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Abstract

Introduction: Many patients use mobile devices to track health conditions by recording patient-
generated health data. However, patients and clinicians may disagree how to use these data.

Obijective: To systematically review the literature to identify how patient-generated health data
and patient-reported outcomes collected outside of clinical settings can affect patient—clinician
relationships within surgery and primary care.

Methods: Six research databases were queried for publications documenting the effect of
patient-generated health data or patient-reported outcomes on patient—clinician relationships. We
conducted thematic synthesis of the results of the included publications.
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Results: Thirteen of the 3204 identified publications were included for synthesis. Three main
themes were identified: patient-generated health data supported patient—clinician communication
and health awareness, patients desired for their clinicians to be involved with their patient-
generated health data, which clinicians had difficulty accommaodating, and patient-generated
health data platform features may support or hinder patient—clinician collaboration.

Conclusion: Patient-generated health data and patient-reported outcomes may improve patient
health awareness and communication with clinicians but may negatively affect patient—clinician
relationships.

Keywords

patient-generated health data; patient reported outcomes; primary care; professional-patient
relations [Mesh]; surgery

Introduction

Many people in the United States have access to smartphones and may be interested in
health tracking. In 2018, 77% of US adults owned smartphones,! and in 2016, at least
325,000 mobile health applications (mHealth apps) were available to help smartphone
owners track their health.2 In the same year, 64 percent of teens and young adults reported
using mHealth apps to track their health or address a health concern.? In addition, Krebs
and Duncan 2015 found that more than half of smartphone owners had downloaded a
health-related mobile app, with most using the app at least once per day. The most common
reasons for downloading an app were to track physical activity levels, record diet intake, or
to learn more about exercising.*

The data collected by patients are examples of patient-generated health data (PGHD) and
patient reported outcomes (PROs). PGHD and PROs are “health-related data—including
health history, symptoms, biometric data, treatment history, lifestyle choices, and other
information—created, recorded, gathered, or inferred by or from patients or their designees
(i.e. care partners or those who assist them) to help address a health concern.”® PROs are a
form of PGHD captured in a patient’s home, clinic, or hospital.5 The impetus for collecting
these data may be due to a patient’s self-motivation to track their health or at the direction
of a clinician.® Examples of PGHD and PROs include a patient’s health history, symptoms,
biometric data, treatment history, health behaviors, satisfaction, and quality of life.>~7 These
data can be passively or actively collected by patients using mHealth apps, wearable devices
(e.g. activity trackers), medical devices (e.g. continuous glucose monitoring systems),8 or
validated questionnaires® administered using mobile devices.10

Almost half of the patients or caregivers who collect the PGHD report that the practice
changed their approach to maintaining their health.11 For example, they asked their
clinicians new questions, sought second opinions, or reflected about their healthcare
decision-making. While PGHD is a useful tool for patients, patients and clinicians

may disagree about how PGHD should be used to address health concerns, and these
disagreements could negatively impact patient—clinician relationships.12 Patients may expect
their healthcare team to review their PGHD and respond within a short time frame with
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detailed explanations on how to interpret the data. This could be disruptive to existing
clinical workflows, and clinicians have expressed concerns about the time needed to discuss
PROs during short clinic appointments.13

Some research has begun to identify how PGHD and PROs affect patient—clinician
relationships. However, previous systematic reviews have focused on: clinician perceptions
of PGHD quality,14 PGHD to support diabetes self-management and education,® the use of
PROs in randomized clinical control trials,16:17 strategies to improve PRO data collection,18
and assessing PRO implementations in specific health domains.19-21 Our objective was to
systematically review the literature to identify the effect of PGHD and PROs on patient—
clinician relationships within surgery and primary care.

