uonae 0}
WIay) sana pue ajgepurlsiapun Ajpidel si 1ey erep
ay) Jo Arewiwins e paau sispiaoid pue sjuaied

salJewiwNsS e1eq :awayl-gns ABojouyda |

(9'T) uaned swes ay1 10) Burred siapinoad J1ayio Ag Junodoe
01UI U3Xe] pue pamalA ag ued Japinoid auo Aqg parelsush suonanisul juaned pue suepd ale)d

‘slapinoid ssoloe
UOI1BIIUNWWOD PUB UOITeUIPJo0d 81ed anoldwl
pINod sYH3 Bunsixa oyl parelbaiul QHOd

(0T'€'2) "pauljweans jou

SeM MO|PI0M JapInoid syl uaym xajdwod Ajbuiseasoul sem QHOd INOCe Uo1eIIUNWWOD
Japinoid-uaned pue QHOd asn 01 Buljjim $S8| aw09aq SIBPIACId "AHOd 01 puodsal

pue M3IA 0} UOITRIIUNWWOD JO SBPOW puUB SWB)SAS Juaajiip asn 1snw siapiaoid Ajuowwo)

"UOITRIISNI) PUB UOISNIUO 39Npal
Aew swialsAs Busixe ojul pajesbaiul QH9d

(01°9°¢) "‘pourweans 9q pnom ssad01d MITAII dY3 Jey) OS  SWI)SAS [BOIUYO)
3umnsIxa uo Surpqing,, 03 HOJ 1eIS)UI JeY) SWAISAS J0J 20u219Ja1d Fuons & sem alay |

"SWIASAS Bunsixes olul
pajeBalul QHOd paau siapinoid pue siusied

uoneabaqul YH3 /Ajigedadodaiu] :awayr-gns Abojouyods |

39



'2'2 d|0eL Ul palsl| SaIpnIs paiaquinu ay) 0] 43jai $82IN0S.,.

() 9S1019%9 SNOJOFIA JO JUSWIAOW AUB UBIW UBD  AJNATJOR [BOISAYd,, ‘9ourisur 10|

‘'sadA)
©lep JO SUONIUISP PazIpJepue)s Paau SISpIA0Id

(0T‘2) (eep uoniinu *6°8) 10U op elep Xa|dwod pue paLieA ajiym (8soan|b
poojq “*6°8) uonezipJepuerls 01 SaA|asLIBY] pus| sadA] erep awos eyl pabpajmoudde Aay L

"AHOd ybnoiyy Bunyis Jo usping awil ay) 8onpal
0] SaLIBLULLNS BJep PazZIpJepuels Pasu SIapIAod

(0T) sesinu ueyy sueidisAyd ul

uowwod arowr sem uondaosiad siyy Apmis auo ur Ing  ‘syuaned Yirm SS9d0€ JO pury JBy) JuBM
1uop [ * ° * aAndnisip A[[e103,, ‘9q PInom elep 1x331-93.) J9Y10 pue sabessawl 181 1]9) SI8PIN0Id
(5°T) "suonipuod yijeay Jisyl pueisispun wayl djay pjnom eyl suonssnb

1uaBun-uou 10J Japinoid 18yl YlIM a1ea1unwilod A|[ealuoida)a 01 Aljige syl payi| Slusied

‘diysuonejas jeuoissajoid

3yl asiwoldwod pinod 11 Jeay siapiroid sjiym
AHSd 113Y1 IN0ge SIapiAoId YIIM 81ed1unwiwod
AJea1uou199]8 01 uondo ay) Juem sjusired

Japinoad pue jusied Aq Adea saanjes) [euonippe padisaq :awsayl-qns Abojouyds |

40



"Juswabeuew
elep ayebajap 01 pasu AeN

‘901oe.d Jo adoas

181 JO 9pISINO s 1ey)
AH9d bBuiaiadal 1noge
SUJ32u0d [eIIYIL pue |ebaT]

"AH9d 01 Buipuodsai
usyMm ajou J1ayp
noge suonisanb aney Aejy

"AHS9d 01 sesuodsal
apInb 0] sjoo0310.d

P33N “SMOJJYI0M
Japinoud uanng

ur Arewolsna jou st H9d

'suonenis Aoushiawe
ul anjeA sey dH9d

‘sJapiInold
1810 Joj 10 sesodind

19Y]0 10J p=a139]|03 dH9d

'signop

J18y |adsip 0 AHSOd
J18y} Joyuow AjpueIsuod
01 sJapinoad Juem AN

"AHOd bunos)|od
al0jaq 1oddns

‘Buljasunod
pue uo1eINPa Yieay 1oy
AH9d 8beIaA3| URD SIBPINOId

"elep Jisy}
Bunaidisul djay pssu syusined

‘81ed
anoldwi 01 Buiew uoIsIdep 1oy
pasn aq Ued ejepelsw [en1xajuo)

"AHOd WueAs|al
ay1 Buipuelsiapun Joj ajgenjen
9q ued  ‘ejepeow [BnXa)u09,,

10 ‘wajqoud [eatulpo e
01 Bulurenad Aj1oaiIp 10U A9HJ

‘sdiysuonelal Japinoid
-juaired ay1 UsSIOM Ued QHOd

"AH9d Buipiroad Ag 1ew
9( Ued Spasu Jeuonows juaiyed

‘Burioyiuow
Jlapinoud ajejioe) ued AH9d

‘siapinoid pue
syuaned usamiaq diysuone|al

01 SS929€ 1ueMm AN pue Bulurel pasN Bunjlom ay) agueyus ued QH9d [eaiund
saAI1oadsJad
ayisoddo pjay
pue paau e paljinuapl saAnoads.aad aejiwis paseys
s1apinoad pue  pue paau e paljinuapl siapinoad
paau paljlIuspl JspINOLd  Pasu paljijuspl Jusiled sjuaned :adusbuanig pue sjusied :adusabisAuo) away_ L

dnoub Jasn pue away) 01 bBuipaodde swie|d Jo SISSYIUAS :7°Z 9|geL

41



*1011UOW-}|3S 0] Suaied
11841 JO ||e abeinodus Aey

"AH9d aAIdal
0] WOoYM woJj syusned
J019sqNS © 109]3s Ae\

. peol19A0 UOnRWIOUL,,
JO ¥SLI 3y} pue
Alj1ger] 1noge suJaguo)

"M3IN3I

AH9d Joj uaping awn ay)
90Npal 0] SpoyIaW pasN

"MAIA3I e1ep AHOd
10J s aew 0} pasN

‘dH9d

M3IA8. 0] UOIBAIOW
8onpaJ sainjonuls
9AIUBIUI pUR SMOJIoM
[ea1U1]0 JUBLIND

"SAAIUBIUI
UM anoadwi ued QHOd
MB3IA3J 0] UOITBANOIN

‘pateys

aq 1ybiw 1 AjaAIsuaIxa
MOY pue pasn

-3l ‘pasn s1 ejep 418y}
MOY IN0ge SuJaduo)

‘JusIsyIp
aq Aew QH9d buisn

pue Buios||09 Jo) S|eos

'$$9004d MalAal ay)
Buip.aebal suoneydadxe
1uaijed abeuew

0] paau SJapIA0Id

‘Sjuaiyed Jay1o JO aJed
pue sSMmojom 1dnusip
Aew asuodsal pides

10J Juswalinbal e Jeay
sJapinoud ajiym (sinoy
¥ ulyum “6°8) asuodsal
Ajawin e juem susied

"1oddns
Japiaoad pue Jsad Yyiim asealoul ued
AH9d 199|092 01 UOITRAIIOW JUaled

"gleIpawwi 10U
ale BUII01IUOW-J|3S WO} S11J8uUaq
J1 SUBM UBD UOITRAIIOW Judlied

‘dH9d
asn pue 199]|09 0] UOIEANOW
9s0] Ued siapinoid pue sjusiled

onsibo]

42



'sadA) e1ep Jo suoniuiyap
pazipJepuels pasN

'AHOd ybnoiyy

Bunyis Jo usping awn
a1 8oNpaJ 0} SalfewwNsS
elep pazipJepueis paaN

'sbumas

Jayjo ul sjeuolssajoud
aredyleay Aq snsian
sjuaned Aqg paplodal
ejep ysinbunsip oy psaN

‘dHOd
Jo Aupenb ayy 1noge
UIBLIaduN aJe SIPINOId

‘Sioulw

Wwol} dHOd Yum senssi
Aoealid 1noge urensoun

BN
9AES 0] SUONEZIensIA
9ZIWOISND 0] PasN

"[enUapILOd

pue a1eALd sI U01193]|09
aH9d 418y} Jay1eym
IN0OQe UoISNJU0D

*Japinoad
1981U09 0] Buiney
noyym suonssnb
J19y1 Jamsue Aew

salewuwins eep 19adx3

"S3LIeLLILLINS Blep pajellolne 1sni)
10U Aew siapinoid pue Sjuaited

"uoIae 0] Way)
$and pue ajgepueisiapun Ajpides
SI Jey) e1ep 8yl Jo Arewwins

© paau slapinoid pue siusied

'sJapInoid ssoloe
uoIBIIUNWWOD puR UOIRUIPIO0I
aJed anosdwi pjnod syYH3
Bunsixa ojul paresbaiul AHOd

‘uoljelisnuy pue
uoISNJUO9 adnpaJ Aew SWa)SAs
Bunsixs ojul parelbaiul QHOd

"SWIISAS
Bunsixs o1 paresbaiul QHOJ
paau siapinoid pue sjusied

‘Bufew-uoIsIdep [ealul]d
1oddns 01 Anus eyep uaied
PazIWO0ISNI paau Aew SIBPINOIG

‘AU elep
9ZIW01sSNJ 01 paau Aew sjuaied

‘diysuone|al

[euoissajoid ay)
asiwoidwod pinod ) Jesy
siopinoid 3)lym AHOd
l18y3 1nogqe sapinoid

UM 87e91uNwwo
AJeatuonnog)s

01 uondo ay) Juem sjualed

"uonipuoa yijesy

J18y) anoadwi ey siuswisnipe
91A1s841] axew way) djay

0] SUOIRZI[eNSIA 3sn UBI Sjualled
*3]qezZIWoISnd

8 0] suoleZIensIA

paau siapinoid pue sjuaied

ABojouyda

43



Inter-rater reliability between the two coders was acceptable (kappa= 0.73). All coding
discrepancies were discussed and resolved.

Three high level themes emerged regarding patient/provider needs: clinical, logistic, and
technological (Table 2.3). Thirteen sub-themes also emerged. Clinical sub-themes address
patient-provider relationships, contextual metadata, and patient/provider needs for guidance.
Logistic sub-themes address motivation and incentives, time, transparency, and provider
preferences for patient selection. Technological sub-themes address customization,
interoperability/EHR integration, data summaries, quality, security, confidentiality, and variation
in features desired by patient/provider. A total of 48 distinct claims were extracted. Claims were
grouped under one of the three major themes (16 clinical, 14 logistic, and 18 technological) and
appropriate sub-theme (Table 2.3). Each claim was classified as convergent, divergent, or
identified by only patients or only providers (Table 2.4).

There are 20 convergent claims in which patients and providers both acknowledge a need
and share similar views (8 clinical, 3 logistic, and 9 technological). This includes claims that
pertain only to patient or to provider, but that both groups discuss. For instance, in a patient-
provider relationship, emotional needs are directly pertinent to the patient, but providers
acknowledge that patient emotional needs must be met.

There are 4 divergent claims that both groups discussed from opposing perspectives (0
clinical, 3 logistic and 1 technological). For example, patients want a response to their PGHD
within a few hours, while providers fear responding that quickly would disrupt their work.

There are 5 claims identified only by patients (2 clinical, 1 logistic, and 2 technological).

There are 19 claims identified only by providers (6 clinical, 7 logistic, and 6 technological).
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Discussion

Convergence and Divergence of Perspectives

This integrative review identified three broad themes concerning patient and provider
needs around collecting and using PGHD, from 11 primary sources of quantitative and
qualitative data. Synthesis of the findings produced a set of 48 distinct claims. Half of the claims
(24 of 48) were discussed by one group only, suggesting a mutual unawareness of each other’s
needs. There were several points of convergence on claims pertinent to one group but
acknowledged by the other. For example, patients acknowledged that providers need
interoperability and EHR integration, and providers recognized that patients need education and
guidance on PGHD collection. This suggests that collection and use of PGHD is a bi-directional
relationship: patients and providers are cognizant of at least some of the other’s needs and are
inextricably linked in the PHGD process. Thus well-designed informatics solutions must include
capability for patients and providers to work with PGHD collaboratively, not in isolation.

Unsurprisingly, there were many more instances of providers noticing a patient need than
vice versa. This may reflect providers’ awareness of patient needs as a clinical skill, and of
patients’ limited knowledge of provider workflows and clinical practices. For instance, all three
claims that referred to time limitations were provider-generated; patients did not specify time as
an issue in these 11 studies.

An analysis of points of convergence and divergence found that patients and providers
agree more about clinical and technological needs than they do about logistic needs. Our analysis
suggests a general tension between patients needing more: more support, more guidance, more
feedback on data, and providers needing less: less time burden, less data to review, less liability.

There is also a suggestion that underlying anxieties surrounding PGHD and the health problems
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for which it is collected are also at odds: patients are anxious to understand their health status,
while providers are anxious about the implications of PGHD for their clinical practice, including
liability, reimbursement, and time. Finally, the findings suggest that while patients want more
flexibility with the data (which providers supported in some cases), providers still need methods

for standardizing and limiting the data received.

Sustained patient engagement as a major barrier

Patients indicated that if the data and/or the tools to collect and view it did not meet their
needs or produce some immediate benefit, their participation would be dampened or
discontinued altogether. This corroborates recent evidence suggesting that sustained engagement
with self-monitoring is a critical problem (Alkhaldi et al., 2016; Glasgow et al., 2011; Goyal et
al., 2016). There is evidence that certain subsets of patients only collect data because providers
ask them, rather than out of a natural curiosity or desire to learn (Dlugasch & Ugarriza, 2014;
Lee, 2014). In 5 of the 8 studies that evaluated a tool, the PGHD was intended for provider use
only (Table 2.4). As healthcare shifts to a patient-provider collaboration model (A. E. Chung &
Basch, 2015; Nundy et al., 2012; Schroeder et al., 2017), research is needed on factors that

contribute to sustained patient engagement with the process of collecting and using PGHD.

Significance of this review

Our analysis draws upon prior research that compared the perspectives of patients and
providers on PGHD (Cheng et al., 2015; C. F. Chung et al., 2016; Hartzler et al., 2016;
Hochstenbach et al., 2016; Kummerow Broman et al., 2015; Sanger et al., 2016), and extends
that work by generating an integrated set of needs substantiated by multiple primary sources that
may inform system requirements in future work. The findings of this review substantiate findings

from a federally-commissioned report which relied on expert opinion (ONC, January 2018b),
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with an analysis of primary source data from the two groups directly involved in collection and
use of PGHD. Rich primary data from patients and providers offers increased validity and depth
of understanding of the technical challenges, policy and reimbursement issues, need for clinical
guidelines, and lack of sustained engagement by patients recording PGHD. Furthermore, by
analyzing patient and provider needs in relation to each other, points of convergence and
divergence emerged. This information may be applied to developing systems to improve the
collection and use of PGHD through accommodating the needs of both user groups, thereby
potentially increasing the likelihood of success.
Implications for policy and design

Overall the findings suggest that expectations should be set between patients, providers,
and other relevant stakeholders (e.g., administrators, reimbursing agencies, technology vendors)
from the very beginning of the process—including identifying and reconciling differences in those
expectations. Transparency in this process may be an approach to avoid frustration and
confusion. Goals for collecting and using PGHD need to be explicit, as our findings illustrate
that these can be different. Technology vendors are advised to follow best practices for engaging
patients and providers in specifying system requirements for flexibility, standardization,
visualizations, messaging, data summarization, and integration before implementing a tool
(AHRQ, 2012; HHS, 2017). Administrators can identify and seek to mitigate workflow barriers
such as scheduling, role delegation, and scope of practice. Policymakers should analyze current
incentive structures for patients and reimbursement for providers. Future research that examines
health outcomes and cost-benefit of PGHD compared to standard care can produce the evidence

to drive policy towards incentivizing the collection and use of PGHD.
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Conclusion

Patients and providers share many common needs when collecting and using PGHD in
practice. These needs are clinical (maintain a relationship, data interpretation, contextual
metadata), logistic (motivation, negotiation, convenience/usability, and transparent provider
roles), and technological (customizable visualizations, flexible data input, electronic integration,
simple actionable data summaries, and management of data quality and security concerns).
Differences between patients and providers arose in these three main categories as well, mainly
centering on patients’ needs for reassurance, instruction, and communication with providers, as
compared to providers’ needs to limit scope of PGHD, standardize it, receive it from only certain
patients (in many cases), and have clear clinical guidelines to follow in responding to it.

Patients and providers are the two primary stakeholders directly involved with PGHD
collection and use, and their needs in this process are inextricably linked. As momentum gains
for PGHD to become fully integrated into the healthcare system, these perspectives are critical to

ensure their needs are concurrently being met.
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Chapter Three: A Theory-Driven Exploration of Factors Associated with Sustained ECG
Self-Monitoring in a Post-Intervention Atrial Fibrillation Population
In Chapter Three, the second aim of this dissertation is addressed in a quantitative
secondary data analysis evaluating associations between predictors and moderators from the
adapted UTAUT model and use of ECG mHealth technology over one year. The target journal

for this manuscript is the Journal of Cardiovascular Nursing.

Abstract
Background: Self-monitoring using electrocardiogram mobile health (ECG mHealth) has the
potential to improve detection, treatment, and management of atrial fibrillation (AF). However,
there is evidence that sustained engagement with mHealth is low, and little research has
examined reasons for low engagement, preventing the benefits of self-monitoring for adults with
AF from being realized.
Objective: To describe engagement, as well as predictors and moderators, with mHealth
technology among adults with AF during the first year of use.
Methods: We conducted a secondary analysis of data from adults with AF enrolled in the
IHEART trial who used ECG mHealth to self-monitor. Hierarchical generalized linear modeling
was used to characterize AliveCor™ use, a measure of engagement with mHealth, over one year,
and identify possible predictors and moderators of AliveCor™ use that came from an adapted
version of the Unified Theory of Acceptance and Use of Technology (UTAUT).
Results: We evaluated 132 adults with AF (mean age 62, 77% male). Subjects who experienced
more frequent AF episodes had 87% more AliveCor™ use over one year than those who

experienced fewer episodes. Perceived usefulness and AF knowledge were also associated with
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AliveCor™ use. We also found evidence of complex relationships between the distinct variables
in the adapted UTAUT model.
Conclusions: Patients who can view and understand their own data (as subjects could with
“frequency of AF episodes” in this study) may be more engaged with self-monitoring via ECG
mHealth technology over time. Due to limitations of secondary data, the complex relationships
between variables in the adapted UTAUT model may be better evaluated using data captured at
the time of most reliable data, such as during an ECG recording with mHealth.
Background and Significance

Atrial fibrillation (AF) is the most common cardiac arrhythmia encountered in clinical
practice, affecting between 2.7 and 6.1 million people in the United States (CDC, 2015).
However prevalence estimates vary enormously due to difficulty detecting AF in “real world”
settings, and current approaches for detecting and managing AF typically include brief (24-72
hours) ECG monitoring and prescheduled health visits (Turakhia & Kaiser, 2016). These
approaches are often inadequate given the sporadic, unpredictable nature of the arrhythmia, so
that AF often goes undetected and thus untreated (Olgun Kucuk et al., 2015; Turakhia & Kaiser,
2016). Failure to detect and treat AF can lead to heart failure, myocardial infarction, stroke, and
death (Olgun Kucuk et al., 2015). In fact, stroke is one of the most disabling first presentations of
undetected AF (Jaakkola et al., 2016). As such, AF represents a major public health problem,
accounting for more than 750,000 hospitalizations, 130,000 deaths, and $6 billion in costs each
year (CDC, 2015).

Mobile health technology (mHealth) is a promising approach to detect AF in a timelier
manner. As of 2018, 77% of adults in the U.S. own a smartphone and these rates are similar

across gender, race/ethnicity, income, and geographic region (Pew, 2018). Timely detection is
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needed to restore normal sinus rhythm earlier, improve disease management through medication
and lifestyle adjustments, and reduce health risks of AF such as hospitalization, stroke, or death
(Olgun Kucuk et al., 2015; Steinhubl et al., 2016). mHealth technologies, such as smartphones
and mobile devices, are ideal for assisting with self-management because they are convenient,
affordable, and widely used by many Americans (Bender et al., 2014; Pew, 2018). ECG mHealth
technology, such as the AliveCor™ device, allows individuals with AF to easily record and
transmit an ECG to their healthcare provider for review using a device that works with
smartphones. Studies have demonstrated that this technology can accurately detect and identify
arrhythmias such as AF (McManus et al., 2016; Steinhubl et al., 2016), and therefore has the
potential to assist patients with AF through timely detection of AF episodes.