Focus and search strategy

In this review, we focused on how PGHD and PROs collected by surgery and primary care
patients in everyday life (i.e. outside the clinic) can affect patient—clinician relationships. We
initially focused on surgery because of the potential tensions between patients and clinicians
using PGHD as identified in a previous study.1? In this study, patients and clinicians
disagreed about the use of unstructured PGHD, the frequency of recording PGHD, electronic
messaging about PGHD, and their goals for using PGHD. We included primary care in our
search strategy, in addition to surgery, due to the large number of mHealth apps developed

to facilitate collecting PGHD for chronic conditions,22-27 which are managed by primary
care clinicians.28:2% We also limited our scope to data collected outside of clinical settings to
align with the definition of PGHD and PROs.5

With the assistance of a health sciences librarian, we developed our search strategy and
terms by identifying keywords and MeSH terms associated with the focus of this review. We
queried six research databases that focused on health or information technology domains:
MEDLINE, Embase, CINAHL Plus, PsychINFO, IEEE Xplore, and the ACM Digital
Library for publications published between January 1, 2006, and October 13, 2017 (the
date on which databases were queried). We chose this timeframe for two reasons. First, we
wanted to focus on recent PGHD and PRO developments during the transition of mobile
devices from predominantly cellular phones to smartphones. Smartphones can be used

to collect PGHD or PROs and share these data with clinicians.8-19 The US smartphone
ownership in 2006 comprised approximately 2% of all mobile phones3? and increased to
77% in 2018.1 Second, the 2009 Health Information Technology for Economic and Clinical
Health Act3! required hospitals to accept digital PGHD from a subset of their patients by
2015.32 The search strategy was supplemented by hand searching the citations contained
within systematic reviews that were retrieved by the initial search queries. The search
strategies used for this review can be found in Supplemental Table 1.

Eligibility criteria and screening

We included primary research publications describing or documenting the effects of PGHD
or PROs on patient—clinician relationships in surgery and primary care when the data were
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collected outside of clinical settings. Patients could have recorded PGHD or PROs at the
direction of a clinician, as part of a research study, or initiated by the patient. Publications
retrieved by the queries that incorporated other health domains (e.g. gastroenterology) in
addition to surgery or primary care were also included. We excluded publications that only
focused on patient or clinician satisfaction using PGHD or PRO platforms as they did not
address how PGHD and PROs affect the relationships between patients and clinicians.

Retrieved publications were uploaded into Covidence,33 a platform that facilitates abstract
screening and full-text eligibility assessment activities for systematic reviews. Duplicates
were identified and removed prior to abstract screening using Covidence and manual review.
RL and SM independently screened titles and abstracts against the inclusion and exclusion
criteria using Covidence. Disagreements were resolved by consensus. Full-text publications
were then reviewed and independently assessed against the inclusion and exclusion criteria
by RL and SM. Disagreements were resolved with an independent assessment by LK.
Cohen’s Kappa was calculated using STATA34 to assess RL and SM’s inter-rater full-text
study eligibility agreement.

Data extraction

The following information was extracted from the included publications: objective,
participant demographics, the types of PGHD and PROs collected by patients, and
the published results or findings. All text-labeled results or findings from the included
publications were copied verbatim and uploaded into Dedoose.3®

Synthesis of findings

We followed the Enhancing Transparency in Reporting the Synthesis of Qualitative
Research (ENTREQ) statement,38 which informed our thematic synthesis of the publication
results and findings.3” The ENTREQ statement consists of 21 items to promote transparency
in qualitative synthesis research and is analogous to the quantitatively focused Preferred
Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement. We chose
to use thematic synthesis because it is widely used in healthcare systematic reviews3® and
has been previously used in a review focusing on patient perspectives of patient—physician
relationships.38

A hybrid approach using both inductive and deductive methods was used to code the text
included for final synthesis.3 An initial code book was developed based on the previous
research regarding the potential effects of PGHD on patient—clinician relationships.12 RL,
SM, and LK initially coded a subset of the studies line-by-line independently and met to
resolve coding discrepancies. The subsequent studies were all coded by RL and half were
coded by SM and LK. SM and LK resolved coding discrepancies with RL.