However, a major barrier to timely AF detection is low sustained engagement with
mHealth. Measures of mHealth use over an extended period of time show that many users
discontinue use within three to six months of initiation, suggesting low sustained engagement
(Coa & Patrick, 2016; Glasgow et al., 2011; Mattila et al., 2013). This is a critical issue for
individuals with AF, because they must regularly record and transmit ECG data to healthcare
providers in order for AF to be detected and treated in a timely manner (Steinhubl et al., 2016;
Turakhia & Kaiser, 2016). The spontaneous, unpredictable nature of AF and its high rates of
recurrence after an intervention to restore normal sinus rhythm make sustained engagement all
the more critical for individuals with AF (Olgun Kucuk et al., 2015; Steinhubl et al., 2016).

Little is known about approaches to improve sustained engagement. Much of the existing
research on user engagement focuses on strategies to improve initial uptake rather than sustained
engagement (Ford et al., 2015; Lasorsa et al., 2016). Those that have focused on mHealth

features, such as gamification and incentives, rather than the user, have largely failed to sustain
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user engagement (King et al., 2013; Shimada et al., 2016). Recent studies have uncovered
correlates of sustained engagement, but these vary widely between studies and range from
individual characteristics (age, gender, disease characteristics, motivation, experience with
technology) to technology-related characteristics (ease of use, usefulness) (Alkhaldi et al., 2016;
Hermsen, Moons, Kerkhof, Wiekens, & De Groot, 2017; Sharpe, Karasouli, & Meyer, 2017). In
some cases study findings contradict one another, as in the case of younger versus older age in
relation to sustained engagement (Mattila et al., 2013; Pavliscsak et al., 2016; Shimada et al.,
2016). As such, there remains a lack of a clear framework for understanding and intervening
upon sustained engagement.

Therefore, we take a unique approach by guiding our investigation with a relevant theory.
The Unified Theory of Acceptance and Use of Technology (UTAUT) is a validated model that
considers individual characteristics in predicting technology acceptance and use (Venkatesh et
al., 2003). UTAUT is widely used in other applied technology settings (e.g., business, education)
and is increasingly being used in healthcare (Attuquayefio & Addo, 2014). In this study, we used
an adapted UTAUT model that is based on a model previously used to explain sustained
engagement with mHealth among an acute post-surgical population of lung transplant recipients
(Jiang et al., 2016). The specific “facilitating conditions” that Jiang et al. (2016) measured were
chosen based on the study population, and we tailored this variable as well.

In the adapted UTAUT model (Figure 3.1; see Figure 1.2 for full-size image), the
outcome of interest is sustained engagement with ECG mHealth technology. The adapted
UTAUT model contains three independent predictors of technology use. These are perceived
usefulness, perceive ease of use, and facilitating conditions: severity of AF symptoms, frequency

of AF episodes, and AF knowledge. Additionally there are three independent moderators of
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technology use: age, gender, and experience with technology. Age and gender independently
moderate the effect of all independent predictors on the outcome. Experience with technology

only moderates the effects of perceived ease of use and perceived usefulness.

Perceived Ease of Use

Sustained Engagement
with ECG mHealth
Technology

Facilitating Conditions:

- Severity of AF
Symptoms

- AF Knowledge

- Frequency of AF
Episodes

Perceived Usefulness L |

Experience with

Age Cendes Technology

Figure 3.1: The adapted UTAUT model

Objectives

Using self-monitoring with AliveCor™ as a use case for sustained engagement, the
overall purpose of this study was to describe engagement over time among adults with AF self-
monitoring using ECG mHealth technology. Specifically, we aimed to: (1) describe engagement
with self-monitoring during the first year after an intervention to restore normal sinus rhythm to
the heart, (2) identify possible predictors of sustained engagement with self-monitoring over one
year, and (3) identify possible moderation effects of age, gender, and experience with technology
on relationships between hypothesized predictors and sustained engagement with self-
monitoring.

Methods

Study Design and Sample

We conducted a secondary analysis of data collected during a single center, randomized,
controlled trial (RCT) called iPhone® Helping Evaluate Atrial Fibrillation Rhythm through

Technology (iIHEART, RO1INR014853, PI: Hickey). The original IHEART sample consists of
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adults with a history of AF. Inclusion criteria in the original IHEART trial are English or Spanish
speaking, age 18 or older, and have a history of AF in the last 30 days for which treatment
successfully restored normal sinus rhythm (Hickey et al., 2016). Exclusion criteria are
documented permanent or chronic AF, and patient found to be unstable or have other
arrhythmias on day of enrollment.

IHEART trial participants are randomized 1:1 to receive either usual cardiac care (control
group) or usual care plus mHealth (intervention group). Specifically, participants randomized to
the intervention arm received an iPhone® and cellular service plan with unlimited data/text
messaging and the AliveCor™ Mobile ECG device. The AliveCor™ device is FDA-approved
and captures a highly sensitive (98%), specific (97%), and accurate (97%) single-lead ECG
recording (Hickey et al., 2016). ECGs are recorded when the user places his or her fingertips on
the AliveCor™ device. This device is novel in that previous non-invasive remote ECG monitors
must be worn by the patient and often are too cumbersome for extended use, thus limiting the
window of time for arrhythmias to be detected (Olgun Kucuk et al., 2015; Turakhia & Kaiser,
2016).

ECG recordings captured with the AliveCor™ device are documented in a free
accompanying smartphone application (app), Kardia®, and are automatically uploaded via WiFi
or cellular network transmission to the HIPAA-compliant, secure AliveCor™ cloud. An
algorithm in the Kardia® app uses the regularity of R-to-R intervals and presence or absence of
p-waves in an ECG to identify the rhythm of each recording as either normal sinus rhythm, atrial
fibrillation, or “unclassified,” meaning the algorithm could not identify the rhythm (Javed,
Ahmad, Albert, & Stavrakis, 2018). The rhythms identified by the algorithm are reviewed and

confirmed by a cardiologist. Other arrhythmias unknown to the algorithm can be manually

54



identified by viewing the 30-second rhythm strip of the recording. Study coordinators trained in
ECG interpretation review AliveCor™ data daily through a secure portal and immediately send
clinically significant arrhythmias to the participant’s healthcare provider, and are responsible for
follow-up. During the iIHEART trial, all participants received in-person training on use of the
device prior to enroliment.

In this study, we specifically examined data from the iHEART participants who were
randomized to the intervention group and have completed the trial. Inclusion criteria for the
quantitative analysis were: (1) randomized to the intervention group in the iIHEART trial (and
therefore used AliveCor™), and (2) completion of IHEART study including six-month follow-up
surveys (for data completeness).

The study protocol approved by the institutional review board at Columbia University

Medical Center (CUMC, Protocol AAAR3165).

Data sources and Measures

Data came from the secure AliveCor™ database and surveys/demographic measures
contained in a separate IHEART database. Appendix B contains a summary of the variables from
the adapted UTAUT model and data sources used in this analysis, and Appendix C contains the
IHEART trial surveys providing data for this analysis. We collaborated with account executives
at AliveCor™ to coordinate an export of iHEART participants’ data in January 2018. The export
included images of each rhythm strip that participants captured with AliveCor™ and a file of
each user’s dated, time-stamped ECG transmissions with heart rhythm identified by the Kardia®
algorithm for each transmission. Survey data was collected on paper-based surveys at baseline
and six months. Participants completed surveys in person at CUMC, or at home and returned

them by mail. Study coordinators entered responses into a secure iIHEART database that is
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separate from the AliveCor™ database. We exported survey and demographic data directly from
the IHEART database.

Each of the variables except the outcome (use of AliveCor™) was transformed into a
binary variable to improve model efficiency and allow for easier comparison of incidence rate
ratios (IRR) in models with interaction terms. Mean and median values of each variable were
consulted in creating its binary form.

Outcome: Use of AliveCor™ for self-monitoring. In this study, ECG recordings are a
proxy for the outcome variable, AliveCor™ use over time. We selected a one-year time frame of
AliveCor™ use after examining descriptive statistics of usage data, which showed that many
participants continued using the device after completing the six-month iIHEART trial. We chose
not to include all usage data because the few participants who used AliveCor™ for several years
would have skewed the outcome variable appreciably. To account for rolling recruitment in the
iHEART trial, we normalized each participant’s start date to “day zero.” We then calculated the
number of recordings in each seven-day period since first use (e.g., week one, week two, etc.) to
create the variable: count of ECG recordings per week. Monthly use was calculated using the
same process, and histograms of counts of daily, weekly, and monthly use were compared. The
distributions of daily and monthly use were highly skewed, so weekly use was used in analyses.

Perceived Ease of Use and Perceived Usefulness. Data for perceived ease of use and
perceived usefulness came from the iIHEART Patient Experience Survey, which is administered
to all participants randomized to the IHEART intervention at study completion (six months). It
inquires about the patient’s experience using AliveCor™ during the trial. Perceived usefulness is
a binary variable measured according to the individual’s response (“yes/no”) to the question:

“Do you feel the device is beneficial?” Perceived ease of use was measured according to the
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individual’s responses to eight Likert-type questions on perceived ease of use of various aspects
of the technology (for example, portability). Response options range from one (poor) to five
(great). Overall ease of use was calculated as the mean of the responses to these eight questions.
It was then converted into a binary variable based on the mean score (less than or equal to three
indicates low perceived ease of use, greater than three indicates high perceived ease of use).

Facilitating Conditions. Data for Severity of AF Symptoms came from the individual’s
class of AF severity on Canadian Cardiovascular Society Severity in Atrial Fibrillation scale
(CCS- SAF, Cronbach’s a 0.81). This scale queries the individual’s symptoms and impact on
quality of life, and places them in a “class” of AF severity, ranging from 0 (asymptomatic)
through 4 (severe effect of symptoms on individual’s quality of life) (Harden et al., 2009). This
survey was administered at baseline and study completion (six-months), however due to a large
amount of missing data from study completion surveys, only baseline CCS-SAF data was used in
this analysis. Participants’ CCS-SAF class was converted into a binary variable in which classes
zero and one indicate low severity, and classes two through four indicate high severity.

AF Knowledge was assessed using the AF Knowledge Survey (Cronbach’s a 0.58). This
survey contains 11 items concerning AF in general, symptom recognition, and treatment
(Hendriks, Crijns, Tieleman, & Vrijhoef, 2013). AF Knowledge was measured as the number of
correct answers out of 11. This survey was administered at baseline and study completion,
however similar to CCS-SAF surveys, only baseline data was used due to missing data at study
completion. This was converted into a binary variable in which zero through seven correct
answers indicate low AF knowledge, and eight through eleven correct answers indicate high AF

knowledge.
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Frequency of AF Episodes was assessed using the cardiac rhythm of each ECG recording
(e.g., normal, AF, or unclassified) identified by the Kardia® algorithm and documented in the
AliveCor™ database. The frequency of AF episodes was calculated as the average number of AF
episodes per week over the first year of use. The weekly average provided adequate granularity
for demonstrating frequency based on preliminary data. For the final binary variable, an average
of less than or equal to one AF episode per week was considered low frequency, and greater than
one AF episode per week was considered high frequency.

Age and Gender. Age was calculated by the birthday reported on the patient’s electronic
medical record. This was converted into a binary variable in which age less than or equal to 62
years old indicated younger age, and age greater than 62 years old indicated older age. Gender
was recorded as the individual’s stated gender on demographic surveys. None of the participants
reported a non-binary gender.

Experience with Technology. Experience with technology was recorded for IHEART
study participants at baseline using a survey with ten “yes/no” questions about ownership and
use of various technologies (smartphones, Internet, text messaging). We categorized experience
according to the number of “yes” responses out of ten. A binary variable was created with eight
or greater “yes” responses indicating experience and fewer than eight “yes” responses indicating
a lack of experience.

Data Analysis

The outcome variable to represent participants’ overall engagement with technology is

the weekly count of incidents of AliveCor™ use (i.e. ECG transmissions) from baseline to one

year, and the main predictor is time (measured in weeks, from baseline to one year). Other
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predictors come from the adapted UTAUT model: perceived ease of use, perceived usefulness,
severity of AF symptoms, AF knowledge, and frequency of AF episodes.

All identifiable information was removed prior to statistical analysis. Next, descriptive
statistics of frequency, dispersion, and central tendency were calculated to characterize the
sample and AliveCor™ use. Missing data were then evaluated for randomness. Because we only
used baseline data for most of the predictors and moderators, missing data are not related to the
participants’ engagement and therefore are missing completely at random (MCAR). Two
variables, perceived ease of use and perceived usefulness, were assessed only at six-month
follow up because it required the participant to reflect on their perceptions of AliveCor™, This
missing data was therefore potentially non-random and is a limitation of the analysis.

After evaluating missing data, hierarchical generalized linear modeling (HGLM) with
Poisson distribution was used to estimate parameters of AliveCor™ use over time. This approach
was chosen because the outcome is a repeated measure (count of incidents of use) and we were
interested in examining changes over time (Dickey, 2010). First, the linear, quadratic, cubic
models of AliveCor™ use over time (i.e., linear, quadratic, and cubic terms of time as
independent variables) were evaluated. The quadratic and cubic models did not provide estimates
and the linear term was used for subsequent analyses. Second, relationships between each
predictor from the adapted UTAUT model and AliveCor™ use were tested in bivariate models
(week plus one predictor). During this step, moderators (age, gender, and experience with
technology) were also tested as main effects in bivariate models. Only predictors with p<0.25 in
bivariate analyses were included in a final parsimonious model (Bendel, 1977; Mickey &
Greenland, 1989). Third, moderators were tested in multivariate models (main effects plus one

interaction term). The significance level was set at p<0.10 for exploration of moderation effects
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(Baron & Kenny, 1986). Finally, the parsimonious model was iteratively run until all predictors
were significant at the p<0.05 level.

For reporting purposes,  estimates from HGLMs were converted to person-time
incidence rate ratios (IRR) using the formula: [exp(p)]. IRR are an approach for understanding
the number of new incidents of a phenomenon in a population over a given time period (Dicker,
Coronado, Koo, & Parrise, 2006). IRR are described in the results as the percent difference in
AliveCor™ use between high and low values of a predictor. These percent difference estimates
were calculated using the following formula: [exp() — 1] x 100 (Dicker et al., 2006; Gaskins,
Sundaram, Buck Louis, & Chavarro, 2018).

All statistical analyses were conducted using SAS statistical software version 9.4 (SAS

Institute, Inc., Cary, NC).

Results

Description of the Sample

Table 3.1 shows descriptive statistics for 132 iIHEART participants who had completed
the intervention arm of the trial. Study participants were 62 years old on average and
predominantly male, White, and English-speaking. Demographic information such as income or
education level is not available through the IHEART trial database. Study participants had a
mean body mass index (BMI) of 29 kg/m?. Participants’ mean ejection fraction (percentage of
ventricular blood pumped with each contraction, an indicator of cardiac functioning) was 52%.
The mean CHADS; score, which predicts likelihood of stroke based on past medical history and
age, was 1.88. Common co-morbid conditions among participants were hypertension (75%),

coronary artery disease (43%), sleep apnea (40%), and anxiety (27%). Nearly all participants
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reported that they owned a smartphone (91%) and a computer or tablet (93%), had high-speed

Internet access at home (96%), and were comfortable browsing the Internet (99%).

Table 3.1: Summary of Sample Characteristics (n=132)

Category Characteristic Mean (SD) Rang n %
e (total)*
Demographi  Age 62.41 27-85
C (11.15)
Characterist Gender (male) 101 77
ics (132)
Race (white) 89 (105) 85
Primary Language (English) 108 99
(109)
Clinical BMI 29.15 22-42
Characterist (5.05)
ics LVEF 52.61 15-74
(11.98)
CHADS2 score 1.88(1.36) 0-5
Procedure on enrollment 35(65) 54
(ablation)
Comorbid Conditions
Coronary artery disease 18 (42) 43
Sleep apnea 14 (35) 40
Hypertension 30(40) 75
Diabetes Mellitus 4 (35) 11
Heart Failure 8 (53) 15
TIA or stroke 7 (43) 16
Anxiety 11 (41) 27
Experience  Own cell phone 75(76) 99
with Own smartphone 69 (76) 91
Technology  Use smartphone to browse 64 (76) 84
Internet
Use smartphone for email 62 (76) 82
Ever download smartphone app 59(75) 79
w/o assistance
Send/receive text messages 73 (77) 95
Ever followed link to website 59 (77) 77
from text message
Access and use computer or 70 (75) 93
tablet at home
High speed Internet access at 74 (77) 96
home
Comfortable using computer to 75(76) 99

browse Internet
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*Accounts for missing data

Description of AliveCor™ Use

Table 3.2 shows descriptive statistics of the study participants’ AliveCor™ use over one
year. The IHEART protocol asked participants to transmit at least once daily for six months, or a
minimum target of 30 transmissions per person per month. Among 132 participants, 76 (58%)
used the device for the entire six-month IHEART trial. After one year, 55 participants (42%)
were still using the device. The mean transmissions per person per month was about 23 after one
month, 32 after six months, and 20 after one year. The median transmissions per person per

month was 9 after one month, 12 after six months, and 9 after twelve months.

Table 3.2: Descriptive statistics of the study participants’ AliveCor™ use over one year
(n=132)

Active users for entire month Transmissions per person per
Month month
Number (n)  Percentage of Total (%) Mean SD Median
1 111 84 23.02 40.41 9
2 104 79 21.80 46.03 6
3 96 73 23.73 50.26 6
4 88 67 22.84 45.54 7
5 79 60 26.24 47.40 8
6 76 58 32.41 54.55 12
7 79 60 31.02 54.76 9
8 69 52 35.73 58.27 9
9 68 52 28.92 51.35 9
10 63 48 29.45 55.56 8
11 57 43 24.80 52.25 9
12 55 42 20.35 40.27 9

Heart Rhythm Data collected with AliveCor™
Table 3.3 shows the number ECG transmissions by participants over the one-year period
in sum and stratified by rhythm type per the Kardia® algorithm. In total the 132 participants

recorded 36,810 ECGs with AliveCor™ over one year. The percentage of transmissions
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identified by the algorithm as normal sinus rhythm was 37% after one month, 44% after six
months, and 47% after one year. The percentage of transmissions identified as atrial fibrillation
was 12% after one month, 8% after six months, and 16% after one year. The percentage of
transmissions that the Kardia® algorithm was unable to identify (“unclassified”) was 51% after
one month, 48% after six months, and 37% after one year.

We also examined the proportion of participants who experienced each type of heart
rhythm during each month. The percentages were not mutually exclusive because users may
have experienced more than one rhythm type during a given month. The percentage of users with
normal sinus rhythm per the Kardia® algorithm was 71% after one month, 75% after six months,
and 73% after one year. The percentage of users with atrial fibrillation per the Kardia®
algorithm was 42% after one month, 38% after six months, and 24% after one year. The
percentage of users with “unclassified” transmissions was 92% after one month, 50% after six
months, and 27% after one year.

Table 3.3: The number and percentage of ECG transmissions collected by participants

over the one-year period in sum and stratified by rhythm type identified by the Kardia®
algorithm

Aggregated by ECG Transmissions (n=36,810)

Month | Total gf}%ﬂ Sinus Atrial Fibrillation  Unclassified

n n % n % n %
1 6392  |2385 37 768 12 3,239 51
2 4703|1888 40 528 11 2,287 49
3 3712|1617 44 391 11 1704 46
4 3175  |1333 42 340 11 1,502 47
5 3208|1217 38 394 12 1597 50
6 3029 |1326 @ 44 242 8 1461 48
7 2812 1204 46 218 8 1.300 46
8 2716|1303 48 249 9 1164 43
9 2213|1269 57 176 8 768 35
10 1729 | 966 56 177 10 586 34
11 153 | 829 54 159 10 548 36
12 1585 | 745 47 260 16 580 37
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Aggregated by Users (n=132)*

Month Total Normal Sinus Atrial Fibrillation Unclassified
Rhythm

n n % n % n %
1 111 79 71 47 42 102 92
2 104 76 73 39 38 90 68
3 96 68 71 34 35 81 61
4 88 63 72 28 32 74 56
5 79 61 77 27 34 68 52
6 76 57 75 29 38 66 50
7 79 58 73 26 33 56 42
8 69 54 78 23 33 57 43
9 68 55 81 15 22 46 35
10 63 48 76 19 30 47 36
11 57 47 82 22 39 40 30
12 55 40 73 13 24 36 27

*Percentages are calculated using the number of active users during the month (not all
users)

Simple Linear Model of Association between Time (Week) and AliveCor™ Use

Figure 3.2 shows the simple linear model of the association of time and AliveCor™ use
over one year. The parameters for this model are reported in Table 3.4. The model shows a
statistically significant but not meaningful decline in AliveCor™ use over time (IRR= 1.00;

p<0.01) among all IHEART trial intervention arm participants.
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Simple Hierarchical Generalized Linear Model:
AliveCor™ Use Over One Year
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Figure 3.2. Simple Linear Model of AliveCor™ use over Time

Predictors of AliveCor™ use

The main effects of perceived usefulness, severity of AF symptoms, AF knowledge,
frequency of AF episodes, and experience with technology tested in bivariate models were
significant at the p<0.25 level (Table 3.4). Subjects who perceived AliveCor™ as useful
recorded 50% more incidents of AliveCor™ use than those who did not perceive the device as
useful. Subjects who reported greater severity of AF symptoms recorded 36% more incidents of
AliveCor™ yse than those who reported less severity. Subjects who had more AF knowledge
recorded 28% more incidents of AliveCor™ use than those who had less knowledge. Subjects
who experienced more frequent AF episodes recorded 94% more incidents of AliveCor™ use
than those who experienced fewer episodes. Subjects who reported greater experience with
technology recorded 52% fewer incidents of AliveCor™ use than those who reported less

experience.
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Final Parsimonious Model

Construction of a final parsimonious model was based on significance levels of the
associations for each variable (Table 3.4). The initial iteration included severity of AF
symptoms. This variable was removed for p>0.05 and p=0, and results are reported in Table 3.5.
Perceived usefulness, AF knowledge, and frequency of AF episodes were significantly related to
AliveCor™ uyse at the p<0.05 level. Subjects who perceived AliveCor™ as useful recorded 57%
more incidents of AliveCor™ use than those who did not perceive the device as useful. Subjects
who had more AF knowledge recorded 48% more incidents of AliveCor™ use than those who
had less knowledge. Subjects who experienced more frequent AF episodes recorded 87% more
incidents of AliveCor™ use than those who experienced fewer episodes.