Once coding was complete, the authors met to develop descriptive themes regarding

how PGHD and PROs impact on patient—clinician relationships. The ENTREQ statement
calls for the comparison method within and across the included studies to be explicitly
identified. We chose the Systems Engineering Initiative for Patient Safety (SEIPS)
Implementation Model 2.0%0 to guide our comparisons. The model was developed to
facilitate the comparison of multiple health information system-specific socio-technical
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factors, work processes, and outcomes. The authors used the SEIPS Implementation Model’s
components to document each included publication’s characteristics. Specifically, the
authors summarized each included article according to the persons, tasks, tools, technology,
organization, internal and external environments, processes, outcomes, and adaptations.
The SEIPS implementation model publication summaries were used by the authors to
generate descriptive themes describing the effect of PGHD and PROs on patient—clinician
relationships across the included publications. Final descriptive theme summaries for each
publication were agreed upon by the researchers. Once the descriptive theme summaries
were developed; RL, SM, and LK independently drafted analytical themes and met to
develop a final set of analytical themes. The final analytical themes reflected the codes and
descriptive themes identified during the first two phases of the thematic synthesis.

Finally, RL assessed the quality of the included publications using the Mixed Methods
Appraisal Tool (MMAT),4! which is designed to assess the quality of a heterogeneous body
of the literature utilizing qualitative, quantitative, or mixed methods.#2 MMAT quality scores
range from 1 (one criteria component met) to 4 (all criteria met). The components assess

the studies to determine if criteria, such as the presence of clear research questions or
appropriate analysis methods, are incorporated into the included research publications for
synthesis.

Identification and selection

We identified 3204 publications; 3114 (97.2%) did not meet the inclusion criteria based

on their title and abstract. Ninety (2.8%) publications were included in the full-text review.
Of the 90 full texts, 77 (85.6%) did not meet the inclusion criteria (see Figure 1 for

a list of exclusion reasons). Thirteen (14.4%) of the 90 publications were included for

final qualitative synthesis.#3-55 None of the included publications were excluded based on
MMAT quality ratings. Figure 1 depicts the PRISMA flow diagram which illustrates the
number of records identified and included and excluded through the screening process.>8
Inter-rater agreement for the full-text screening process was 0.89, indicating almost perfect
agreement.®’

Included publication characteristics

Table 1 provides summary information about the 13 publications included in the final
synthesis. All included publications described or documented the effect of patients collecting
PGHD or PROs on patient—clinician relationships. However, only one of the 13 publications
included this as an explicit research objective.*6 One included publication focused on
surgical patients,*3 and the remaining 12 publications pertained to medical conditions
managed by primary care clinicians.*4-°° The publications were published between 2007
and 2017 and conducted in the United States (n = 6), Denmark (n = 1), South Korea (n

= 1), Finland (n = 1), Slovakia (n = 1), the United Kingdom (n = 1), Italy (n = 1), and
Canada (n = 1). The publications used qualitative (n = 8),43-45.48.50.52,53,55 qjantitative (n
=1),%9 or mixed methods (n = 4).46:47.51.54 sample sizes ranged from 2 to 800 patients and
from 1 to 21 clinicians. All publications described or documented patients recording PGHD
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and/or PROs for personal use outside the clinic. Three publications*’:5153 incorporated
parents or caregivers tracking PGHD or PROs on behalf of a child. The PGHD collected by
patients and/or caregivers can be found in Table 1. The MMAT quality scores of the included
publications ranged from 1 (one criteria component met) to 4 (all criteria met).

Synthesis of findings

We identified three main themes and six subthemes. The main themes were: (1) PGHD
supported patient—clinician communication and health awareness, (2) patients desired

for their clinicians to be involved with their PGHD, which clinicians had difficulty
accommodating, and (3) PGHD platform features may support or hinder patient—clinician
collaboration. Table 2 lists the analytical themes and subthemes.

Theme 1: PGHD supported patient—clinician communication and health awareness

PGHD fostered patient—clinician communication.—Patients and clinicians in

eight publications*3:45-48.50.53,55 yjiewed PGHD as a tool to enhance patient—clinician
communication. In one publication, clinicians perceived PGHD as a tool to support
clinician—clinician communication.>2 Five publications documented or described improved
patient—clinician communication when collaboratively using PGHD as a discussion tool,
such as identifying opportunities to improve patient health.45-47:54.55 |n two publications,
clinicians explicitly informed patients when to expect communication from the healthcare
team about their PGHD.52:53 Specifically, the clinicians let them know they would not

be contacted if their data appeared normal. In two publications, clinicians used PGHD to
provide emotional support to patients,*6:53 such as providing empathy regarding a patient’s
health experiences.46

PGHD improved the clinicians understanding of their patients’ health.—In
seven publications, clinicians modified their patients’ treatment plans after reviewing their
PGHD.45:46.48.52-55 |n six publications, clinicians used PGHD to identify patient treatment
or goal barriers.#8:50:51,53-55 pGHD was also utilized by clinicians in six publications to
gain a greater understanding of a patient’s health between clinic visits.#4-47:53.55 patjents
in three publications could record additional PGHD about the context of their health
condition in relation to their daily lives that they would share with their clinicians.47:49.52
Clinicians would use PGHD to set agendas with patients during clinical encounters in two
publications.>*5 Physicians in turn would use these agendas to focus clinical encounters
on pertinent patient issues identified in PGHD such as poor blood sugar monitoring®*

or specific concerns patients have difficulty articulating.>> Two publications reported that
clinicians used PGHD to identify whether patients’ personally identified goals were being
achieved.51:%5

Theme 2: patients desired for their clinicians to be involved with their PGHD, which
clinicians had difficulty accommodating

Patients desired clinician involvement with their PGHD.—In four publications,
patients wanted their clinicians to make the review of PGHD a central component of

their clinic visits or expressed a N/A: not applicable; APRN: Advanced practice registered
nurse; CHF: Congestive heart failureCOPD: Chronic obstructive pulmonary disease; CTG:
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Cardiotocograph; ECG: Electrocardiogram; ED: Emergency department; IBS: Irritable
bowel syndrome; OBGYN: Obstetrics and gynecology; PGHD: patient-generated health
data.desire for greater clinician involvement with their data during clinic visits,4°:46:49.52

In two publications, patients wanted clinicians to provide empathy or emotional support
after clinician PGHD review.4>46 In addition, in two publications, patients wanted clinicians
to acknowledge their efforts in recording PGHD.#>49 In one publication, some patients
perceived clinician acknowledgment as a reward for collecting the data.#> Clinician
acknowledgment also affected patient health management. In three publications, patients had
increased accountability and treatment adherence when clinicians asked about their tracking
behaviors and emphasized the importance of tracking PGHD.#546:55 |n three publications,
some patients were unable to draw actionable insights from their PGHD because they were
unable to make sense of their data on their own. This prompted them to seek greater
clinician involvement to aid in interpreting PGHD; #4652 one publication emphasized that
patients wanted a clinician review of PGHD review to result in personalized treatment and
action plans.#® While some patients desired their clinicians to be involved with interpreting
their PGHD, in four publications, other patients could make sense of their PGHD and
generate actionable insights independent of clinician review.4445:51,52

Clinicians had varied interest, encountered barriers, and identified
workarounds when integrating PGHD into clinical encounters.—Across
publications, clinicians had differing views about their roles regarding the collaborative use
of PGHD during their clinical encounters with their patients. In 11 publications, clinicians
would review PGHD and discuss the data with their pat ients.44-50.52-55 Alternately, in
eight publications, PGHD was identified by clinicians as an important educational tool to
improve patient self-awareness about their health conditions. This self-awareness in turn
could promote patient self-care and support goal attainment, potentially without clinician
involvement,44-46:48,49,52.53.55 |n three publications, physicians had varied levels of interest
in using PGHD,*® with some delegating PGHD review to other clinicians°%:5% and others
questioning whether additional health benefits would result from the clinician review of
PGHD.%

Clinicians also encountered barriers when integrating PGHD into clinical encounters. In
five publications, clinicians reported PGHD review barriers such as clinic appointment
time constraints, a lack of formal workflow integration policies, information overload, or
an absence of reimbursement incentives,42:47:52:53.55 Clinicians varied in their confidence
in their ability to effectively interpret PGHD during clinical encounters, which negatively
affected care planning and the suggestions they provided to their patients.*> Some clinicians
noted that reviewing PGHD within an online portal reduced the amount of time they had to
interact with patients in the clinic.52 In addition, when clinicians direct a patient to record
PGHD, either a lack of reimbursement incentives or poor integration of PGHD into clinical
workflow could result in clinicians being reluctant to engage with the collected data, which
can send patients mixed messages about the value of collecting or reviewing the data.>®