Experience with technology was not significantly related to AliveCor™ use but was
collinear with perceived usefulness and AF knowledge in the parsimonious model. When it was
removed from the model, there was a large (>10%) change in the B estimates of perceived
usefulness and AF knowledge and these variables became insignificant at the p<0.05 level. An
analogous change in B estimates was observed when comparing bivariate (i.e., week and
perceived usefulness or AF knowledge) and multivariate models (i.e., week, experience with
technology, and perceived usefulness or AF knowledge). The B estimate of frequency of AF
episodes did not change when experience with technology was removed and the variable

remained significant at the p<0.05 level.
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Table 3.5: Parsimonious Model of Associations between variables in the adapted UTAUT
model and AliveCor™ Use over One Year with Person-Time Incidence Rate Ratios

Effects B IRR 95% CI p
Week 0.002 1.00 (1.00, 1.00) <0.01
Perceived Usefulness 0.45 1.57 (1.07, 2.30) 0.02
AF Knowledge 0.39 1.48 (1.13,1.94) <0.01
Frequency of AF 0.63 1.87 (1.85, 1.89) <0.01
Episodes

Experience with

Technology -0.16 0.85 (0.35, 2.06) 0.73

Moderation Effects

Hypothesized moderators of AliveCor™ use specified by the adapted UTAUT model
(age, gender, experience with technology) were tested in multivariate models (main effects plus
one interaction term). The following models testing interactions did not converge even when less
stringent convergence criteria was specified: perceived usefulness with age and with experience
with technology, frequency of AF episodes with age and with gender, and perceived ease of use
with gender and with experience with technology. The remaining models were not significant at
the p<0.10 level. Therefore none of the hypothesized moderators were reported.

Additionally, we tested the interactions between week and high versus low values for
each predictor (Table 3.6). The models testing the interactions of week with perceived ease of
use and with severity of AF symptoms did not converge even when less stringent convergence
criteria was specified. These models were therefore not reported. Although the remaining
interactions were statistically significant at the p<0.10 level, the differences in IRR between
different values of the interaction term were extremely small and did not warrant inclusion in the

final parsimonious model.
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Table 3.6: Person-time Incidence Rate Ratios of Associations between Interactions of
variables in the adapted UTAUT model with Time (Week) and AliveCor™ Use over One
Year

Interaction Term Effects IRR p
Perceived Usefulness * Low Perceived Usefulness 0.98 <0.01
Week High Perceived Usefulness 1.00 '
Low AF Knowledge 0.99
*
AF Knowledge * Week High AF Knowledge 1.00 <001
Frequency of AF Episodes Low Frequency of AF Episodes 1.00 <0.01
* Week High Frequency of AF Episodes 1.01 '
Younger Age (< 62 years) 1.00
*
Age * Week Older Age (>62 years) 0.99 <0.01
Male 0.99
*
Gender * Week Female 1.00 <0.01
Experience with Low Experience with Technology 1.00 <0.01
Technology * Week High Experience with Technology 1.00 '
Discussion

We conducted a secondary analysis of data from the AliveCor™ smartphone device and
survey data from 132 adults with AF who completed the intervention arm of the IHEART study.
We found that subjects who experienced more frequent AF episodes reported 87% more
incidents of AliveCor™ use over one year than those who experienced fewer episodes. We also
found that subjects who perceived the device as useful reported 57% more incidents of
AliveCor™ yse than those who did not perceive it as useful. Finally, we found that subjects who
had more AF knowledge reported 48% more incidents of AliveCor™ use than those who had
less knowledge. However the nature of these relationships is difficult to assess due to limitations

in the data and the sample of subjects.
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The data from survey responses (used to measure all predictor variables except frequency
of AF episodes) were collected at a single time point, thereby failing to capture fluctuation over
time. There were also missing data due to ongoing processes in the parent study. As we have
explained, most missing data were MCAR except for two variables: perceived ease of use and
perceived usefulness, which were missing due to loss to follow up. This missing data was likely
non-random and may have biased our analysis toward higher perceived ease of use and
usefulness, because those who were lost to follow up may have been less engaged due to low
perceived ease of use and usefulness. Finally, we quantified engagement as AliveCor™ use,
which was based on ECG transmissions, but we did not have access to data on participants’ use
of other functions of the Kardia® app, such as messaging healthcare providers and reviewing
past data. Therefore some participants’ engagement may have been underestimated depending on
the features they preferred to use.

These data limitations cause us to conclude that secondary analysis of survey data
collected for other purposes may not have adequate content validity to fully characterize
AliveCor™ yse. For example, the simple linear model showed no meaningful difference in
AliveCor™ yse over time. However there were wide disparities between the mean and median
number of transmissions per person per month, and large standard deviations from the mean
(Table 3.2), indicating differences within the sample but no stable pattern of AliveCor™ use
overall. Additionally, frequency of AF episodes was the only variable that was not captured via
survey, and it was consistently significantly associated with AliveCor™ use over one year. This
variable was calculated based on AF rhythms identified by the Kardia® algorithm and was
therefore captured at extremely high frequencies. Future research should explore measurement of

constructs from the adapted UTAUT model at the time of the most reliable data, which is likely
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at the time of transmission. Data capture via smartphone app may improve upon the limitations
of survey data (e.g., missing values, recall bias, inadequate frequency of data capture).
Ecological momentary assessment (EMA) is one emerging approach for capturing real-time data
via smartphone that could overcome such limitations (Hand & Perzynski, 2016; Juengst et al.,
2015; Shiffman, Stone, & Hufford, 2008).

Our findings highlight complex relationships between the distinct variables in the adapted
UTAUT model in this unique patient population. Many of the significant independent
associations between variables from the adapted UTAUT model and AliveCor™ use later
dampened when entered together in the final parsimonious model. However none of the adapted
UTAUT moderators (age, gender, experience with technology) significantly moderated any
predictors’ relationships with AliveCor™ use. We detected collinearity between perceived
usefulness, AF knowledge, and experience with technology in the final parsimonious model. Yet
experience with technology and AliveCor™ use were negatively associated, indicating that users
with less technology experience had more incidents of AliveCor™ use over time. Together these
variables may be revealing a phenomenon that we were unable to directly measure with the data.

However, such a conclusion must be considered in light of selective criteria of the parent
RCT, which sought to limit the variability of participants with respect to demographic
characteristics, health status, experience with technology, and engagement in their care. To be
enrolled in IHEART, participants must have undergone a procedure (cardioversion or
radiofrequency ablation) to restore normal sinus rhythm to the heart. This invasive treatment may
have influenced participants to become more engaged in their care than a patient pursing medical
management alone (e.g., medications). Moreover, to be enrolled participants had to agree to use

AliveCor™, which may have excluded subjects who were less comfortable with technology.

71



Overall, our findings corroborate prior studies that characterize the relationships between
variables associated with sustained engagement as complex and unique to the patient population
being studied (Hermsen et al., 2017; Park et al., 2018; Sharpe et al., 2017). For instance, clinical
research has demonstrated that gender, age, severity of AF symptoms, and frequency of AF
episodes are interrelated in adults with AF (Dagres et al., 2007; Kaiser et al., 2016; Lip et al.,
2015). The complex relationships between variables from the adapted UTAUT model, and the
influence of these interrelationships on sustained engagement, should be explored in future
research using more complete data collected at more frequent time points.

Frequency of AF episodes was the only variable for which iIHEART participants could
view their results, as they could immediately see the rhythm identified by the algorithm through
the Kardia® app. Moreover, there was a slight increase in the number of AF transmissions
towards the end of the one-year period, while the number of users with AF transmissions
declined (Table 3.3). This may suggest that the few users who continued to experience AF
documented it more frequently with AliveCor™ over time. One possible interpretation is that
visualizing one’s own data and, through it, understanding current health status, may be a
powerful motivator for continued use of mHealth technologies. Others have found preliminary
evidence that viewing and understanding one’s own self-monitoring data is a motivating factor in
sustaining engagement with self-monitoring (Miyamoto et al., 2016; Muessig et al., 2014; Sharpe
etal., 2017). This is an approach that has yet to be well explored and warrants future
investigation given the explosion of available PGHD in recent years (Lai et al., 2017; Wood et
al., 2015).

Our findings also suggest that AF knowledge and perceived usefulness, which are

modifiable factors, are related to AliveCor™ use. mHealth design is one approach to target these
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factors. For instance, educational modules can be embedded in applications to enhance AF
knowledge. Consistent with the interpretation that health data presented back to the user may
motivate further self-monitoring, an individual’s own data can serve to increase AF knowledge,
as well. For example, data can be used to teach patients about the well-documented poor
correlation between AF episodes and perceived symptoms (Barrett et al., 2014; Simantirakis et
al., 2017). These data could also increase perceived usefulness by demonstrating how continued
self-monitoring positively influences an individual’s health outcomes. Qualitative research with
AliveCor™ users may uncover additional design opportunities to target AF knowledge and

perceived usefulness.

Conclusion

In this study we found some qualified evidence of differences in AliveCor™ use among
adults self-monitoring AF using ECG mHealth technology. Additionally, we found some
evidence validating the predictors in the adapted UTAUT model in relation to AliveCor™ use. In
future work approaches for frequent, real-time data capture through mHealth technology, such as
EMA, may provide more robust data for the adapted UTAUT model to be evaluated in the
context of sustained engagement. Importantly, we found that the sole variable that was
consistently significantly related to AliveCor™ use, frequency of AF episodes, is also the only
variable that was shared with patients via mHealth after being collected (compared to survey data
that is not shared). Given the rapid increase in PGHD and mHealth technologies to capture
PGHD, the possibility that viewing and understanding one’s own data is a motivating factor in

sustaining self-monitoring warrants further investigation.
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Chapter Four: Factors Influencing Sustained Engagement with ECG Self-Monitoring:
Perspectives from Patients and Healthcare Providers

Chapter Four of this dissertation addresses the third aim by exploring individual patient
differences in sustained engagement among adults with AF who are collecting and using PGHD,
as well as potential approaches for improving sustained engagement. This manuscript is
currently under review at Applied Clinical Informatics.

Abstract

Background: Patient-generated health data (PGHD) collected digitally with mobile health
(mHealth) technology has garnered recent excitement for its potential to improve precision
management of chronic conditions such as atrial fibrillation (AF), a common cardiac arrhythmia.
However sustained engagement is a major barrier to collection of PGHD. Little is known about
barriers to sustained engagement or strategies to intervene upon engagement through application
design.
Objectives: To investigate individual patient differences in sustained engagement among
individuals with a history of AF who are self-monitoring using mHealth technology.
Methods: This qualitative study involved patients, healthcare providers, and research
coordinators previously involved in a randomized, controlled trial involving ECG self-
monitoring of AF. Patients were adults with a history of AF randomized to the intervention arm
of this trial who self-monitored using ECG mHealth technology for six months. Semi-structured
interviews and focus groups were conducted separately with healthcare providers and research
coordinators, engaged patients, and unengaged patients. A validated model of sustained
engagement, an adapted Unified Theory of Acceptance and Use of Technology (UTAUT),

guided data collection and analysis through directed content analysis.
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Results: We interviewed 13 patients (7 engaged, 6 unengaged), 6 healthcare providers, and 2
research coordinators. In addition to finding differences between engaged and unengaged
patients within each predictor in the adapted UTAUT model (perceived ease of use, perceived
usefulness, facilitating conditions), four additional factors were identified as being related to
sustained engagement in this population. These are: (1) personality/ behavioral tendencies, (2)
relationship with healthcare provider, (3) supportive environments, and (4) feedback and
guidance.
Conclusions: Although it required some modification, the adapted UTAUT model was useful in
improving understanding of the parameters of sustained engagement. The findings of this study
provide options for the design of applications that engage patients in this unique population of
adults with AF.
Background and Significance

An increasing number of patients are using mobile health (mHealth) technology,
including smartphones and other connected devices, to generate data that provide a rich account
of their day-to-day health (Bhavnani et al., 2016; NIH, 2015; Silva, Rodrigues, de la Torre Diez,
Lopez-Coronado, & Saleem, 2015). These data, termed patient-generated health data (PGHD),
may include physiologic measures, symptoms, and lifestyle data (Lai et al., 2017; Woods et al.,
2016). PGHD has garnered excitement for its ability to uncover fluctuations in health-related
factors that may play an important role in an individual’s health and wellness (Arsoniadis et al.,
2015; Howie et al., 2014; Lavallee et al., 2016; Shapiro, Johnston, Wald, & Mon, 2012). PGHD
also is valuable for centering care on the patient and their unique environmental, lifestyle, and

biological circumstances (Lavallee et al., 2016; Sanger et al., 2016). As such, PGHD holds
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particular promise for precision management of individuals living with chronic conditions
(Antman & Loscalzo, 2016; Hull, 2015).

One condition for which PGHD could be particularly valuable is atrial fibrillation (AF),
the most common cardiac arrhythmia encountered in clinical practice (CDC, 2015). AF is
difficult to capture outside the clinical setting because it requires documentation via
electrocardiogram (ECG) and is poorly correlated with patient-reported symptoms (Kirchhof et
al., 2017; Simantirakis et al., 2017; Verdino, 2015). Moreover, AF is deeply influenced by
modifiable lifestyle factors such as alcohol use and obesity (Go et al., 2001; Huxley et al., 2011).
Thus, PGHD can improve patient self-management of the arrhythmia, while also offering clinical
benefits to providers seeking to improve detection and tailor care based on the unique
characteristics of the patient (Olgun Kucuk et al., 2015; Turakhia & Kaiser, 2016).

Sustained patient engagement with self-monitoring using mHealth technology is
necessary to generate adequate health data to enable precision management (ONC, 2016). Yet
evidence shows that patient engagement is low over time, with many patients abandoning self-
monitoring within three to six months of initiation (Glasgow et al., 2011; Mattila et al., 2013).
There is a gap in understanding factors that contribute to sustained engagement, as much of the
extant literature focuses solely on initial uptake of technology (Ford et al., 2015; Lasorsa et al.,
2016). Moreover, engagement research has had minimal success improving sustained
engagement mainly using generic design tactics, such as gamification and incentives (e.g.,
points, money), that forgo consideration of unique patient characteristics (King et al., 2013;

Shimada et al., 2016).
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Objectives
The purpose of this study was to investigate individual patient differences in sustained
engagement among individuals with a history of AF who are self-monitoring using mHealth
technology. Specifically, we aimed to uncover factors that are associated with sustained
engagement in this unique patient population through qualitative focus groups and interviews
guided by a theoretical model. We also aimed to uncover potential approaches for improving
sustained engagement.

Methods

Theoretical Model

Our investigation of sustained engagement was guided by the Unified Theory of
Acceptance and Use of Technology (UTAUT) model (Venkatesh et al., 2003), which has been
used in multiple health care studies (Kim, Lee, Hwang, & Yoo, 2016; Lin et al., 2016; Ma, Chan,
& Chen, 2016). In our study we used a version of UTAUT that was adapted specifically for
sustained engagement (Jiang et al., 2016). In the adapted model (Figure 4.1; see Figure 1.2 for
full-size image), the predictors of sustained engagement with ECG mHealth technology are
perceived ease of use, perceived usefulness, and three facilitating conditions tailored for our
patient population: (1) AF knowledge, (2) severity of AF symptoms, and (3) frequency of AF
episodes. Age and gender moderate the relationships between all predictors and the outcome,
sustained engagement. Experience with technology moderates only the relationships of perceived

ease of use and perceived usefulness with the outcome.
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Figure 4.1. The adapted UTAUT model

Study Design and Sample

This qualitative descriptive study used focus groups and individual interviews with
patients, healthcare providers (nurse practitioners and physicians), and research coordinators
involved in the iPhone® Helping Evaluate Atrial Fibrillation Rhythm through Technology trial
(IHEART; RO1INR014853, PI: Hickey). This is an ongoing, five-year randomized, controlled
trial of adults with a history of AF who have undergone a procedure to restore normal sinus
rhythm to the heart (Hickey et al., 2016). They are randomized 1:1 to receive usual cardiac care
of periodic electrocardiograms (ECGSs) during office visits (control group) or usual cardiac care
plus remote monitoring using the AliveCor™ device (intervention group). This device works
with an accompanying smartphone application (app) to capture heart rate and rhythm via a
single-lead ECG. Patients can use the app to document symptoms experienced during an ECG
recording, or potential triggers of an AF episodes (e.g., exercise). IHEART intervention arm
participants were asked to use the AliveCor™ device once daily for six months but had the
option of continuing beyond this period.

We recruited a convenience sample of iHEART intervention group participants who

completed the trial within the past two months (to minimize recall bias). Healthcare providers
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and research coordinators were recruited because of their potential for insights into patient
engagement stemming from their close connection to patients during the trial.
Recruitment and Data Collection

After obtaining institutional review board approval, the primary author (M.R.) and the
IHEART principal investigator (K.H.) identified potential participants and contacted them via
telephone. Engaged patients, unengaged patients, and healthcare providers/research coordinators
were recruited into separate sessions to facilitate candidness and comparison of engaged and
unengaged patients. The level of engagement was determined by examining the HIPPA-
compliant, web-based AliveCor™ portal. We defined the engaged patient as one who used
AliveCor™ at least once per day on average during the trial. We defined the unengaged patient
as one who used the device less than once per day on average.

Focus groups and interviews were conducted and analyzed until data saturation was
reached. Each session lasted 30-60 minutes and was conducted in a private space at a large,
urban academic medical center or over the phone when needed due to travel or scheduling
reasons. The primary author moderated all sessions. A second researcher (K.T.H. or J.M.) was
present for a subset of the sessions to ensure rigor in data collection. Participants received a $20
Visa gift card for participation. Discussions were guided by interview/focus group guides
developed to elicit understanding on each factor in the adapted UTAUT model (Appendix D).
All focus groups and interviews were audio-recorded, transcribed verbatim, and spot-checked by
the primary author (M.R.) for accuracy.

Data Analysis
The transcripts were analyzed by directed content analysis. This method uses factors

from a relevant theory to guide data collection and analysis. Research/interview questions are
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focused to allow rich exploration of the theory, but the technique does not preclude findings that
may not fit the pre-selected theory (Graneheim & Lundman, 2004; Hsieh & Shannon, 2005).
Following this approach, the primary author (M.R.) created a preliminary codebook of themes
based on the factors described in the adapted UTAUT model, with separate sections for each
participant group (engaged patients, unengaged patients, and providers/research coordinators).
She then coded all transcripts to this codebook and separately reported new themes that emerged.
Two additional analysts (D.B., M.B.) with no prior knowledge of the adapted UTAUT model
independently coded two transcripts using open coding (e.g., no a priori codes) to verify that the
emergent themes they identified were congruent with the preliminary codebook. The primary
author then provided them with the preliminary codebook and they used directed coding to
analyze three additional transcripts each, while identifying and separating themes that emerged
outside of this codebook.

At each stage, codes were compared and any discrepancies in coding were discussed and
resolved. Inter-rater reliability was calculated to quantify coder agreement during directed
coding, which was high (0.87-0.98). In addition, all analysts identified and reported on
similarities and differences between participant groups because both variability and consistency
in perspectives were considered valuable in advancing understanding of the theoretical model.

All data was analyzed using NVivo 11 (QSR International, Inc., Burlington, MA).