Clinicians employed or identified different methods to overcome PGHD review barriers
and facilitate the use of PGHD during clinical encounters. In two publications, clinicians
reviewed brief summaries of PGHD prior to meeting with patients, which facilitated
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PGHD clinical integration.#>54 Clinicians in three publications asked patients to verbally
summarize their PGHD to reduce the effort required to interpret PGHD during clinic
appointments.#6:53:55 |n six publications, clinicians identified certain types of patients
who benefited from PGHD more than others, which allowed them to recommend PGHD
collection to specific subsets of patients, potentially decreasing the overall burden of
assisting patients with data interpretation.#4:47-49.52.54 Examples of such patients are
those who are starting new treatments, who travel frequently, or who have severe/chronic
conditions.

Theme 3: PGHD platform design choices both supported and hindered collaboration

Trends, summary measures, and education supported PGHD clinical
integration and use.—In eight publications, clinicians and patients used trends and
summary measures depicted in graphs or charts to help make sense of PGHD.45:47-49,51-54
Two publications described designing the trends and summary measures to be quickly
interpreted by clinicians prior to seeing patients in the clinic.#>>* Clinicians and patients in
four publications received in-person training on how to use the PGHD platforms?4:47:48,52
and, in one of those publications, patients were financially incentivized to complete

an online tutorial.#” PGHD platforms in two publications incorporated patient-focused
educational materials about health conditions or data.”->2 Patients and clinicians in four
publications expressed a desire for an automated PGHD analysis, the ability to interact with
PGHD to highlight areas of interest, or additional data incorporated into trends and summary
measure tools to facilitate data review.44-46.52

Some PGHD platforms negatively impacted patient—clinician collaboration.—
Three publications identified specific PGHD tracking tools or PGHD collection methods
that hindered patient—clinician collaboration.#6:52:55 The clinicians in one publication
expressed concerns that using a diabetes PGHD platform could result in time-consuming,
redundant work and decrease the time they had to spend with patients.>2 Another publication
identified that PGHD platforms may lack enough flexibility to meet patient—clinician needs,
standardized data presentation to make the data useful for patients and clinicians, and
mechanisms for patients to easily share data with clinicians.®® In four publications, some
patients and clinicians perceived that use of PGHD platforms would result in reduced
face-to-face interaction and a negative impact on patient—clinician relationships.3:44:48.50 |n
particular, some patients expressed a preference for in-person communication.*3 In addition,
clinicians thought that not all of their patients-specific health conditions would benefit from
collecting PGHD;** preferred interacting with patients not computers;** identified they had
to trust the authenticity of patient data;*® desired to engage with patients during clinic
appointments in addition to remotely monitoring PGHD;8 feared contributing to the social
exclusion of patients by not directly interacting with their patients;®® and perceived it would
be challenging to accurately diagnose patient conditions without subjective information such
as patient appearance.®?
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Discussion

In this systematic review, we synthesized the existing literature to identify common

themes concerning the effects of PGHD and PROSs on patient—clinician relationships within
surgery and primary care. We identified that PGHD and PROs facilitated patient—clinician
communication, and these data provided additional context which improved clinician
awareness of their patient’s health states in between clinical encounters. In addition, we
found patients desired for their clinicians to be involved with their PGHD during clinic
visits, which clinicians had difficulty accommodating. Finally, specific PGHD platform
features either supported or hindered PGHD collaboration between patients and clinicians.