Results

Description of the Sample and Overall Engagement
We interviewed a total of 21 individuals: 13 patients (7 engaged, 6 unengaged); 6
healthcare providers; and 2 research coordinators. We conducted 13 individual interviews:10 via

phone with patients; 1 in-person with a patient; and 2 in-person with healthcare providers. We
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also conducted two in-person focus groups: one with 2 unengaged patients; and one with 4
healthcare providers and 2 research coordinators.

Healthcare providers in this study included 4 nurse practitioners and 2 physicians. They
had, on average, 22.7 years (range: 20-27) of clinical experience and 18.3 years (range: 13-25)
working in the electrophysiology clinic from which iIHEART participants were recruited. The 2
IHEART research coordinators reported 3 and 25 years of clinical research experience
respectively.

Patients were predominantly male (85%) and middle- to older-age (mean 65.3 years,
range 50-76), which reflects the demographics in the electrophysiology clinic from which they
were recruited. Engaged and unengaged patients had approximately the same age and gender
composition. Participants were asked a series of questions regarding their experience with
technology at baseline in the IHEART trial. The patients in this study reported having experience
with technology: all reported owning a cell phone and 78% owned a smartphone. All reported
experience searching the Internet for health-related information, and all had a computer or tablet
in their homes.

Engaged patients used AliveCor™ 31.2 times per month for an average of 11.9 months,
compared to 24.1 times per month and for an average of 9.3 months among unengaged patients.
Figure 4.2 illustrates trajectories of AliveCor™ use over time, showing a clear difference in
engagement between two groups despite a high level of engagement overall. Most engaged
patients expressed intention to continue using the device indefinitely: “I’m still using it right
now. And I’m planning to sign up to use it after the trial period...it’s a big help for me!” —

Patient 3 (engaged). Conversely several unengaged participants used the device for shorter
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periods of time: “I would take a guess it was three weeks, maybe four weeks.” —Patient 1

(unengaged).
Useoff AliveCor ™Il EngagediahdUnengagedPatients Legend
90 Unengagedipatients
M Engaged@atients

Number @f ECGRecordings

Month

Figure 4.2. Trajectories of engagement among IHEART participants interviewed in this study

Factors Associated with Engagement in the adapted UTAUT Model

First, we describe themes associated with sustained engagement found in the adapted
UTAUT model. We then describe emergent themes not specified in the adapted UTAUT model.
Illustrative quotes by theme and sub-theme are presented in Appendix E.

Ease of Use.
Similarities in Ease of Use. Both engaged and unengaged patients reported that the

AliveCor™ device was easy to use with minimal, if any, learning curve. They reported that data
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capture and sharing was simple with the device, and the lightweight design made it portable and
therefore easy to capture ECGs quickly, easily, and virtually anywhere. Despite general ease of
use, some technical challenges arose for most patients. The primary challenge they reported was
difficulty transmitting an ECG due to poor connectivity between fingertips and the device, or the
device and the application. This led to poor-quality readings and vague output from the rhythm-
identifying algorithm (e.g., “Unclassified”’). Another problem they described was background
noise interference when symptoms were recorded through voice-enabled technology. Healthcare
providers and research coordinators also reported that patients experienced these technical issues.

Differences in Responses to Technical Issues. The main difference between engaged
and unengaged patients was in their attitude towards handling technical issues. All engaged
patients reported on the strategies they used for dealing with challenges related to transmission
and connectivity, such as moving away from other electronic devices or cleaning their fingers.
Some stated that this helped them avoid becoming anxious. Conversely, many unengaged
patients expressed frustration and anxiety as a result of technical issues, as one patient described:
“I didn’t feel safe in my ability to get accurate readings.” —Patient 1 (unengaged).

Differences in Healthcare Provider Feedback. Many engaged patients reported
receiving a small yet adequate amount of guidance from healthcare providers, which allowed
them to handle abnormal readings and vague algorithm output: “I did have several false
readings...[the doctor] said don’t pay attention to those...He took that off the table for me to
worry about.” —Patient 9 (engaged). Most unengaged patients, however, reported little to no
feedback from healthcare providers to help them overcome these technical issues. In fact, many
stated they were unsure if healthcare providers or study coordinators were even receiving their

data. For some, this was the direct reason for abandoning the device, as one participant
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explained: “I stopped because it said unclassified and...nothing was happening. And I was going
insane. What was going on? I wanted feedback.” —Patient 11 (unengaged). All providers stated
they acknowledged this need but also pointed to time being a limiting factor in their ability to
provide constant feedback to patients.

Usefulness of the Technology.

Similarities in Usefulness of Identifying Rhythm. Most participants in both groups
understood how difficult AF is to identify without an ECG. For this reason, they reported that
AliveCor™ was useful in giving definitive rhythm identification, or “proof,” as one patient
called it. As a result, most patients stated that these data had a comforting effect, which providers
also reportedly recognized.

Differences in Insights and Perceived Value of the Data. A major difference we found
between engaged and unengaged patients was their ability to independently use the data they
were collecting. Many engaged patients reported seeking further insights from the data beyond
basic heart rhythm, and stated that the value of the data was a reason for sustained use:
“Sometimes I'll forget to take the medication but I never forget [AliveCor™]... Because | value
the feedback that it gives me tremendously.” —Patient 13 (engaged). Conversely many unengaged
patients described confusion and difficulty interpreting their data: “When I stopped, I think part
of it was getting the message unclassified kind of made wonder what the utility of this thing
was.” —Patient 10 (unengaged). Even if confusion did not arise, some unengaged patients did not
attach value to insights beyond rhythm identification: “I’m blissfully unaware of other stuff that I
should want to know... I don’t know if there’s any other data that would be meaningful to me.” —

Patient 2 (unengaged).
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Differences in Healthcare Provider Feedback. Many engaged patients reported sharing
insights about their data (described as “the signals and symptoms” by one patient) with their
healthcare providers to tailor their self-management and medical care. Most providers
recognized this as supporting the usefulness of the device: “We can try to sort out why they’re
having this rhythm problem and identify any triggers.” —Provider 5. Most unengaged patients
reported the need for interpretation to make the data useful, but expressed that they lacked
adequate provider feedback. This led to anxiety and even distrust towards providers and
researchers: “It seemed like a one-way street where you guys were just taking my information
and I’m out there on my own.” —Patient 1 (unengaged). All providers recognized a tendency for
data to cause anxiety and distrust, and sometimes reportedly discouraged anxious patients from
continuing to monitor as frequently: “L, in fact, encourage them to not check it as often— it just
doesn’t serve any purpose besides potentially causing more anxiety about it.” —Provider 5.

Facilitating Conditions.

AF Severity: Long AF histories but varying proactive behaviors. Many patients in both
groups reported living with AF for long periods of time but differed in how they reacted. Most
engaged patients proactively changed behaviors, including healthier diets, abstaining from
known AF “triggers” (e.g. drinking alcohol), and self-monitoring using AliveCor™ more
frequently depending on clinical acuity: “I tried to use it every morning right after the
ablation...As my rhythm returned to just a bunch of more normal kind of activity it became
something I checked less.” —Patient 9 (engaged). In contrast many unengaged patients reported
being easily discouraged by their AF recurrence, which they said caused them to self-monitor

less and instead rely on office visits with providers for rhythm monitoring: “I’m no longer in AF,
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at least, each time that I’ve been checked... I go in about every six weeks, just to be checked.” —
Patient 1 (unengaged).

Some providers observed that patients might appropriately decrease use over time if their
heart rhythms became stable, indicating less AF severity: “It’s not that they lost interest. The
issue is that for the clinical part... treatment is achieved and the patients are doing well...They’re
not less engaged, they’re appropriately using it.” —Provider 1. They also pointed out, however,
that this was only the case for patients who were truly clinically stable. If patients did not
consider their clinical acuity, they could inappropriately discontinue use.

AF Knowledge: Differences in Uncovering Self-knowledge. Most patients had high
levels of knowledge about AF in general. In fact, healthcare providers described the participating
patients as “very sophisticated and educated” (Provider 6). However patients’ knowledge of
personal physiology and self-management needs (self-knowledge) varied. Approximately half of
engaged patients stated that their self-knowledge improved through self-monitoring: “I think that
what changed was my sense of how this problem was affecting my day to day life”—Patient 13
(engaged). Most unengaged patients, however, relied on healthcare providers to understand their
unique physiology and needs “[My doctor] had told me that relatively speaking [caffeine is] the
least effective trigger for me. He said alcohol is the worst and it definitely is, there's no
question.” —Patient 7 (unengaged).

AF Symptoms: Driving Use for Unengaged Patients. The majority of the patients in
both groups understood that poor correlation between AF symptoms and AF episodes (Barrett et
al., 2014; Dekker et al., 2016; Simantirakis et al., 2017) was a reason to use AliveCor™ to
identify their true cardiac rhythm. Many engaged patients appropriately considered their actual

ECG data versus their symptoms in determining whether to continue using AliveCor™.
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Conversely, for many unengaged patients, use was driven by symptoms. They interpreted lack of
symptoms as a sign of wellness and a reason to stop using AliveCor™. Alternatively, some
patients experienced symptoms that they attributed to AF when they were in a normal rhythm,
causing them to use AliveCor™ too frequently. One unengaged patient described how perceived
symptoms caused anxiety: “I probably used it too much because every time | have chest pain, |
just pull it out. And after a while, I just stop that...Because I can’t be doing it all the time.” —
Patient 5 (unengaged). Healthcare providers noticed this tendency: “They are not always in A fib
when they do document symptoms... what they perceive to be something is not always the case.”
—Research Coordinator 2. Most unengaged patients expressed more confusion about their
symptoms, describing them as unclear, inconsistently related to AF, and shifting over time.
Moderators: Age, Gender, and Experience with Technology. Some healthcare
providers and patients stated that they thought that age would influence ease of use and
usefulness. Yet no patient described their own age as being an impediment to AliveCor™ use,
and most providers expressed confidence in their patients’ ability to use the device regardless of
age: “I’ve been surprised by how easily patients even in their 60’s, 70’s and 80’s have adopted
using this.” —Provider 6. Similarly, both engaged and unengaged patients described comfort with
technology, and many even reported tracking other aspects of their health with wearable devices
and mobile applications. Even patients who did not consider themselves ‘tech savvy’ expressed
comfort using AliveCor™, commenting on its simple design: “I picked it up very easily. It was
simple. And I’'m not very good—I can’t even program a remote control.” —Patient 5
(unengaged). Healthcare providers and research coordinators agreed that tech savvy was

unimportant if patients’ “enthusiasm for their care is there” -Research Coordinator 1. Unlike
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these other moderating factors, no participant explicitly discussed gender in the context of

engagement with technology.

New Findings

Personality traits and behavioral tendencies. Common patient personality traits and
behaviors emerged during the analysis. Most patients in both groups expressed as a sense of
concern about their health. All considered themselves a part of the collaborative disease
management process: “I’d like to live a long healthy life and being 50 years old, it’s time to
make a change. I'm hoping...I can continue to have a quality of life as I grow older.” —Patient 4
(engaged). However, concern for one’s health tended to escalate to anxiety for many unengaged
patients, which healthcare providers corroborated: “Once they see something unusual from the
baseline...they panic...they call right away.” —Provider 1.

Relationship with Healthcare Provider. Most engaged patients described positive
working relationships with their healthcare providers. They stated that either they had a strong
relationship prior to using AliveCor™, or the device and the data it generated improved the
collaborative relationship between the patient and the providers. One patient said: “With the
AliveCor™ device at Columbia, I feel like I am, you know, 99% in tune with them, or they with
me, because it just gives them such important information.” —Patient 6 (engaged). Some engaged
patients also stated that the device improved collaboration between members of their care team.
Unengaged patients more frequently described relationships with providers that were less
collaborative and more patriarchal. They described skepticism and a need to advocate for
themselves: “I wish they would listen to me. I don’t think they have any idea what to do with me.

They’re not looking at the whole picture.” —Patient 5 (unengaged).
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Creating Supportive Environments. Both engaged and unengaged patients described
routines and reminders to integrate self-monitoring into daily habits. Many kept the device in the
same place as a physical cue to make self-monitoring with AliveCor™ part of their “daily
ritual,” as one patient called it. Others took the device with them to spot-check if they
experienced symptoms.

However all engaged participants reported they maintained these environments, even
when busy or travelling: “If I've missed the night I know to do it early in the morning and then
just do twice the next day. It’s rare...If I'm traveling I’ll take it with me.” —Patient 8 (engaged).
Moreover, most engaged patients, as well as healthcare providers, described supportive networks
of friends and family as being critical in sustaining engagement with technical support and
reminders: “Remembering was difficult but my wife was very helpful in the evenings and in the
mornings.” — Patient 13 (engaged). Alternatively, most unengaged participants described busy
schedules and travelling as interfering with use: “On weekends I didn't do it...from the
beginning [ wasn't doing it every day. I guess, I just forgot it. I don’t take it to work.” —Patient 11
(unengaged). Few discussed support from family members, friends, or providers to help them to

use the device regularly.

Discussion

Summary of Findings

In this study we found similarities and differences between engaged and unengaged
patients who used AliveCor™ mHealth ECG technology to self-monitor their AF, which were
corroborated by their healthcare providers and research coordinators. All patients described the
technology as easy to use and useful on a basic level. All had long AF histories and high AF
knowledge, including about the poor correlation between AF episodes and AF symptoms.

Nonetheless, distinct and nuanced patterns emerged that distinguished engaged patients from

89



unengaged patients. Unengaged patients were generally frustrated by technical issues and
confused by their heart rhythm data. Most lacked a supportive environment and strong
relationships with their healthcare providers to help mitigate these issues, and their concern for
their health tended to escalate into anxiety, causing abandonment. Their clinical characteristics,
such as their long AF histories, AF symptoms, and knowledge of their unique physiologies (self-
knowledge), were also related to their low sustained engagement. Conversely, most engaged
patients were uninhibited by technical issues and able to interpret their data on deeper levels.
They described supportive environments that promoted engagement, including reminders and
habits, social support, and strong relationships with healthcare providers. They viewed self-
monitoring as important in addressing their long AF histories, regardless of their perception of

symptoms, and reported the data they collected increased their self-knowledge.

Fit With the Adapted UTAUT Model

This study found that the adapted UTAUT model adequately describes predictors of
sustained engagement in this population. We found differences in the hypothesized predictors of
sustained engagement (ease of use, usefulness, and the three facilitating conditions: severity of
AF symptoms, AF knowledge, frequency of AF episodes) between engaged and unengaged
patients. For our population, the hypothesized moderators (age, gender, and experience with
technology) appeared less influential in the relationship between predictors and sustained
engagement than we anticipated. This could be a reflection of a lack of variability within the
study sample, as survey data indicated that participants were similar in age and experience with
technology, and were predominantly male.

Our findings suggest that four additional factors may contribute to sustained engagement

in this population. Three of the four appear to operate as facilitating conditions. First, patients’
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personalities and behavioral tendencies, particularly concern about health, were either a
motivating force (as they were for engaged patients), or a mitigating force when concern
escalated into anxiety (for some unengaged patients). Second, supportive environments, when
present, fostered sustained engagement. A lack of such an environment was described as a reason
for non-use among unengaged patients. Third, patients’ relationships with their healthcare
providers, which ranged from collaborative (engaged patients) to deferential (unengaged
patients), influenced sustained engagement. The fourth factor, feedback from healthcare
providers, was discussed in the context of both perceived ease of use and perceived usefulness,
and thus may have a moderating effect on these predictors. Specifically, unengaged patients
wanted healthcare providers’ feedback to mitigate technical issues and improve understanding of
data, and stated that a lack of feedback was a primary reason for non-use.

The original, unadapted UTAUT model contained factors that were condensed or
eliminated in the adapted UTAUT model upon which we based our study (Jiang et al., 2016).
Three of the four additional factors that emerged in this study align with those eliminated from
the original UTAUT model. Specifically, individuals’ internal values and supportive
environments are two facilitating conditions in the original UTAUT model. “Social influence” is
also present in the unadapted UTAUT model, which broadly aligns with the patient-provider
relationship factor that we identified (Venkatesh et al., 2003).

Relationship to Prior Work

To our knowledge this is the first study to use qualitative, primary source data to generate
a comprehensive list of factors related to sustained engagement with mHealth in a specific
patient population. Jiang et al. (2016) first used an adapted UTAUT model to predict sustained

engagement among lung transplant patients. We extend their work by validating the utility of the
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adapted model in a different patient population and, by doing so, identified additional factors
relevant to sustained engagement.

Recent studies that examined sustained engagement using quantitative methods (such as
surveys) have not captured nuanced influences on engagement. For instance, technology-related
factors such as perceived ease of use and perceived usefulness have previously been identified as
important correlates of sustained engagement (Hermsen et al., 2017; Sharpe et al., 2017). Our
qualitative study uncovered subtle differences between engaged and unengaged patients, such as
the depth of their insights from the data or their ability to troubleshoot technical issues. Another
study found evidence that internal motivation, a construct from self-determination theory, is
critical for sustained engagement (Coa & Patrick, 2016). While this aligns with our finding that
concern for one’s health was an internal motivator for all our patient subjects, some became
frustrated or confused by self-monitoring, and the resulting anxiety dampened their engagement
over time. The relationship between internal motivation and sustained engagement therefore
warrants future research in different populations in which internal motivation may be more

variable.

Implications for Design

An understanding of factors related to sustained engagement may be useful in tailoring
design of self-monitoring applications. Table 4.1 maps these factors to specific design
implications, which include two major approaches. A first set of approaches focuses on feedback
that unengaged patients reportedly lacked. These include links to online communities that might
facilitate patient-to-patient communication, or application-based messaging with healthcare
providers that might improve patient-provider communication and overall relationship. This is a

controversial option, however, given the well-documented time, liability, reimbursement, and
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scope of practice issues that providers cite in response to application-based messaging (M. J.
Reading & Merrill, 2018).

A second set of approaches focuses on automation to satisfy needs described by patients.
These include tested solutions that have yet to be implemented for self-monitoring. For instance,
clinical decision support, previously developed to support healthcare providers (Beeler, Bates, &
Hug, 2014; O'Sullivan, Fraccaro, Carson, & Weller, 2014), could guide patients’ interpretation
and evaluation of their own clinical presentation through the data. Infobuttons, which are widely
used in electronic health records (EHRs), merit application to mobile health applications (Long,
Hulse, & Tao, 2015; Teixeira, Cook, Heale, & Del Fiol, 2017). Interactive visualizations that
help individuals make sense of large amounts of complex data, have potential applications to

patient-generated health data (Gotz & Borland, 2016; Woods et al., 2016).

In this study all subjects, including providers and research coordinators, noted that the
feature for recording symptoms and triggers within Alivecor™ was difficult to use. However the
relationship between AF symptoms, episodes, and triggers varies by individual (Barrett et al.,
2014). If application design eases capture of AF symptoms and triggers, those data points could
be triangulated with ECG data to discover manifestations of AF unique to the individual.
Visualizations developed to enhance understanding of these triangulated data could improve AF

management (Gotz & Borland, 2016).
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Table 4.1: Design Options for Sustained Patient Engagement guided by the Adapted UTAUT Model

Feedback Automation

. . Additional .
. Messaging Patient Interactive
Factor Online . o relevant
. with decision- Info Buttons data
communities . data . o
provider support visualizations
capture

Perceived
Ease of Use
Perceived
Usefulness

AF Severity*

v v

v v v v

AF
Knowledge*
AF
Symptoms*
Personality/
behavioral v V4
tendencies*

Relationship

with v

provider*
Supportive
environment*
Feedback and
guidance** v v
*Facilitating Condition; **Moderator

v v v v

Implications for Research

Our findings suggest a number of new lines of inquiry regarding sustained engagement.
Healthcare providers observed there is a time to appropriately stop self-monitoring (if clinically
stable for an extended period of time). For what length of time do patients actually need to self-
monitor to receive a clinical benefit for specific conditions? Previous work has identified exact
durations of remote monitoring necessary to diagnose or manage arrhythmias with implantable
cardiac devices (Cheung, Kerr, & Krahn, 2014; Tung, Su, Turakhia, & Lansberg, 2014; Turakhia
et al., 2013), but overall this issue is inadequately studied in the self-monitoring space. While we
have identified a number of application design features that can target engagement, there remains

the larger philosophical question of whether sustained engagement should be the goal for each
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patient. Patients and healthcare providers alike noted that anxiety could overcome utility for
some patients. Others have found similar negative emotional responses to self-monitoring
(Ancker et al., 2015; Purtzer & Hermansen-Kobulnicky, 2016). While thoughtful design of
applications that improve communication and information regarding the data may help, it will
not mitigate anxiety for all patients. In such cases, the risk of continued anxiety, which itself is a
risk factor for AF recurrence, may outweigh any clinical benefit of self-monitoring for the
patient.
Limitations

This study had some limitations. First, while we attempted to classify patients’
engagement from their behavior recorded in the AliveCor™ portal, more precise classification of
engagement was not possible because raw usage data was not available. We may have
inadvertently misclassified some patients’ engagement. Second, this patient population was
uniquely well educated regarding their arrhythmia and highly engaged in their care overall. They
were also predominantly male, middle- to older-age, and moderately to extremely comfortable
with technology. Our sample therefore had little variability and tended towards high engagement
with self-monitoring. While we made every attempt during our analysis to bracket biases that
resulted from these sample characteristics, our findings are likely not generalizable to other
patient populations. We have demonstrated that theoretical models guiding data analysis always
need to consider the unique patient population being studied.

Conclusion

This study provides insights on factors related to sustained engagement in a unique

population of adults living with AF. We found evidence that the UTAUT model can serve as a

valid framework for understanding sustained engagement, though it requires modifications to
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account for the patient population in consideration. The theory-driven findings we elicited can
guide design and development of mobile application interfaces for self-monitoring to engage
adults living with AF for a sustained period of time. The UTAUT model also may guide
establishment of parameters for sustained engagement for different patient populations in future
work. Theory-based evidence for application design may be useful in facilitating potential health

benefits of PGHD collected with mHealth technology.

96



Chapter Five: Conclusions
This dissertation aims to examine patients’ and providers’ collection and use of digital
patient-generated health data (PGHD) in real-world settings, which includes their expressed
needs and possible approaches to meeting these needs. This dissertation is composed of Chapter
Two, an integrative review examining convergent and divergent areas of need for collecting and
using patient-generated health data (PGHD) identified by patients and healthcare providers;
Chapter Three, a quantitative study evaluating predictors and moderators of sustained
engagement in a post-intervention population of adults self-monitoring their AF; and Chapter
Four, a qualitative study exploring the utility of the adapted UTAUT model in characterizing
sustained engagement in this unique patient population. In Chapter Five, key findings from each
of the preceding chapters are summarized and discussed in the context of related work. We then
elicit implications for the intersection of health policy and clinical practice, design, nursing, and
future research from our findings.
Summary of Results and Key Findings
Chapter Two
Chapter Two consists of an integrative review that examined convergent and divergent
needs when collecting and using patient-generated health data (PGHD) identified by patients and
providers (i.e. physicians, nurses, advanced practice nurses, physician assistants, and dietitians).
By synthesizing findings from eleven studies (seven mixed-methods, four qualitative), we found
that patients and providers converged on clinical and technological needs and diverged on
logistic needs. We also found evidence of interplay between patients’ and providers’ needs.
Patients need feedback and reassurance, and providers need to manage the flow of PGHD in their

clinical practice.
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This review compiles a detailed description of patients’ and providers’ needs that may
serve as the basis for an initial set of requirement specifications for systems that collect and
display PGHD in future work. Recently, ONC published a practical guide for providers and
researchers seeking to use PGHD (ONC, January 2018a). This guide provides high-level
considerations for engaging patients to collect these data, and integrating these data into clinical
workflows from a technical, functional, and financial perspective. The findings of our integrative
review of primary source data from important stakeholders (patients and providers) supplement
ONC’s guide with more detailed considerations for addressing stakeholders’ concerns.
Importantly, in an updated white paper on PGHD, ONC acknowledged continued reticence to
adopt PGHD among patients and providers due to ongoing concerns about unmet needs (ONC,
January 2018b). In fact, CMS recently proposed removing the integration of PGHD into the EHR
from its quality measures due to providers’ reports that this criteria was too burdensome, which
we discuss in more detail below (CMS, 2018a). The findings of our review may provide timely
recommendations to allay patients’ and providers’ concerns about PGHD.

Chapters Three and Four

The studies in Chapters Three and Four are discussed together because they offer
complementary perspectives on sustained engagement. Areas of alignment between each study
substantiate parts of the adapted UTAUT model (Figure 5.1; see Figure 2.1 for full-size image),
while discordant findings indicate areas for further exploration. The triangulation and integration
of findings from these quantitative and qualitative studies offers a more complete understanding

of the results (Scott, 2016).
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Figure 5.1. The Adapted UTAUT Model

Patient sustained engagement with self-monitoring is studied in detail in the studies
described in Chapters Three and Four as a major barrier to PGHD collection. Chapter Three
consists of a quantitative evaluation of the adapted UTAUT model among adults who are self-
monitoring AF in the context of the iIHEART trial using Hierarchical Generalized Linear
Modeling (HGLM). Chapter Four explores the adapted UTAUT model more deeply through
qualitative investigation using directed content analysis of focus groups and interviews with
patients, providers, and research coordinators in the iIHEART trial. The quantitative study
provided preliminary evidence that some of the predictors (frequency of AF episodes, AF
knowledge, and perceived usefulness) in the adapted UTAUT model are related to sustained
engagement. The qualitative study found support for all of the predictors with nuanced
explanations for differences between engaged and unengaged patients. We also identified four
additional factors in the qualitative study: (1) personality/ behavioral tendencies, (2) relationship
with healthcare provider, (3) supportive environments, and (4) feedback and guidance.

Neither study found evidence of moderating effects of age, gender, or experience with
technology on the relationship between predictors and sustained engagement. This may reflect

the underlying lack of variability in the IHEART trial subjects, who were similar in these

99



respects. Alternatively, demographic characteristics typically associated with technology use
may be less relevant as mobile technology becomes ubiquitous in society across age, gender,
race/ethnicity, socioeconomic, and geographic groups (Pew, 2018). Assumptions surrounding
technology adoption and use may need to be revisited given the degree to which technology has
permeated all aspects of society since the UTAUT model was constructed by Venkatesh et al. in
2003.

Recent studies have identified individual predictors of sustained engagement, including
perceived ease of use, perceived usefulness, age, gender, and health-related characteristics
(Hermsen et al., 2017; Park et al., 2018; Sharpe et al., 2017). However to our knowledge, only
Jiang et al. (2016) have sought to validate a theoretical model (an adapted version of the UTAUT
model) that can be broadly applied for future sustained engagement research. By using the
adapted UTAUT model, we were able to understand the parameters of sustained engagement
among adults with AF who are unique from individuals with other chronic conditions, as others
have reported about adults with AF (Dagres et al., 2007; Kaiser et al., 2016; Lip et al., 2015).
The adapted UTAUT model used in this dissertation was based on the work of Jiang et al.
(2016), who condensed some aspects of the original UTAUT model when they adapted it for
sustained engagement. However, we found evidence that, in our patient population, some factors
present in the original UTAUT model (individuals’ internal values and supportive environments
as two additional facilitating conditions, “social influence” as an additional predictor) were
related to sustained engagement. This led us to conclude that the UTAUT model always needs to
be modified to the unique characteristics of a patient population.

Based on the findings of this dissertation, those seeking to adapt UTAUT to other

populations should consult relevant clinical literature to identify any documented relationships
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between variables in the UTAUT model (such as age, gender, and disease-specific
characteristics) that may interact to influence sustained engagement together. In addition, both
guantitative and qualitative methods are useful, as we were able to uncover nuances and
additional factors associated with sustained engagement through qualitative interviews and focus
groups that were not identifiable through quantitative analysis. Importantly, more accurate
measurement of constructs from the adapted UTAUT model at the time of the most reliable data,
which is likely at the time of mHealth use, should be explored due to limitations of secondary
data analysis discussed in Chapter Three. Real-time data capture via smartphone application,
such as ecological momentary assessment (EMA), is one feasible approach as smartphones
become increasingly popular and prevalent (Pew, 2018). Through this approach, individuals’
responses to questions of interest may have higher content validity and fewer limitations
(missing data, recall bias) to allow for a more robust evaluation of the adapted UTAUT model in
the context of sustained engagement (Hand & Perzynski, 2016; Shiffman et al., 2008).
Themes from the Findings of this Dissertation

Shift towards a collaborative patient-centered model. In recent decades, the model of
patient care has shifted from one in which patients are deferential and providers have authority,
towards one in which patients are considered active and valued members of the care team
(Knorr-Cetina, 2003). In Chapter Two we found that patients and providers report that PGHD
enhances the working patient-provider relationship by fostering communication and information
exchange. In Chapter Four, our subjects reported that a collaborative patient-provider
relationship could sustain patient engagement to collect PGHD. Others have anticipated that
PGHD will be a major component of the paradigm shift towards collaborative, patient-centered

healthcare (Hull, 2015; Van Doornik, 2013) and the findings of this dissertation provide early
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evidence of that. At the same time, we also found that in most systems for collecting and using
PGHD described in Chapter Two, only providers and not patients were the intended audience of
PGHD. Therefore, our design implications (discussed later) recognize that the patient is an
increasingly vital part of the care team and thus, consider the patient a user, not only a collector,
of PGHD.

The importance of considering patients and providers together. By examining
patients’ and providers’ perspectives together in Chapters Two and Four, we found inextricable
links between these two stakeholders in the process of collecting and using PGHD. For instance,
patients needed feedback and guidance from providers, while providers needed to set boundaries
with patients to manage the flow of data into their practice. Each group was also aware of each
other’s needs even if it did not relate to their own, such as when providers acknowledged that
patients need support regarding data collection to avoid becoming anxious. This suggests that
systems that collect and display PGHD should be developed with both primary stakeholders in
mind. While this approach may present challenges regarding the detail and complexity of data
display, it has the potential to enhance transparency and mitigate many of the challenges
described by patients and providers regarding communication and interoperability (Lavallee et
al., 2016).

Revisiting the concept of engagement. By examining individual factors that contribute
to sustained engagement, we conclude that it is a multifaceted concept. This dissertation
uncovered three interconnected facets contributing sustained engagement with self-monitoring:
the patient, the provider, and the technology. This conceptualization helps to explain why
research that addressed these facets in isolation has demonstrated little success improving

sustained engagement (King et al., 2013; Shimada, Allison, Rosen, Feng, & Houston, 2016).
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Further, our findings suggest that all three facets should be incorporated into the design and
evaluation of self-monitoring technologies that facilitate sustained engagement.

In this dissertation we found evidence that engagement is more complex than use or non-
use of mHealth technology. For instance, those patients who appropriately discontinue self-
monitoring when clinically stable may be less frequent users over time, but their independent
interpretation of their self-monitoring data would deem them engaged in their overall self-
management. However, there exists a lack of a clear definition of engagement with self-
monitoring in the informatics community. Moreover, while usage may not be a measure of
engagement that fully captures its dimensionality, usage data is the most common approach to
understanding engagement in the absence of a standardized measurement of the phenomenon.
Future work should seek to develop a standardized definition and measurement of engagement
with self-monitoring that still accounts for nuances such as those described above.

Leveraging PGHD to sustain patient engagement. The findings of this dissertation
highlight new opportunities to use PGHD to motivate this unique group of patients with AF to
continue to collect PGHD. Specifically, we found that adults with AF who derive value from
their self-monitoring data continue to collect it. They reportedly derive value from understanding
their health data in the context of their personal as well as population norms, and from
understanding the impact of their lifestyle and other behaviors on their health (quantified with
PGHD). Similarly, ONC’s practical guide states that highlighting the personal value of PGHD
can be a tool for motivating individuals to continue to collect it (ONC, January 2018a). However,
the possibility of using PGHD to motivate further data collection has been primarily explored
among patients who are highly activated to collect these data in the first place, such as members

of the “Quantified Self” movement, but is not well understood among patients for whom baseline
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engagement is more variable (Braber, 2016; Miyamoto et al., 2016). Therefore, individuals who
are not intrinsically motivated by their own data require a tailored approach to engagement based
on their distinct motivations.

Limitations and Strengths

This dissertation has several limitations. The integrative review in Chapter Two is
comprised of a heterogeneous sample of studies with respect to clinical focus, samples of
subjects, and type and purpose of PGHD collected. This made generalization of findings across
studies included in the review difficult. At the same time, the studies in Chapters Three and Four
are limited by using data and participants from the ongoing IHEART trial, who were highly
similar to one another and unique from other patient populations. This is especially true of the
patients described in Chapter Four, who self-selected to participate in focus groups and
interviews and are likely among the most engaged iIHEART participants. Therefore, the results of
these studies reflect a patient population that is not generalizable to others with chronic
conditions. Additionally, the small number of subjects and use of secondary data that was prone
to missing values and recall bias limited the quantitative study in Chapter Three.

Nonetheless, this dissertation has clear strengths. The study in Chapter Two contributes a
synthesis of rich accounts of PGHD use in real-world settings from two primary stakeholders,
patients and providers, to the literature. From these accounts we compiled a list of diverging and
converging needs, which may inform future design of systems involving PGHD collection and
use that accommodate the needs of both major stakeholders. The design of such systems is
needed given major aligning initiatives to accelerate the integration of PGHD into clinical
practice (CMS, 2017b; ONC, January 2018b). We also conducted a more thorough investigation

of one barrier to PGHD collection in particular, sustained engagement, that has been well
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documented but not thoroughly explored (Hermsen et al., 2017; Lai et al., 2017). Using a
validated model of sustained engagement allowed us to clarify the parameters of sustained
engagement in a unique patient population of adults with AF, and use these parameters to
generate design options for engaging adults with AF to collect PGHD for a sustained period of
time. These studies are also strengthened by the use of application usage data from patients self-
monitoring in their daily lives over one year. This allowed for examination of more natural
patient behaviors that are difficult to observe in health sciences research, in which app use is
typically studied for shorter periods of time and in more controlled settings (Lai et al., 2017).
Additionally, by interviewing a variety of stakeholders, including patients (engaged and
unengaged), healthcare providers, and research coordinators, our understanding of sustained
engagement in this population is multifaceted and the design options for optimizing patient
sustained engagement are likely more comprehensive.
Implications

Implications at the Intersection of Clinical Practice and Health Policy

Much of healthcare reform stemming from the Affordable Care Act (ACA) and
associated legislation, such as HITECH, MACRA, and 21% Century Cures, has emphasized and
promoted health information technology (HIT) to support a transformed system (""21st Century
Cures Act (Cures Act) ", 2016; "The Health Information Technology for Economic and Clinical
Health (HITECH) Act,” 2009; "Medicare Access and CHIP Reauthorization Act of 2015," 2015;
"Patient Protection and Affordable Care Act,” 2010). Each of these pieces of legislation contain
significant provisions that have supported the development and adoption of HIT over the past
eight years, creating an impetus for this technology in clinical practice through incentives,

mandates, and laws (Van Doornik, 2013). Moreover these changes are occurring quickly, with
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new policy related to PGHD having been proposed or passed even since the initial conception of
this dissertation (CMS, 2017b, 2018a). Therefore we focus on the implications of our findings at
the intersection of clinical practice and health policy, rather than considering each in isolation.

PGHD is poised to dramatically alter clinical practice in years to come (ONC, January
2018b). The findings of this dissertation support previous research reporting that PGHD
produces information and knowledge to support clinical decision-making for providers, and also
provides a context for those decisions (C. F. Chung et al., 2016; Shaw et al., 2015). In this way
PGHD represents an opportunity to personalize care based on the unique characteristics of
individual patients. By aggregating data from individuals to understand population-level
relationships between determinants of health and health outcomes, PGHD also has the potential
to improve population health (Bauer et al., 2014). PGHD may be especially beneficial for
individuals and populations in the setting of chronic conditions, whose trajectory is influenced by
the synergy of biology, environment, and lifestyle (Bell, 2017).

Policy initiatives surrounding PGHD continue to provide momentum for these data to be
collected and used by healthcare providers and health sciences researchers. Recognizing PGHD
as having the potential to advance patient engagement, care delivery, and research, ONC
continues to support the integration of PGHD into the EHR (HealthlT.gov, 2016). The quality
payment program initiated by MACRA includes a Merit-based Incentive Payment System
(MIPS), which measures clinicians’ performance based on quality measures (CMS, 2018c).
Incorporation of PGHD into a certified EHR for at least one patient is a quality measure that
advances care information through coordination of care and patient engagement (CMS, 2018b).
Recently proposed changes would remove mandatory reporting on this measure due to the

burden to providers (CMS, 2018a), and the informatics community will need to address the
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complexity and burden of PGHD for providers in clinical practice. Nonetheless, CMS will
continue to reimburse providers for the review of certain PGHD under the 2018 Physician Fee
Schedule, which incentivizes integration of these data into clinical care (CMS, 2017).

In addition, the National Academy of Medicine (formerly the Institute of Medicine) has
promoted the concept of the Learning Healthcare System, in which new knowledge is captured
and integrated into the care delivery system in a seamless, cyclical process to support continuous
improvement and innovation ("Background: Learning Healthcare System," 2018). PGHD has
been acknowledged as an important source of information from outside of the clinical setting to
be incorporated into the Learning Healthcare System (Foley & Fairmichael, 2015). Finally,
funding and opportunities related to the Precision Medicine Initiative, including the National
Institute of Health’s “All of Us” Research Program, have been growing and include the use of
PGHD to understand relationships between lifestyle, environment, and biology (NIH, 2018).

Although evidence demonstrating the health and cost benefits of PGHD is growing, it
remains limited and inconclusive, which has hampered clinical adoption and research activity
related to implemented PGHD use in real-world settings (Bloss et al., 2016; ONC, January
2018Db). In fact, one recent review article found a growing number of pilot studies using mHealth
to collect PGHD, but a lack of research on the use of these data by patients and providers (Lai et
al., 2017). Providers and researchers will need to collaborative and capitalize on the aligning
policy initiatives described above to generate an evidence base of best practices related to PGHD
(ONC, January 2018b; Tiase, 2017).

Evidence on PGHD use in real-world settings will clarify its potential to improve patient-
provider communication and proactively manage health, especially chronic conditions, which are

the most common and costly health conditions in the U.S. (Buttorff, 2017; CDC, 2016).
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Ultimately, the vision is that PGHD will improve the quality of both individual and population
health, as well as the patient experience, while reducing costs (C. F. Chung et al., 2016; Hsueh,
Dey, Das, & Wetter, 2017; Van Doornik, 2013). The Quadruple (formerly Triple) Aim of better
care, better health, lower cost, and now provider satisfaction continues to drive the evolution of
our healthcare system (Bodenheimer & Sinsky, 2014). Though PGHD may be instrumental to
achieving the Quadruple Aim, the findings of this dissertation research highlight the need for
rigorous implementation research to ensure PGHD is a catalyst, not a detriment, to these goals.
Implications for Design

Table 5.1 provides a summary of existing mHealth design options and system
requirements that have the potential to address the needs expressed by patient and providers

regarding PGHD.
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These design options are comprised of existing informatics tools that have yet to be
widely implemented for self-monitoring. Although we studied different patient and provider
populations in the integrative review and in the iIHEART trial, design implications were
congruent across studies and with recommendations recently published by ONC (ONC, January
2018a). These design options are meant to be studied, adapted, and iterated upon based on the
unique characteristics of other patient and provider populations.

While we offer options that focus on design as a means of addressing many of the needs
expressed by patients and providers in this dissertation, some of the needs that center on
workflow, reimbursement, time, and communication are best addressed through other
approaches, such as health policy, institutional protocols, and face-to-face patient-provider
communication. In fact, some of the solutions we propose rest on the assumption that these other
approaches are also instituted, and that design is merely a reinforcing factor. Nonetheless, while
policy and initiatives surrounding PGHD are, to a certain extent, out of the purview of
researchers, design is a research-based approach for meeting the needs of patients and providers
that is less contingent on political and social undercurrents.

Design and development of mHealth technologies that aim to address expressed needs of
patients and providers regarding PGHD must also consider the changing role of the Food and
Drug Administration (FDA) in regulating these technologies. The 21 Century Cures Act
clarified the FDA’s role in regulating digital health by amending the definition of “device” to
clarify software functions that were included and excluded from its regulatory scope (""21st
Century Cures Act (Cures Act) ", 2016). In response, the FDA published a series of guidance
papers outlining changes to their policies and procedures as a result of the Cures Act. These

include papers specifically addressing: (1) low risk general wellness products (e.g., weight
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management and physical fitness tracking), (2) clinical and patient decision support, (3) medical
devices, (4) medical software, and (5) Software as a Medical Device (SaMD) (FDA, 2018).

Not only will researchers seeking to design and develop mHealth have to comply with the
FDA'’s evolving regulations, but they will also need to consider the safety implications of
releasing technologies for use by patients and providers that are not regulated. Without
thoughtful design, patients and providers may draw inaccurate conclusions from digital health
data and take inappropriate, possibly unsafe actions as a result of these conclusions (Howie et al.,
2014).

Implications for Nursing

As the providers on the front-line of patient care, nurses and advanced practice nurses are
likely to be among those most affected by the deluge of PGHD into clinical practice (Hull,
2015). As a tool for patient empowerment allowing patients to proactively manage their health,
PGHD aligns with the nurse’s role of delivering patient-centered care and empowering the
patient (Samples, Ni, & Shaw, 2014). Therefore, nurses will be in a position to voice not only
their perspective, but also the perspective of their patients (Hull, 2015; Tiase, 2017). These
voices are critical in the current environment in which systems that collect and display PGHD
are now being designed, developed, and used in clinical practice and research.