This research provides a novel synthesis of current research regarding how PGHD and
PROs affect patient—clinician relationships. Several of the included publications described
situations where patients who collected PGHD desired for their clinicians to assist with
analyzing their PGHD and provide insights as to how the patients could improve their
health based on the data. These same publications described instances in which clinicians
had difficulty accommaodating these requests alongside their existing work obligations

and practices. This finding is congruent with previous research we conducted!? and

shows potential implications for patient—clinician relationships. Unmet patient expectations
during clinical encounters, such as unsuccessful efforts to request medical information
from clinicians, can negatively affect patient satisfaction, treatment adherence, symptom
improvement, and relationships with clinicians.>8:59 Qur synthesis describes how the unmet
needs of patients collecting PGHD when collaborating with their physicians can contribute
to relationship tensions for both parties. In addition, this review characterizes how PGHD
can contribute to enhanced communication and shared understanding between patients and
clinicians. In general, medical information is focused on population-level knowledge and
not on individual patients and their priorities,5% which could result in differing patient and
clinician health perspectives.1.62 In addition, enhanced patient—clinician communication has
been associated with improved health outcomes and patient satisfaction.63-66 PGHD has
the potential to support shared understanding between patients and clinicians, which could
increase satisfaction,®” promote patient participation during clinical encounters,®8 patient
trust of their clinicians,%9 and treatment adherence.’® Finally, this review is congruent with
the few studies that exist that have identified the existence of workflow barriers when
integrating PGHD into clinical encounters®12.13 and identifies specific opportunities for
clinicians and healthcare organizations to promote the use and integration of PGHD into
clinical encounters.

The findings of this review establish guidance for mitigating negative impacts on patient—
clinician relationships when integrating PGHD into clinical encounters.

Establishing goals and setting expectations when using PGHD

We recommend clinicians work to communicate expectations for how patients and providers
will each use PGHD to support care. In our review, multiple publications suggested that
explicit conversations concerning the goals of both parties for collecting and using PGHD
may be needed before initiating data collection. Two included publications®2:53 developed a
clinician communication algorithm to indicate when a clinician should reach out to patients.

Health Informatics J. Author manuscript; available in PMC 2022 April 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lordon et al.

Page 10

Patients were taught about this algorithm to set expectations concerning patient—clinician
PGHD communication. Another publication®® reports that failing to set expectations may
result in mixed messages from physicians to patients as to the purpose and role of PGHD
in their relationships. Setting expectations can help both parties understand why and how
PGHD will be used to address patient health concerns.

In addition to setting expectations, we recommend patients and clinicians engage in an
ongoing, collaborative process incorporating input and agreement from both parties to
achieve the full potential of PGHD. Jahng and colleagues demonstrated that when patients
and physicians have congruent beliefs about how involved a patient is in their health
decision making, patients have better outcomes and higher levels of satisfaction.’”! Patient—
physician disagreement about how involved patients are in their own care may result

in lower rates of satisfaction.” Furthermore, research has demonstrated patient—clinician
collaboration for expectations setting is desired by both groups and feasible.”3:7* Our review
of the literature complements this research by demonstrating patients and clinicians may
have differing viewpoints or preferences as to how PGHD could be collaboratively used to
address health concerns. This was exemplified by one publication which identified patient—
clinician PGHD collaboration ceased due to a mismatch of each party being unable to agree
which tool works best to meet their needs.*6

We recommend clinicians openly share their rationale for encouraging patients to record
these data and the level of involvement patients can expect from their healthcare team.
Multiple publications report that patients and clinicians often do not explicitly discuss

their roles and expectations when using PGHD to address a health concern. During these
conversations, clinicians could ask questions to ascertain the patient’s preferred role in
healthcare according to the Match Model.”> Patients are categorized as members of one of
four categories depending on their health literacy and desired level of involvement in their
health. Patient—clinician conversations may need to be revisited during subsequent clinical
encounters and conversations because patients may shift to different Match Model quadrants
over time’® or develop higher levels of autonomy when using PGHD. In addition, this
process may result in contextualized and personalized patient plans of action, which can
directly affect a patient’s adherence.”6-80 This practice may help clinicians adapt their level
of collaboration to be congruent with the patient’s needs and preferences.

Integrating PGHD into clinical encounters

Patients who desire or need assistance with data review may encounter challenges or
limitations when engaging with their healthcare team. An example was patients may desire
greater involvement with their physicians to make sense of their data,4°46:49.52 which
clinicians may have difficulty accommodating.