In addition, nurses and nursing informatics researchers are uniquely positioned to develop
data science approaches for creating meaning from PGHD, including visualizations. Nursing
informatics research focuses on leading the development, design, and implementation of
technologies for presenting and retrieving information to support patients, nurses, and other
providers (AMIA, 2009; Gee et al., 2012). With regards to PGHD, key questions for nursing

informatics research will include how PGHD can be optimally integrated into nursing practice
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such that it can inform nursing knowledge, support shared decision-making, and improve nursing
care of individuals and populations (Hull, 2015). Nurses and advanced practice nurses in clinical
practice can provide insights on optimal use of these data that consider both patients’ and
providers’ priorities and realities. This can inform the iterative development of visualizations and
other techniques to support use of PGHD.

However, nurses remain underprepared to practice and collaborate with researchers in an
increasingly technological clinical environment. A recent study demonstrated that nurse
executives lack competency-based nursing informatics education and training, and are unaware
of the competencies they should expect in their nursing graduates (Collins, Yen, Phillips, &
Kennedy, 2017). At the same time, nursing graduates continued to be underprepared for
informatics tools and concepts they will encounter in clinical practice because precise
informatics competencies have yet to be well integrated into nursing curricula (Foster &
Sethares, 2017). As new forms of data and technology increasingly pervade clinical practice, all
clinical nurses, not just nursing informatics specialists (as was the case in years past), will need
to be equipped with informatics training. With informatics training, nurses will gain awareness
of how their knowledge of their nursing practice and of the patient can both inform and benefit
from technology development (Foster & Sethares, 2017). The anticipated surge in PGHD in the
near future places more urgency on the necessity that all nurses understand the informatics
aspects of PGHD to ensure they are collected, managed, and presented appropriately (Hull, 2015;
Tiase, 2017).

Moreover, in this dissertation, we found that the nurse’s role and scope of practice
relating to PGHD remain poorly defined, even in those settings that are more accustomed to

receiving PGHD than most, such as electrophysiology (Turakhia & Kaiser, 2016). Nurses and
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nurse practitioners are unsure how their current clinical practice will translate to reviewing and
responding to PGHD. For instance, can they independently titrate patients” medications based on
these data? Can they make diagnoses with it? As the role of nurses in the integrated care team
evolves, the unique responsibilities and priorities of nursing practice surrounding PGHD will
need to be well differentiated (Foster & Sethares, 2017; Lindroth, Islind, Steineck, & Lundin,

2018).

Implications for Future Research

As new approaches and technologies for collecting PGHD are developed and become
interconnected, these data are likely to increase in size and complexity. Novel approaches for
producing meaning and insights from the data are needed. PGHD is unlike “neat” experimental
data that health sciences researchers typically work with (Hull, 2015; Shaw et al., 2015). Rather,
it is heterogeneous, originates from a variety of sources, and often in free-text format. This
presents new challenges for gathering, cleaning, and organizing the data. Current approaches for
working with “big data” such as machine learning and natural language processing may provide
solutions, but current applications are limited in their ability manage the heterogeneous nature of
PGHD (Hsueh et al., 2017; Lai et al., 2017). As described in Chapters Two and Four, patients
collecting these data, their caregivers, and their healthcare providers, are faced with the task of
deriving insights to address a specific health concern, such as chronic disease management. This
process can be time-consuming, confusing, and have myriad legal and social implications that
have yet to be fully addressed. Therefore, novel methods are needed that translate and display
PGHD into consumable knowledge that will support actions by patients and providers to
improve health for individuals, and also for populations of individuals that face common

problems.
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In the integrative review in Chapter Two, both patients and providers indicated that they
prefer visualizations as an approach to efficiently synthesize and act on the PGHD. However
developing such visualizations can be challenging due to competing requirements. For instance,
visualizations must balance adequate detail with simplicity. Patients and providers each have
unique needs from the data, and even within each of these groups, levels of statistical literacy
and specific questions asked of the data can vary. Moreover, visualizations must support rapid
interpretation and insights given the potential for data to be overwhelming and time-consuming
that we documented throughout this dissertation. Pilot testing of different visualizations that
display complex PGHD has been conducted (Hohenstein et al., 2018; Lindroth, Islind, Steineck,
& Lundin, 2018), but research on the use of these visualizations within clinical workflows or
among patients in the community setting has yet to be established.

Collaborative research on PGHD between data science and other research domains is also
warranted. Data science and healthcare delivery science intersect at the common aim of reducing
the cognitive and logistic burden of these data in clinical practice (ONC, January 2018b).
Additionally, data science work with PGHD carries myriad ethical questions as this space
evolves. For instance, there exists a tension between the moral obligation to make population-
level insights from PGHD equally accessible to all, and the need to protect personal health
information (PHI), proprietary algorithms, and other intellectual property (Hsueh et al., 2017;
Peterson et al., 2013). Moreover, the possibility that PGHD may worsen, rather than ameliorate,
existing health disparities given evidence that individuals from medically underserved
backgrounds are less likely to engage in self-monitoring (termed the “digital divide”) must be
addressed (Dlugasch & Ugarriza, 2014; Lee, 2014; Lobelo et al., 2016). Finally, given close ties

between a patient’s health data and health behaviors as they collect and use PGHD, data science
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may benefit from behavior change theories as a means of understanding approaches for
presenting data in a way that positively influences individual health behaviors (Michie, Yardley,

West, Patrick, & Greaves, 2017).

Conclusion

PGHD holds both promise and pitfalls for healthcare. By offering understanding of the
patient’s daily experiences through data on lifestyle, mood, symptoms, and physiology, PGHD
offers a more informative context for providers to make better healthcare decisions. As an
increasingly valued member of the healthcare team, patients may also better understand their
own health and, as a result, make better decisions about it. This is especially true for the 150
million individuals in the U.S. who are living with a chronic condition (Buttorff, 2017), for
whom daily decisions made outside of clinical settings synergistically impact disease trajectories
and health outcomes. Nonetheless, questions surrounding technical, logistical, and financial
aspects of integration of these data into routine care remain unanswered. The complexity and
volume of PGHD present new challenges for deriving meaning and insights that can be readily
translated into actionable knowledge. Future research at the intersection of clinical practice,
policy, and informatics is critically needed to design, develop, and implement solutions that
address these challenges. Equipped with deep knowledge of the patient experience, nurses are
uniquely positioned to collaborate across settings, stakeholders, and disciplines to optimize the
process of PGHD collection and use. Therefore this work can and should involve nurses, but
practice- and education-based competencies are needed to ensure they are equipped with the

informatics knowledge necessary to actively participate in these processes.
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ABSTRACT

Objective: This integrative review identifies convergent and divergent areas of need for collecting and using
patient-generated health data (PGHD) identified by patients and providers (i.e., physicians, nurses, advanced
practice nurses, physician assistants, and dietitians).

Methods: A systematic search of 9 scholarly databases targeted peer-reviewed studies published after 2010
that reported patients’ and/or providers’ needs for incorporating PGHD in clinical care. The studies were
assessed for quality and bias with the Mixed-Methods Appraisal Tool. The results section of each article was
coded to themes inductively developed to categorize patient and provider needs. Distinct claims were extracted
and areas of convergence and divergence identified.

Results: Eleven studies met inclusion criteria. All had moderate to low risk of bias. Three themes (clinical, logis-
tic, and technological needs), and 13 subthemes emerged. Forty-eight claims were extracted. Four were diver-
gent and twenty were convergent. The remainder was discussed by only patients or only providers.
Conclusion: As momentum gains for integrating PGHD into clinical care, this analysis of primary source data is
critical to understanding the requirements of the 2 groups directly involved in collection and use of PGHD.

OXFORD

INTRODUCTION

As of January 1, 2018 the Centers for Medicare and Medicaid Serv-
ices initiated policy changes that will incentivize and reimburse
healthcare providers for reviewing and interpreting patient-
generated health data (PGHD), which is expected to accelerate
adoption and use of these data in clinical practice.'> PGHD is a
term to describe “health-related data. .. created, recorded, gathered,
or inferred by or from patients or their designees (e.g., care partners
or those who assist them) to help address a health concern.”® Key
features of PGHD are: (1) the patient, not the healthcare provider,
captures the data; (2) the data are obtained outside of clinical set-
tings; and (3) the data are both longitudinal and capable of being
collected at high-frequency intervals. Patient-reported outcomes

(PROs) are considered a controlled form of PGHD, typically consist-

ing of structured data elements captured at discrete intervals.*
Increasingly, PGHD are collected and stored digitally via ubiqui-

tous smartphone applications (apps), connected devices, and cloud-

7 PGHD produces not only information and

based platforms.*”
knowledge to support clinical decision-making for individual health
care providers, but also a context for those decisions.®” For in-
stance, knowledge of circumstances external to a patient’s clinical
situation may call for adjustments to therapeutic decisions made by
any provider within a health care team (e.g., physicians, nurses, ad-
vanced practice nurses, physician assistants, or dieticians). Current
evidence on the clinical benefit of PGHD is sparse but emerging
as technology and policy provide the means to incorporate it into
clinical practice.*~'”
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On a policy level, digital PGHD may contribute to healthcare
quality by augmenting the type, amount, and detail of health infor-
mation exchanged between patients and providers.'™'* Healthcare
costs associated with unnecessary office visits and hospitalizations
may decrease when patients share PGHD by allowing the provider
to proactively manage illnesses and prevent complications.® Patients
with previous barriers to healthcare for cost- or location-related rea-
sons may now exchange health information more easily and afford-
ably with providers because mobile device ownership is prevalent
across diverse populations.**!!

The US Office of the National Coordinator for Health Informa-
tion Technology has identified the value and existing challenges for
patients and providers regarding PHGD, and called for evidence-
based strategies to facilitate its adoption and use.'® An understand-
ing of PGHD from the patient and provider perspectives is needed to
align concurrent federal initiatives that aim to incorporate PGHD
into clinical care, such as the Medicare and Medicaid Electronic
Health Record Incentive Programs Stage 3 and Modifications to
Meaningful Use, and the Medicare Access and Children’s Health In-
surance Program Reauthorization Act of 2015 (MACRA). 13

Objective

A synthesis of the evidence regarding patient and provider needs for
information systems that incorporate PHGD can inform their opti-
mal development.”™'* To our knowledge there is no review that
examines empirical evidence on the needs of the 2 primary users of
PGHD. Therefore, the aims of this integrative review are to (1) sum-
marize needs of both healthcare providers and patients concerning
the collection and use of digital PGHD and (2) identify areas of con-
vergence and divergence between them. The review follows proce-

dures and recommendations detailed by Whittemore and Knafl.">

METHODS

Information Sources and Search Strategy

Nine scholarly databases (Pubmed, Scopus, Applied Science, Med-
line, PsycINFO, Science Direct, CINAHL, Cochrane, and ACM Dig-
ital Library) were searched in November 2016 using the terms:
“Patient generated health data,” “Patient generated data,” “Patient
reported outcome(s) [AND] digital,” “Patient reported data [AND]
digital,” and “Self-monitoring data.” Search terms were determined
in consultation with a biomedical librarian and 2 experts engaged in
research involving PGHD, and iteratively by examining key words
in retrieved publications. PROs are a type of patient-generated
health data, which in some cases are recorded digitally; therefore,
PROs were included in the search terms for thoroughness.*'® No fil-
ters or additional search criteria were applied. Scopus was searched
for grey literature using the same terms. An inspection of reference
lists from retrieved articles identified relevant publications not
obtained through the database search.

Eligibility Criteria

Publications were evaluated against the following criteria: (1) docu-
mented patients’ or providers’ needs; (2) PGHD was used in a “real
world” rather than study setting; (3) addressed any type of digital
PGHD collected for any health-related purpose (e.g., chronic disease
management, post-operative monitoring, etc.), and (4) any study de-
sign (qualitative, quantitative, or mixed-methods). Exclusion criteria
were: (1) published prior to 2011; (2) not a peer-reviewed article;
(3) non-digital PGHD; (4) PGHD not used in “real world setting”

and clinical workflow; and (5) not reporting patients’ and/or pro-
viders’ perspectives. We define workflow as “a modular sequence of
tasks, with a distinct beginning and end, performed for the specific
purpose of delivering clinical care.”'” Studies with samples of only
patients or only providers were included provided they met other in-
clusion criteria.

The specification of “digital” data was thought to automatically
exclude older studies, so publication year search filters were not ini-
tially applied. However, this approach retrieved several studies pub-
lished between 1980 and 2010 reporting on now obsolete
technology. The publication date criterion was added in acknowl-
edgement of the rapid development of patient- and provider-facing
health information technology within the past 5 years. Unlike non-
electronic (e.g., verbal or written) information generated by patients,
digital PGHD can be collected with greater frequency and detail and
computationally summarized. These features present unique oppor-
tunities and challenges, which are the focus of this review.

Data Screening, Extraction, and Synthesis

Two reviewers used Covidence, a Cochrane technology platform, to
select eligible studies from the pool of retrieved records.'® Covidence
automatically removes most duplicate records. The reviewers re-
moved any missed duplicate records. Then, the reviewers screened
titles and abstracts against the inclusion/ exclusion criteria. Full texts
of the records included were rescreened using the same criteria. Any
discrepancies between the reviewers were discussed and resolved.

Methodological Quality Assessment of Studies

Quality was evaluated with the Mixed Methods Appraisal Tool
(MMAT),” which is specifically designed for concomitantly ap-
praising quantitative, qualitative, and mixed-methods research.
MMAT was chosen for its ability to produce comparable scores

19:20 with highly reliable inter-class correlations

21-23

across study designs,
ranging from 0.84 to 0.94.

The MMAT consists of 2 initial screening questions and subse-
quent question sets that are specific to the study design (quantitative;
qualitative; or mixed-methods). The screening questions identify stud-
ies for which further appraisal may not be feasible or appropriate
(e.g., no clear research question.) Studies failing either or both screen-
ing questions do not proceed to domain-specific appraisal. There are
4 domain-specific questions for qualitative studies and 4 questions for
each of the 3 quantitative study designs (randomized controlled, non-
randomized, or descriptive). Mixed-methods studies are evaluated us-
ing both the qualitative and appropriate quantitative study questions;
there are 3 additional questions specific to mixed-methods studies.
The quality appraisal score is determined by dividing # criteria met by
N criteria in each applicable domain. Scores are typically converted
to percentages for comparison across studies.'”>’ Following this pro-
tocol, 2 reviewers (ML.R., J.M.) independently appraised and calcu-
lated scores for each study. As in the earlier stage, discrepancies
between the reviewers were discussed and resolved.

Data Extraction and Qualitative Synthesis

The goals of data analysis in integrative reviews are first, to provide
an unbiased and complete interpretation of primary source data,
and second, to critically synthesize this data.'’ The primary author
(M.R.) reviewed and extracted relevant characteristics from each
study, including: sample characteristics, setting, context, PGHD col-
lected, Health information technology (HIT) used, study design,
data collection methods, data analysis methods, and study findings.
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Both reviewers (M.R., ].M.) analyzed the quantitative and quali-
tative data using a general inductive approach to develop a unified
response to the objectives of the integrative review. The steps in-
clude: (1) data reduction; (2) data display; (3) data comparison; (4)
conclusion drawing and verification.'* During data reduction, text
containing
excerpted from each article and combined into a single corpus. The
primary author (M.R.) coded this text using a general inductive ap-
proach in which codes were developed, consolidated if warranted,

the qualitative and/or quantitative findings was

and then organized into a hierarchy. From this process, a set of the-
matic axes emerged. The second reviewer (J.M.) independently
coded 50% of the records using this preliminary schema with the
freedom to identify new or alternative codes. Alternative codes were
discussed until consensus was reached on a final coding schema,
which was used for inter-rater reliability calculation. To further dis-
till the findings for subsequent comparison, both reviewers revisited
the coded text to identify distinct expressions of a need related to
PGHD, which they extracted in the form of declarative statements,
or “claims.” NVivo Version 11.4.1 (QSR International, Inc., Bur-
lington, MA, USA) was used to code the data and calculate inter-
rater reliability.

Second, a table of findings was created to display the data and vi-
sualize claims according to the coding theme/sub-theme and patient/
provider perspectives on each claim. Third, the claims were
reviewed and discussed to determine the presence of patterns and
relationships. The perspectives of individual claims were reviewed
and discussed to evaluate if the viewpoints expressed were conver-
gent, divergent, or relevant only to patients or only to providers. Fi-
nally, each declarative claim was verified with primary source(s) to
ensure accuracy. Specifically, the primary author (M.R.) mapped the
claims back to the theme they were originally coded under, and both
reviewers participated in reordering or consolidating claims if
warranted.

RESULTS

Search Results

A total of 996 records were retrieved from 9 databases (Figure 1).
Removal of duplicate records (n =274) left 722 articles for the title/
abstract screening. During title/abstract screening, 644 records were
excluded for: publication date prior to 2011 (n=356), not peer-
reviewed (7= 122), not digital PGHD (7 = 86), and not about inte-
grating PGHD into the clinical workflow (7 = 80). A full text screen-
ing of 78 remaining records excluded 67 for: reporting neither
patient nor provider perspective (7= 37); not being a digital PGHD
(n=17); and not being about integrating PGHD into the clinical
workflow (7=13). A total of 11 records were accepted for re-
view.>** The provider perspectives covered in these records in-
cluded physicians, nurses, advanced practice nurses, physician
assistants, and dietitians.

Risk of Bias
Quality appraisal results of the 4 qualitative and 7 mixed-methods
studies are summarized in Table 1.

Qualitative studies received 5 to 6 of 6 possible points, and the
mixed-methods studies received 8 to 11 of 13 possible points. When
converted to percentages, studies scored from 62% to 100%. Stud-
ies lost points in the qualitative domain for claiming a specific
method (e.g., grounded theory) but describing data analysis incon-
sistent with that method, or for failing to acknowledge, or

Total records found n= 996
+  Pubmed n=125

+  Scopus n=168

+  Applied Science n=170
+  Medline n=124

+  PsycINFO n=44

+  ScienceDirect n=311

+ CINAHL n=26

+ Cochrane n=19

+  ACM Digital Library= 9

44 Duplicates excluded n= 274

A 4
Title/abstract screening
n=722
Records excluded n=644
*  Published before 2011
n=356
*  Not peer-reviewed
article n=122
»  Not digital PGHD n=86
*  Not integrating PGHD
into clinical workflow
i n=80

Full text screening n=78

Records excluded n=67

+  Not reporting provider
or patient needs n=37

= Not digital PGHD n=17

»  Not integrating PGHD
into clinical workflow

, n=13

Records accepted n=11

Figure 1. Flow diagram of study selection process.

“bracket,” their interaction with study participants as a potential
source of bias. Studies lost points in the quantitative domain for
sampling strategies that introduced bias, or surveys not psychometri-
cally validated.

Characteristics of Included Studies
The characteristics of 11 studies are summarized in Table 2.

Six studies included both patients and provider participants.
Two included participants who were not patients or providers but

were closely involved with them during the study period and could
29,30

24-29

speak to their perspectives.

Providers included physicians (surgeons, primary care physi-
cians, specialists), nurses, advanced practice nurses, physician assis-
tants, and dieticians. Their mean clinical experience ranged from 7
to 17 years. Patients’ mean ages ranged from 44 to 71 and gender
breakdown ranged from 30% to 100% male. The study settings
ranged from large, academic medical centers to outpatient clinics,
and 8 of the 11 studies examined a specific tool to collect and use
the PGHD being tested. Qualitative data collection involved individ-
ual semi-structured interviews, open-ended survey questions, and
observations. Quantitative data was collected through surveys and
application usage reports.

Characteristics of PGHD in Included Studies

The characteristics of PGHD in the 8 studies that were tested as an
actual data tool are summarized in Table 2. PGHD included physio-
logical, self-report, and passive sensor data targeting a wide range of
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*These participants spoke about the patients’ and/or providers’ experiences collecting and using PGHD in the study

Abbreviations: MD

physician assistants; RD = registered dieticians.

physicians; RN = registered nurses; APRN = advanced practice registered nurses; PA

clinical problems. PGHD was collected in a mobile format and/or
through web-based platforms. Some tools allowed both patients and
providers to visualize data, while others only had a provider view.
PGHD collection included manual entry into an application, auto-
mated entry from connected devices, photographs taken with digital
cameras or mobile phones, text messaging, and a proprietary pen-
and-paper technology. In § studies providers were the only intended
users of PGHD, even if patients or their caregivers could view the
data; in these studies patients were reportedly not acting upon their
data but deferring to the provider’s interpretation of it.

Qualitative Synthesis
Qualitative synthesis results are provided in Tables 3 and 4.

Inter-rater reliability between the 2 coders was acceptable
(k=10.7280). All coding discrepancies were discussed and resolved.

Three high-level themes emerged regarding patient/provider
needs: clinical, logistic, and technological (Table 3). Thirteen sub-
themes also emerged. Clinical sub-themes address patient-provider
relationships; contextual metadata, and patient/provider needs for
guidance. Logistic sub-themes address motivation and incentives;
time; transparency; and provider preferences for patient selection.
Technological sub-themes address customization; interoperability/
EHR integration; data summaries; quality, security, confidentiality;
and variation in features desired by the patient/provider. A total of 48
distinct claims were extracted. Claims were grouped under 1 of the 3
major themes (16 clinical, 14 logistic, and 18 technological) and ap-
propriate sub-theme (Table 3). Each claim was classified as conver-
gent, divergent, or relevant to only patients or providers (Table 4).

There are 20 convergent claims in which patients and providers
both acknowledge a need and share similar views (8 clinical, 3 logis-
tic, and 9 technological). This includes claims that pertain only to a
patient or to a provider, but that both groups discuss. For instance,
in a patient-provider relationship, emotional needs are directly perti-
nent to the patient, but providers acknowledge that patient emo-
tional needs must be met.

There are 4 divergent claims that both groups discussed from op-
posing perspectives (0 clinical, 3 logistic, and 1 technological). For
example, patients want a response to their PGHD within a few
hours, while providers fear responding that quickly would disrupt
their work.

There are 5 claims identified only by patients (2 clinical, 1 logis-
tic, and 2 technological). There are 19 claims identified only by pro-
viders (6 clinical, 7 logistic, and 6 technological).

DISCUSSION

Convergence and Divergence of Perspectives

This integrative review identified 3 broad themes concerning patient
and provider needs around collecting and using PGHD, from 11 pri-
mary sources of quantitative and qualitative data. Synthesis of the
findings produced a set of 48 distinct claims. Half of the claims (24
of 48) were discussed by one group only, suggesting a mutual un-
awareness of each other’s needs. There were several points of con-
vergence on claims pertinent to one group, but acknowledged by the
other. For example, patients acknowledged that providers need in-
teroperability and EHR integration, and providers recognized that
patients need education and guidance on PGHD collection. This
suggests that collection and use of PGHD is a bi-directional relation-
ship: patients and providers are cognizant of at least some of the
other’s needs and are inextricably linked in the PHGD process.
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Table 3. Claims Generated from Qualitative Synthesis?

Claim

Explanation (Source)

Clinical sub-theme: Effect of PGHD on the patient-provider relationship

PGHD can enhance the working relationship
between patients and providers
PGHD can facilitate provider monitoring

Patient emotional needs can be met by providing
PGHD

PGHD can worsen the patient-provider relationships

Patients reported PGHD involved them in their care, and informed providers of their day-
to-day experience”®

A significant positive correlation (r=0.79) was observed between frequency of abnormal
PGHD and patient-provider communication.®

Examples of emotional needs include empathy for symptoms and praise for progress.”>

Communication, thoroughness, and rapport were lost when review of PGHD was
substituted for clinic visits; it is not a substitute for “face-to-face” with providers.”"!

Clinical sub-theme: contextual metadata is helpful for patients and providers

PHGD not directly pertaining to a clinical problem,
or “contextual metadata,” can be valuable for
understanding the relevant PGHD

Contextual metadata can be used for decision
making to improve care

Providers may want access to PGHD collected
for other purposes or for other providers

PGHD has value in emergency situations

Clinical sub-theme: patients need guidance
Patients need training and support before
collecting PGHD

Patients need help interpreting their data

Providers can leverage PGHD for health education
and counseling

Patients may want providers to constantly
monitor their PGHD to dispel their doubts

Clinical sub-theme: providers need guidance

PGHD is not customary in current provider work
flows. Providers need protocols to guide their
responses to PGHD

Providers may have questions about their role when
responding to PGHD

Providers have legal and ethical concerns about
receiving PGHD that is outside of their scope
of practice

Providers may need to delegate data management

Logistic sub-theme: motivation and incentives
Patients and providers can lose motivation to collect
and use PGHD

Patient motivation can wane if benefits from
self-monitoring are not immediate

Patient motivation to collect PGHD can increase
with peer and provider support

Provider motivation to review PGHD can improve
with incentives

Providers’ current clinical workflows and incentive
structures reduce their motivation to review

PGHD

For patients, value was in provider understanding their daily life, comorbidities, and
anxieties. >

For providers, value was in decision making supported by contextual metadata: patient
goals, moods, experiences, behaviors, perceptions, and quality of life."*’

As in the case of a pediatrician who received images of babies on a scale to convey weight
data, and incidentally noted signs and symptoms that prompted follow up.

Especially for conditions that are rare or that transcend specialties, such as psychiatric
disorders, to facilitate referrals, and communication with colleagues.'®

When no one can provide a medical history. One provider said, “Something’s better than

»6

nothing.

Patients lack understanding of how to take health-related measurements and record
them, leading them to incorrectly report their data.’ One patient said, “I don’t trust
myself. .. I don’t know what to look for.””*

Patients need to identify trends and correlations in their data to interpret in context of
average values.”* Providers can guide patients on which data are/are not significant
(with a goal of patient independence).>*!°

For example, one provider noticed a patient nonadherence to calorie requirements and
used the data to reinforce education on calorie counting and weight management®

Patients may distrust their own ability and/or the ability of software algorithms to detect
abnormal data.*'%!!

Patients react positively to the idea of multiple providers monitoring (eg, nurse, physician,
and pharmacist), e.g., “someone looking over your shoulder every day.”’

For instance, one nurse described an algorithm her group practice devised to categorize
PGHD into acuity “zones” each with corresponding actions.’

A nurse said, “At times ’m not sure. .. What is allowed? When do I intervene? ... What
does the treating physician want? When do I interfere and take over care?”>

Patients may not be aware of the scope of a provider’s expertise, both in terms of clinical
specialty and provider type (RN, MD, etc.). Providers are concerned that once they
receive the data, they are responsible for it.">!°

Providers delegate when they do not have the knowledge or experience to manage data

b
themselves.>!?

They are motivated to collect and use PGHD when it saves time (eg, not missing work,
fewer office visits) and is easy, but not when the process is distracting, time-consuming,
or inconvenient.”*~"!

Providers recognized this and reported trying to help patients see value in collecting
PGHD even if benefits were not immediate®'"

However, fear of being “judged” by peers or providers can decrease motivation.>'
Examples of incentives include saved time and financial reimbursement®”>'®

Providers lost motivation because they felt the work that went unrecognized and was not
)illablc.l‘m One provider said the incentive structure “has a perverse. ixed message:
>

collect the data but you don’t have time to do it.”*

(continued)
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Table 3. continued

Claim

Explanation (Source)

Logistic sub-theme: time
Providers need to make time for PGHD data review

Providers need methods to reduce the time burden for
PGHD review

Providers have concerns about liability and the risk
of “information overload”

Logistic sub-theme: transparency

Patients have concerns about how their data is used,
re-used, and how extensively it might be shared

Patients want a timely response (e.g., within 4 h)
while providers fear a requirement for rapid
response may disrupt workflows and care of other
patients

Providers need to manage patient expectations
regarding the review process

Goals for collecting and using PGHD may be
different
Logistic sub-theme: patient selection varies by provider
Providers may need to select a subset of patients from
whom to receive PGHD

Providers may need to encourage all of their patients
to self-monitor.
Technology sub-theme: customization
Patients and providers need visualizations to be
customizable

Providers need to customize visualizations to save
time

Patients can use visualizations to help them make life
style adjustments that improve their health condition

Patients may need to customize data entry

Providers may need customized patient data entry to
support clinical decision-making

Technology sub-theme: interoperability/EHR integration
Patients and providers need PGHD integrated into
existing systems
PGHD integrated into existing systems may reduce
confusion and frustration

PGHD integrated into existing EHRs could improve
care coordination and communication across
providers

Technology sub-theme: data summaries

Patients and providers need a summary of the data
that is rapidly understandable and cues them to
action

Patients expect data summaries may answer their
questions without having to contact their provider

Patients and providers may not trust automated data
summaries

Practices varied greatly; some providers continuously monitored PGHD, some reviewed
before a patient visit, and some only reviewed during the visit. Some providers resorted

. R
to evenings and weekends to catch up on data review'*

1,10 ,10

Alerts when at-risk patients generate abnormal data,">'® and brief summary reports”
were 2 reportedly successful methods to reduce the burden for providers
They feel they need to negotiate with patients on data received. They saw this as a fluid

process of negotiating data elements based on the patients’ evolving status'>'°

This concern is exacerbated by use of mHealth apps for which privacy and confidentiality
standards can vary enormously>'!

When patients were unaware of the provider response process they are anxious: “Because
sometimes you’re just sitting there waiting. .. and it’s like God, what am I supposed to
do3”10

Providers wanted patients to have “realistic expectations of how available I am to
them”'?

Patients want to know who will review their data and if/when they will be contacted. '’
Many times providers felt communication was only warranted if the data was
abnormal>'®

Patients want to indefinitely monitor their health with their provider, while providers aim

to empower the patient so that they will transition to more independently monitor® '’

Examples of patient subsets included: those whose disease is poorly controlled,®” those
who are poor historians,” and those who are at increased risk for complications per an
objective risk measure'®

One provider said, “So anyone who has a phone and can text I think ... let’s use it. ..

offer this to anyone who wants to really””’

The need the ability to:

*  Vary amount of detail seen”

* View data in different ways (graphs, tables, etc.
*  Mark-up visualizations with notes and color-coding™’

One provider said, “Just going through this much data was going to be so time consum-
ing. [would help if] we could see all the graphs at once, and see if anything

)3—5

correlated.”?

If the visualization didn’t facilitate this type of insight patients often stopped using them.
General visualization preferences included charts and line graphs over data tables or
pictographs, and data visualized in chronological order***

A lack of customizable data entry can discourage patients from self-monitoring and cause
nonuse, especially for patients who need to track multiple, specific data points, and can
lead to errors in data entry*>®

Some providers noted that data entry that is too open-ended could cause data to be un-
necessarily complex and irrelevant, so they favored some form of structure to “nudge
[the patient] in the right direction”>'°

There was a strong preference for systems that integrate PGHD to “building on existing
technical systems” so that the review process would be streamlined™®'?

Commonly, providers must use different systems and modes of communication to view
and respond to PGHD. Providers become less willing to use PGHD and patient-pro-
vider communication about PGHD was increasingly complex when the provider work-
flow was not streamlined®*'"

Care plans and patient instructions generated by one provider can be viewed and taken

into account by other providers caring for the same patient'*®

PGHD can be complex, heterogeneous, and high frequency. Data summaries that help
providers quickly make sense of large amounts of data could save time, inform deci-
sion-making, and improve patient care*™®

For instance, longitudinal trends can answer their questions about their progress
quickly>*1©

They reported skepticism about the algorithms used to condense and present
PGHD>!0:11

(continued)

Downloaded from https://academic.oup.com/jamia/advance-article-abstract/doi/10.1093/jamia/ocy006/4869761

by Columbia University user
on 06 May 2018

142



10 Journal of the American Medical Informatics Association, 2018, Vol. 0, No. 0

Table 3. continued

Claim

Explanation (Source)

Technology sub-theme: quality, security, confidentiality
Patients are confused about whether their PGHD
collection is private and confidential

Patients did not know if the mHealth apps they were using to collect and view PGHD
fully complied with privacy and confidentiality regulations.>'" One study showed that

over 20% of patients were concerned about the privacy and confidentiality of their

PGHD"'
Providers are concerned about privacy issues with
PGHD from minors

One provider said, “There are some things that when they talk to us about sexually re-
lated issues, substance abuse, mental health, after age 12, they’re protected from us

talking to their parents about it. There would be a selective bias. .. about what they

enter”?

Providers are concerned about the quality of PGHD

For instance, photographs in a post-operative wound monitoring study were poor quality

or only show part of the wound.” In 1 study 76% of providers worried that patients

could incorrectly measure or report PGHD®

Providers need to distinguish data recorded by
patients vs by healthcare professionals in
other settings

Objective measurements can be more accurate when recorded by healthcare professio-
9 . .
nals.”” However patient-reported data (e.g., medication adherence) can be more accu-
rate because there is less pressure to “please the doctor” with answers as there is in

face-to-face visits®
Technology sub-theme: desired additional features vary by patient and provider

Patients want the option to electronically
communicate with providers about their PGHD,
while providers fear it could compromise the
professional relationship

more common in physicians than nurses

Providers need standardized data summaries to
reduce the time burden of sifting through PGHD
Providers need standardized definitions of data types

Patients liked the ability to electronically communicate with their provider for nonurgent
questions that would help them understand their health conditions'~*

Providers felt text messages and other free-text data would be, “totally disruptive. .. I
don’t want that kind of access with patients,” but in one study this perception was

10

They acknowledged that some data types lend themselves to standardization (eg, blood
glucose) while varied and complex data do not (e.g., nutrition data
For instance, “physical activity” can mean any movement or vigorous exercise>

)10

“Sources refer to the numbered studies listed in Table 2.

Thus well-designed informatics solutions must include capability for
patients and providers to work with PGHD collaboratively, not in
isolation.

Unsurprisingly, there were many more instances of providers no-
ticing a patient need than vice versa. This may reflect providers’
awareness of patient needs as a clinical skill, and of patients limited
knowledge of provider workflows and clinical practices. For instance,
all 3 claims that referred to time limitations were provider-generated;
patients did not specify time as an issue in these 11 studies.

An analysis of points of convergence and divergence found that
patients and providers agree more about clinical and technological
needs than they do about logistic needs. Our analysis suggests a general
tension between patients needing more: more support, more guidance,
more feedback on data, and providers needing less: less time burden,
less data to review, less liability. There is also a suggestion that underly-
ing anxieties surrounding PGHD and the health problems for which it
is collected are also at odds: patients are anxious to understand their
health status, while providers are anxious about the implications of
PGHD for their clinical practice, including liability, reimbursement, and
time. Finally, the findings suggest that while patients want more flexibil-
ity with the data (which providers supported in some cases), providers
still need methods for standardizing and limiting the data received.

Sustained patient engagement as a major barrier

Patients indicated that if the data and/or the tools to collect and
view it did not meet their needs or produce some immediate benefit,
their participation would be dampened or discontinued altogether.
This corroborates recent evidence suggesting that sustained engage-
ment with self-monitoring is a critical problem.**% There is
evidence that certain subsets of patients only collect data because
providers ask them, rather than out of a natural curiosity or desire
to learn.>”** In 5 of the 8 studies that evaluated a tool, the PGHD

was intended for provider use only (Table 2). As healthcare shifts to

a patient-provider collaboration model,”*"**? research is needed on
factors that contribute to sustained patient engagement with the

process of collecting and using PGHD.

Significance of This Review
Our analysis draws upon prior research that compared the perspec-

D,>*?’ and extends that

tives of patients and providers on PGH
work by generating an integrated set of requirements substantiated
by multiple primary sources. The findings of this review substantiate
findings from a federally-commissioned report, which relied on ex-
pert opinion,'® with an analysis of primary source data from the 2
groups directly involved in collection and use of PGHD. Rich pri-
mary data from patients and providers offers increased validity and
depth of understanding of the technical challenges, policy and reim-
bursement issues, the need for clinical guidelines, and the lack of
sustained engagement by patients recording PGHD. Furthermore,
by analyzing patient and provider needs in relation to each other,
points of convergence and divergence emerged. This information
may be applied to developing systems to improve the collection and
use of PGHD through accommodating the needs of both user
groups, thereby potentially increasing the likelihood of success.

Implications for Policy and Design

Overall, the findings suggest that expectations should be set between
patients, providers, and other relevant stakeholders (e.g., adminis-
trators, reimbursing agencies, and technology vendors) from the
very beginning of the process — including identifying and reconciling
differences in those expectations. Transparency in this process may
be an approach to avoid frustration and confusion. Goals for col-
lecting and using PGHD need to be explicit, as our findings illustrate
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Table 4. Synthesis of Claims According to Theme and User Group

Theme

Convergence: patients and providers
identified a need and shared similar
perspectives

Divergence: patients and Patient identified
providers identified a need
need and held opposite
perspectives

Provider identified need

Clinical

Logistic

Technology

PGHD can enhance the working
relationship between patients and
providers

PGHD can facilitate provider monitor-
ing

Patient emotional needs can be met by
providing PGHD

PGHD can worsen the patient-provider
relationships

PHGD not directly pertaining to a clini-
cal problem, or “contextual
metadata,” can be valuable for
understanding the relevant PGHD

Contextual metadata can be used for
decision making to improve care

Patients need help interpreting their data

Providers can leverage PGHD for health
education and counseling

Patients and providers can lose motiva-
tion to collect and use PGHD

Patient motivation can wane if benefits
from self-monitoring are not immedi-
ate

Patient motivation to collect PGHD
can increase with peer and provider
support

Patients and providers need visualiza-
tions to be customizable

Patients can use visualizations to help
them make lifestyle adjustments that
improve their health condition

Patients may need to customize data
entry

Providers may need customized patient
data entry to support clinical decision-
making

Patients and providers need PGHD inte-
grated into existing systems

PGHD integrated into existing systems
may reduce confusion and frustration

PGHD integrated into existing EHRs
could improve care coordination and
communication across providers

Patients and providers need a summary
of the data that is rapidly understand-
able and cues them to action

Patients and providers may not trust
automated data summaries

Need training and
support before
collecting
PGHD

May want pro-
viders to con-
stantly monitor
their PGHD to
dispel their
doubts

Concerns about
how their data
is used, re-used,
and how exten-
sively it might
be shared

Patients want a timely re-
sponse (e.g., within 4 h)
while providers fear a
requirement for rapid
response may disrupt
workflows and care of
other patients

Providers need to manage
patient expectations re-
garding the review pro-
cess

Goals for collecting and
using PGHD may be
different

Expect that data
summaries may

Patients want the option
to electronically com-
municate with pro- answer their

viders about their

PGHD while providers

fear it could compro-

mise the professional

relationship

questions with-
out having to
contact provider
Confusion about
whether their
PGHD collec-
tion is private
and confidential

May want access to PGHD
collected for other purposes
or for other providers

PGHD has value in emer-
gency situations

PGHD is not customary in
current provider work-
flows. Need protocols to
guide responses to PGHD

May have questions about
their role when responding
to PGHD

Legal and ethical concerns
about receiving PGHD that
is outside of their scope of
practice

May need to delegate data
management

Motivation to review PGHD
can improve with incen-
tives.

Current clinical workflows
and incentive structures re-
duce motivation to review
PGHD

Need to make time for
PGHD data review

Need methods to reduce the
time burden for PGHD re-
view

Concerns about liability and
the risk of “information
overload”

May select a subset of
patients from whom to
receive PGHD

May encourage all of their
patients to self-monitor

Need to customize visualiza-
tions to save time.

Uncertain about privacy
issues with PGHD from
minors

Providers are uncertain about
the quality of PGHD.

Need to distinguish data
recorded by patients versus
by healthcare professionals
in other settings

Need standardized data sum-
maries to reduce the time
burden of sifting through
PGHD

Need standardized definitions
of data types
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that these can be different. Before implementing a tool, technology
vendors are advised to follow best practices for engaging patients
and providers in specifying system requirements for flexibility, stan-
dardization, visualizations, messaging, data summarization, and in-
tegration.*>** Administrators can identify and seek to mitigate
workflow barriers such as scheduling, role delegation, and scope of
practice. Policymakers should analyze current incentive structures
for patients and reimbursement for providers. Future research that
examines the health outcomes and the cost-benefit of PGHD com-
pared to standard care can produce the evidence to drive policy to-
wards incentivizing the collection and use of PGHD.

CONCLUSION

Patients and providers share many common needs when collecting and
using PGHD in practice. These needs are clinical (maintain a relation-
ship, data interpretation, contextual metadata), logistic (motivation,
negotiation, convenience/usability, and transparent provider roles), and
technological (customizable visualizations, flexible data input, elec-
tronic integration, simple actionable data summaries, and management
of data quality and security concerns). Differences between patients
and providers arose in these 3 main categories as well, mainly centering
on patients’ needs for reassurance, instruction, and communication
with providers, as compared to providers’ needs to limit scope of
PGHD, standardize it, receive it from only certain patients (in many
cases), and have clear clinical guidelines to follow in responding to it.
Patients and providers are the 2 primary stakeholders directly in-
volved with PGHD collection and use, and their needs in this pro-
cess are inextricably linked. As momentum gains for PGHD to
become fully integrated into the healthcare system, these perspec-
tives are critical to ensure their needs are concurrently being met.
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Appendix C: iPhone® Helping Evaluate Atrial Fibrillation Rhythm through Technology
(IHEART) Trial Surveys providing data for the study in Chapter Three

1. The Canadian Cardiovascular Society Severity of Atrial Fibrillation (SAF) Scale

Supplemental Material

Canadian Cardiovascular Society
Severity of Atrial Fibrillation (SAF) Scale

[Step 1-Symptoms

Identify the presence of the following symptoms:
Palpitation
Dyspnea
Dizziness, presyncope, or syncope
Chest pain

Weakness or fatigue

Step 2 - Association
Is AF, when present, associated with the above-listed symptoms (A-E)?
For example: Ascertain if any of the above symptoms are present

during AF and likely caused by AF (as opposed to some other cause).

Step 3 - Functionality
Determine if the symptoms associated with AF (or the treatment of AF) affect the

patient’s functionality (subjective quality of life).

Downloaded from circep.ahajournals.org at Columbia University on January 27, 2012
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CCS-SAF Class Definitions

Class 0
Asymptomatic with respect to AF

Class 1
Symptoms attributable to AF have minimal effect on patient’s general QOL.

Ominimal and/or infrequent symptoms, or
[Isingle episode of AF without syncope or heart failure

Class 2
Symptoms attributable to AF have a minor effect on patient’s general QOL.

[Jmild awareness of symptoms in patients with persistent/permanent AF, or

[Irare episodes (e.g. less than a few per year) in patients with paroxysmal or
intermittent AF

Class 3
Symptoms attributable to AF have a moderate effect on patient’s general QOL.
[Imoderate awareness of symptoms on most days in patients with
persistent/permanent AF, or

[’more common episodes (e.g. more than every few months) or more severe
symptoms, or both, in patients with paroxysmal or intermittent AF

Class 4
Symptoms attributable to AF have a severe effect on patient’s general QOL.

[lvery unpleasant symptoms in patients with persistent/paroxysmal AF and/or

[frequent and highly symptomatic episodes in patients with paroxysmal or
intermittent AF and/or

[Jsyncope thought to be due to AF and/or

[Jcongestive heart failure secondary to AF

Downloaded from circep.ahajournals.org at Columbia University on January 27, 2012
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2. The Atrial Fibrillation Knowledge Scale

The Atrial Fibrillation Knowledge Scale (AFKS)

1. What are the trigger factors for Atrial Fibrillation?
Allergy to grass, animals or house dust
Alcohol, coffee, or spicy food
Noise or loud sounds

2. Why is it important to take my medication for Atrial Fibrillation properly?
Because the doctor wants me to
To prevent severe consequences of the arrhythmia
To prevent the possibility of a heart attack or sudden death

3. If Atrial Fibrillation is identified without the patient experiencing any complaints, the patient should
immediately visit the hospital.

True

False

Don’t know

4. What is Atrial Fibrillation?
A heart disease in which the heart is not able to pump a sufficient amount of blood through the body
A blood disorder causing blood clots in the heart
An electric disorder in the atria of the heart which results in the heart contracting too fast and
irregularly

5. Why is oral anticoagulation medication prescribed in certain patients with Atrial Fibrillation?
To prevent the risk of blood clots which can cause a stroke
To make the blood flow more easily through the body
To prevent fluid retention in the body

6. Why should a person using anticoagulation medication be careful with the use of alcohol?
Alcohol increase the retention of fluid in the body resulting in the blood becoming too thin
Alcohol causes blockage of the blood vessels which in turn, slows blood flow to the heart
Alcohol influences the effect of the medication and this effects the clotting ability of the blood

7. Atrial Fibrillation is a rare condition.
True
False
Don’t know

8. It is particularly risky if a person does not feel his/her Atrial Fibrillation.
True
False
Don’t know
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9. Which statement with regard to physical exercise is true of patients with Atrial Fibrillation?
It is important for patients to rest in order to maintain normal heart activity
Patients with chronic Atrial Fibrillation cannot work fulltime
It is important to exercise normally within personal limitations

10. Which statement is true?
Atrial Fibrillation is life-endangering because it can result in a heart attack
Atrial Fibrillation is completely harmless
Atrial Fibrillation is harmless if the right medication is taken

11. What is the function of the thrombosis center?
To monitor blood clotting and the number of tablets taken each day
To determine if the arrhythmia is present
To determine if the patient needs to continue taking oral anticoagulation

Reference:

Hendriks JML, et al. The atrial fibrillation knowledge scale: Development, validation and results. Int J Cardiol,
2013.
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3. Baseline Experience with Technology Questions

iHEART: Baseline Comfort/Experience with Technology Interview Questions

Do you currently own a cell phone? YES NO
Do you currently own a smartphone (iPhone, Android, etc.)? YES NO
2a. Do you use your smartphone to browse the internet? YES NO
2b. Do you use your smartphone for email? YES NO

2c. Have you ever downloaded an application on your

. . R YES NO
smartphone without any outside assistance?

Do you currently send or receive text messages? YES NO

3a. Have you ever received and followed a link to a website

YES NO
from a text message?
Do you have access to and use a computer/laptop or tablet YES NO
at home?
4a. Do you have highspeed/wireless internet access? YES NO
4b. Do you feel comfortable using your computer to browse YES NO

the internet?

Which of the following statements best describes your use and adoption of new

technologies?

A. You tend to try new technologies when they are new, before others

B. You wait a little to see that the new technology has been tested, but adopt them more
quickly than the average person

C. You tend to wait until a technology is widely used before trying it

D. When it comes to adopting new technologies, you tend to wait and are one of the last to
try

Have you done any of the following to obtain information about your health? (CIRCLE ALL

THAT APPLY)

A. Searched for health related information on the internet

B. Used an electronic organizer or other electronic method to keep track of doctor
appointments

C. Used an electronic organizer or other electronic method to keep track of medications

D. Used technological devices or systems to assist with your healthcare needs

Do you feel you will face challenges using the iHEART
technologies (smartphone, AliveCor ECG monitoring, text YES NO
messaging) if randomized to the iHEART group?

7a. If YES, tell me some details about what challenges you may face with any of the iHEART
technologies:
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4. IHEART Patient Satisfaction Survey

Gb CorumBIA UNIVERSITY
WAL/ MepicaL CENTER

Discover. Educate. Care. Lead.

iIHEART Patient Satisfaction Survey

The purpose of this survey is to collect information regarding how you felt participating in this study. All
contents of this survey have been approved by the Columbia University Institutional Review Board (IRB). Your
responses will be kept confidential and anonymous. Thank you for your time.

Age: Race/Ethnicity: _ Asian
____Pacific Islander
Gender: ___ Black/African American
Male ____American Indian/Alaska Native
___ White (Not Hispanic or Latino)
Female ____Hispanic or Latino

YRS

ad
GREAT|GOOD| OK | FAIR [POOR

Please circle how you felt in each category: 5 4 3 2 |

1. Ease of using the device:

With vour fingertips 5 4 3 2 1

On your chest wall 5 4 3 2 1

Overall convenience of the device 5 4 3 2 1

Overall portability of the device 5 4 3 2 1
2. Using AliveCor™ application on iPhone:

Layout of the application 5 4 3 2 1

Ease of using the application 5 4 3 2 1

Collecting the ECG with the application 5 4 3 2 1

Saving ECG readings using the application 5 4 3 2 1
3. Initial device training with the study team:

Explanation of the device and how it works 5 4 3 2 1

Showed methods of obtaining an ECG reading with the device 5 4 3 2 1

Answered your guestions in a way you could understand 5 4 3 2 1
4. Follow-up sessions with the study team:

Explained your ECG results in an understandable way 5 4 3 2 1

Answered any guestions you had about ECG results 4 3

Overall quality of the follow-up sessions 5 4 3 2 1
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Please circle how you felt in each category:

GREAT

5

5. Behavioral Altering Motivational (BAM) Messading:
Ease of understanding the text messages

GOOD
4

POOR
1

Usefulness of BAM messages in quiding healthy choices

Usefulness of BAM messages to change your health behavior

Quantity of text messages received

(G210 (€2 (2 I (6]

6. Overall Satisfaction:

Using the device once daily

ol

B i E S E

W W W W

w

NN NN

N

N N N

[E

With the device in general

7. What made it EASY to use the AliveCor™ device?
(PLACE CHECK MARK NEXT TO ALL THAT APPLY)
______Simple device

______ Technical support from the study team
_____Help from my family/friends

______I'm comfortable with electronics

Text message reminders from the study team

| felt good knowing someone was looking at my ECGs daily

Other (please list)

8. What made it DIFFICULT to use the AliveCor™ device?
(PLACE CHECK MARK NEXT TO ALL THAT APPLY)
1 had to change my regular routine

I had too many other things on my mind

______New electronic equipment is hard for me to get used to
|l didn’t have anyone help me

__ldidn’t have reminders

Other (please list)

9. Did the reminder texts help you to remember to send your ECGs daily?

Yes

No
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10.

How easy was it for you to incorporate daily ECG recordings into your routine?

1.

Did you have trouble using your device? If “yes,” how so?

12.

Do you feel the device is beneficial?

13.

Do you feel more health-conscious after participating in the study using technology?

14.

What do you like best about using the device?

15.

What do you like least about using the device?

16.

Suggestions for improvement?
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Appendix E: Hlustrative Quotes from Participants in the study in Chapter Four

1. Ease of Use

1.1 Similarities in Ease of Use

“I think it’s pretty user-friendly... Three fingers on each side and it saves automatically.
And for the patients in our research study that are connected to our patient portal, so then
they don’t even have to do anything further.” —Provider 3

“It's very handy. It's small. If I'm travelling I can bring it with me and not worry about the
size and stuff. | remember when they first let me out of the hospital they attached me
device that measure my heart rate and stuff like that. It was very cumbersome and this is
just terrific.” —Patient 13 (engaged)

“It was easy at the beginning, it was easy at the end.” —Patient 1 (unengaged)

“For the most part, most patients do not document symptoms. Most patients just transmit,
in our study.” —Research coordinator 1

1.2 Differences in Responses to Technical Issues

“Sometimes...if there was a microwave or something going on in the area, it gave a false
reading... I’ll wait maybe like 30 or 40 seconds or something, maybe clean my fingers,
and redo the test. And usually it shows up as normal.” —Patient 3 (engaged)

“I've been working out quite a bit. I can walk in about seven to eight miles a day. I figured
maybe the EKG isn't reading correctly or it’s just coming up unclassified because [the
heart rate is] so low. I wasn’t concerned at all.” —Patient 4 (engaged)

“I didn’t feel safe in my ability to get accurate readings. You’re really talking about sitting
in your own body and getting scary information...I’m sitting here panicking whether or
not, | mean, | feel okay but this machine is telling me that I’m not okay.” —Patient 1
(unengaged)

1.3 Differences in Healthcare Provider Feedback

“I did have several false readings...those would at first bother me a little bit but after |
saw the doctor the first time he said don’t pay attention to those...He took that off the
table for me to worry about and we spend more time on other things.” —Patient 9
(engaged)

“I stopped because it said unclassified and...nothing was happening. And | was going
insane. What was going on? I wanted feedback.” —Patient 11 (unengaged)

“It would’ve been nice in the early days to have some sort of positive recognition that,
you know, “received” or something...Because it was just... Is this really going
somewhere?” —Patient 2 (unengaged)

“If you hear from someone who is supposedly a human being to look at it and check it,
then you’ll feel more confident that it’s probably right.” —Patient 1 (unengaged)
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“Some of the patients have a misconception about it...someone’s sitting there and
watching it and then they’ll give feedback right away. But unless somebody opens the
email and loads it in, and downloads all the different tracings, then there’s no intervention
right away. So that’s the only downside of it.” —Provider 4

2. Usefulness of the technology

2.1 Similar Usefulness of Identifying Rhythm

“With this I get affirmation each day that there’s normal heartbeat, no abnormalities” —
Patient 2 (unengaged)

“My life would be much, much different without it, just because of the stress that not
knowing causes...that lack of assurance that I'm in rhythm in itself causes stress. So,
having that AliveCor device...it just reassures me.” —Patient 13 (engaged)

“For the first time it allows patients to record their own EKG with a very high quality
device that they can keep with them indefinitely. So that is a major shift in the way we’ve
been able to monitor patient’s EKG’s for arrhythmia.” —Provider 6

2.2 Differences in Insights and Perceived Value of the Data

“If I went for a walk or something, then again when I got home from the walk I would do
it. Just to find out, for my own information, if there was any kind of effect from any
outside activities.” —Patient 3 (engaged)

“Sometimes I'll forget to take the medication but I never forget [Alivecor]...I know why.
Because I value the feedback that it gives me tremendously.” —Patient 13 (engaged)

“I guess if I went into A fib and believed the readings, it would definitely help me to
contact my cardiologist and discuss our options. So to that end it would be useful, but
when you think something’s not working it’s just worse.” —Patient 1 (unengaged)

“You guys know if it’s a weird reading, but I don’t know that it’s a weird reading...I
mean, I feel okay but this machine is telling me that I’m not okay.” —Patient 1
(unengaged)

“AliveCor creates too many false positive readings where it says atrial fibrillation or
possible atrial fibrillation. 1t seems like it needs more work because then it creates when
it’s false positive it’s creates anxiety and unnecessary phone calls and emails just because
the computer said it was atrial fibrillation.” — Provider 6

“You just told me something I never noticed. That I can go back and see it all. I didn’t
know that. I never looked at it.” —Patient 10 (unengaged)

“I’m blissfully unaware of other stuff that I should want to know... I don’t know if there’s
any other data that would be meaningful to me.” —Patient 2 (unengaged)
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2.3 Differences in Healthcare Provider Feedback

“AliveCor was an improved process for both me and for the physician because they had
something that they could read...that was not a patient testimonial.” —Patient 9 (engaged)

“It’s potentially a long-term commitment... to stay engaged as we can to try to sort out
why they’re having this rhythm problem and identify any triggers. Often there are not
identifiable triggers. Sometimes there are. But again, most of the patients are willing to do
that.” —Provider 5

“So, I was using it for quite a while...When I stopped, and I think part of it was getting
the message unclassified kind of made wonder what the utility of this thing was. It was
unclassified. What does that mean? And nobody guided me... I originally joined this
study because | wanted to know what was going on.” —Patient 10 (unengaged)

“I, in fact, encourage them to not check it as often... We have a treatment plan, there’s
really not much else that we can glean from the data, and so for them to perseverate on it
— it just doesn’t serve any purpose besides potentially causing more anxiety about it.” —
Provider 5

3. Facilitating Conditions

3.1 AF Severity: Long AF Histories but Varying Proactive Behaviors

“The first time I didn’t take it seriously and then by the third I said enough is enough.
Like I said | switched my diet. | started working out and I'm hoping not to have that again
because I really don’t want to have an ablation.” —Patient 4 (engaged)

“I tried to use it every morning right after the ablation and pretty much through the first
six months, I was probably pretty religious about it...As my rhythm returned to just a
bunch of more normal kind of activity it became something I checked less.” —Patient 9
(engaged)

“After I had the ablation and it went back that quick, you know, a few hours later, that
was, yeah, that was a disappointment.” —Patient 2 (unengaged)

“I’m no longer in [AF], at least, each time that I’ve been checked since the
[intervention]... | go in about every six weeks, just to be checked.” —Patient 1
(unengaged)

“It’s not that they lost interest. The issue is that for the clinical part... treatment is
achieved and the patients are doing well...They’re not less engaged, they’re appropriately
using it.” —Provider 1

“These [engaged] people they know if they’re out of rhythm, because that’s the only time
they’re using it. If they’re less using it, they’re doing great, the ablation worked. The only
issue will be the asymptomatic one. Those are the ones, they’re going to miss it.”” —
Provider 2
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3.2 AF Knowledge: Differences in Uncovering Self-knowledge

“[This] patient population happens to be in general very sophisticated and educated so I
can’t say this is generalizable to all patient populations. Almost all the patients have smart
phones and so that says something.” —Provider 6

“I think that what changed was my sense of how this problem was affecting my day to
day life...the one doctor that I had since I was using [AliveCor] was pretty aware of what
was going on with my body as a result of it. | don't think that the AliveCor affected his
knowledge of what was going on with me. | think it was my own understanding of what
was going on.” —Patient 13 (engaged)

“[My doctor] had told me that relatively speaking [caffeine is] the least effective trigger
for me. He said alcohol is the worst and it definitely is, there's no question.” —Provider 7
(unengaged)

3.3 AF Symptoms: Driving Use for Unengaged Patients
“It’s like...Atrial Fibrillation hiding out on you” —Patient 10 (unengaged)

“Without the device, no other way to do it... it’s not I can feel [my symptoms] in my
body necessarily, but I can certainly feel them in my energy level, if I’'m in AFib or not.
So the Kardia device sort of corroborates my AFib symptoms because I’m thinking I'm
having it because of my energy level being up or down.” —Patient 6 (engaged)

“When I feel fine, I’'m not gonna use it.” — Patient 5 (unengaged)

“I probably use it too much because every time I have chest pain, I just pull it out. And
after a while, | just stop that...Because I can’t be doing it all the time.” —Patient 5
(unengaged)

“Well, I guess it’s how you feel...I’ve been on a six or eight week cycle of seeing my
cardiologist. And I’'m more comfortable with that.” —Patient 1 (unengaged)

“Most patients... are not always out of rhythm when they do document symptoms, and
not always an A fib when they do document symptoms. .. they might feel light-headed or
something at that particular time. So a lot of the time, what they perceive to be something
is not always the case.” —Research Coordinator 1

“[My symptoms are] not at all predictive anymore, it seems.”

4. Moderators: Age, Gender, and Experience with Technology

4.1 Age

“I have a mother who has AFib, she's 85, she's not using any technology because she's 85.
It took me three years to convince her to get a laptop. So she can read email and still
doesn't know how to open attachments so she is never going to use something like the
device.” —Patient 7 (unengaged)

“I’ve been surprised by how easily patients even in their 60’s, 70’s and 80’s have adopted
using this. Not a lot of pushback. Patients find this empowering and patients like having
this.” —Provider 6
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4.2 Experience with Technology
“I know my way around the computers” — Patient 4 (engaged)

“I picked it up very easily. It was simple. And I’m not very good—I can’t even program a
remote control.” —Patient 5 (unengaged)

“I found a free app that’s called heart rate something... this was before Kardia. It takes
the pulse through your thumb... I could see where I was heart rate wise.” —Patient 8
(engaged)

“I did a diary for my cardiologist. It was more about how much medication I should take
and how I was feeling within the first couple of hours after | take it.” —Patient 1
(unengaged)

“It’s not always the most cognitive or the most savvy individual. Our first patient in the
trial would comply with sending his transmissions, and he wasn’t the most tech savvy
person. But his enthusiasm for his care was there.” —Research Coordinator 1

5. New Factors

5.1 Personality traits and behavioral tendencies

“I’d like to live a long healthy life and being 50 years old, it’s time to make a change. I'm
hoping...I can continue to have a quality of life as I grow older.” —Patient 4 (engaged)

“I would want to know if there’s something wrong. I’m worried about not doing OK and
not knowing about it.” —Patient 11 (unengaged)

“There are patients who, psychologically, just want to reassure themselves...once they see
something unusual from the baseline...they panic. Once they panic, or they just see
something different, they call right away.” —Provider 1

5.2 Relationship with Healthcare Provider

“With the AliveCor™ device at Columbia, I feel like I am, you know, 99% in tune with
them, or they with me, because it just gives them such important information.” —Patient 6
(engaged)

“Oftentimes the physician’s assistant will get it and she will refer to it and talk it over
with the doctor, so he always knows what’s going on too, and then by email, she’ll write
me back and say, you know, I think that you should continue with a certain medication
and maybe stop this one, et cetera, but keep sending this to us because they’re very
helpful.” —Patient 6 (engaged)

“There should be some way to use this equipment to my advantage beyond supporting the
efforts of someone like Dr. X or collecting data for medical research...I’m happy to share
my information but it seemed like a one-way street where you guys were just taking my
information and I’m out there on my own. Without a contact in the event of something
like the machine not working correctly.” —Patient 1 (unengaged)
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“Anybody in the medical system needs an advocate, and you’ve got to be an advocate
person foremost yourself...we all know that there’s an awful lot of stuff that we can do to
impact that care and impact our general well-being and so forth...we’ve got to be
involved.” —Patient 2 (unengaged)

5.3 Creating Supportive Environments

“It’s just part of my daily ritual...first thing I do when I wake up, it’s right by my
nightstand. Just pick it up, check my messages of course, see my EKG 30 seconds and in
the shower and get the day started.” —Patient 4 (engaged)

“Wallet, dollar bills, glucose tablets. Everything goes in my pockets, along with that
[AliveCor] device, so I carry with me all the time.” —Patient 7 (unengaged)

“If I've missed the night | know to do it early in the morning and then just do twice the
next day. It’s rare...If I'm traveling I’1l take it with me.” —Patient 8 (engaged)

“Remembering was difficult but my wife was very helpful in the evenings and in the
mornings.” — Patient 13 (engaged)

“I’m still using it right now. And I’m planning to sign up to use it after the trial
period...it’s a big help for me! At least I would know, and then if I did have a problem, I
could go into the hospital and get it attended to before it turns into some sort of dangerous
issue.” —Patient 3 (engaged).

“On weekends I didn't do it...from the beginning I wasn't doing it every day. I guess, I
just forgot it. I don’t take it to work.” —Patient 11 (unengaged).

“I find that most of my patients after the study is over stop doing it every day, or they stop
doing it at all. Other people lose the device or they don’t replace the battery.” —Provider 6
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