Publications in our review identified two strategies to improve patient—clinician PGHD
collaboration. Two of the included publications*®:54 gave clinicians access to PGHD in
the form of summarized reports that could be interpreted quickly immediately prior to
patient encounters, which worked well for existing clinician workflows. In one study,*
clinicians reported sufficient time for data review as a result of the summaries. Another
strategy to improve PGHD collaboration, identified in three included publications,*6:53:55
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involved clinicians asking patients to verbally summarize their PGHD during clinic visits.
We recommend PGHD platform designers consider developing visualizations of trends and
summary measures using PGHD-focused applications such as Apple Health Kit,81 Google
Fit,82 or Samsung Health.83 These applications also have the potential to support electronic
health record integration, which could facilitate clinician access to the data using their
preferred platform. If clinicians or patients opt to use a PGHD platform that does not
incorporate trends or summary measures, we recommend clinicians ask patients to verbally
summarize their data during clinical encounters or request patients to prepare questions
about their PGHD prior to clinic appointments. Incorporating these three strategies into
PGHD platforms may improve PGHD clinical integration and collaboration during patient
clinic visits.

Augmenting the data review process with automated data analysis may reduce the burden
on clinicians to perform data review tasks on behalf of patients. For example, the web-based
PGHD aggregation platform exist.io supports the exploration of correlations between patient
self-tracking attributes and behaviors.84 Users can integrate multiple data sources, such as
Apple Health Kit, activity trackers, email, calendar, social media, and weather. Exist.io
analyzes how the data are interconnected and associated with health outcomes, such as
weight gain. Alternatively, trained clinicians could assist with annotating PGHD, which
could subsequently be analyzed to identify correlations between the data and the patient’s
health condition.8> These tools in turn may reduce the need for clinicians to assist with
patient PGHD review and could also be used to automatically identify patterns in PGHD

to aid clinician interpretation. Other recent work, however, cautions against overreliance on
quantification and automation, as qualitative, contextual data are often valuable information
for action planning and empathy.86

Opportunities to improve PGHD data collaboration

In this review, we identified how PGHD platform components may support or hinder
patient—clinician PGHD collaboration. One strategy to overcome the barriers of specific
PGHD platforms would be to create resources, such as physical spaces or websites, to

help identify PGHD platforms that better meet the needs of both patients and clinicians.
For example, the Ochsner Health System has created dedicated physical spaces in their
hospitals where patients can learn more about the various clinician-preferred mHealth apps
and devices to address their health concerns.8’

Another strategy to address PGHD platform barriers could be to conduct future design work
using participatory design methods. Participatory design incorporates all of the stakeholders
(e.g. clinicians and patients) in the design process®8 and has been previously used to design
a clinician focused PGHD dashboard for use during clinic visits.8? Involving patients and
clinicians in the design process has the potential to create PGHD platforms that better meet
the needs and preferences of both groups.

Recommendations for future research

While all of the publications included for final synthesis in this review described or
documented the effect of PGHD and PROs on patient—clinician relationships, only one
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publication explicitly had an objective to study how these data affect patient—clinician
relationships.#6 Additional research is needed to explicitly identify how these data and
technological platforms can positively or negatively impact the relationships between
patients and their healthcare team. For example, future research should consider how
PGHD has an impact on patient—clinician communication, patient trust of clinicians,
satisfaction, and treatment adherence. In addition, the majority of the included publications
had a clinician perspective bias, for example, one publication reported changes to patient
interactions based only on data from nurses and community support workers.59 Researchers
will need to include patient perspectives when assessing these technologies to reduce the
potential for informatics generated inequalities.?C Finally, as only one included publication
pertained to the surgical domain, we recommend additional research to identify how PGHD
and PROs could support surgery patient relationships with their clinicians.

Our review results primarily focused on PGHD collected for conditions treated by primary
care clinicians, and so we do not know the extent to which our findings transfer to other
specialties or care domains. Despite this limitation, the patient and clinician participants
included for final synthesis in this review represented a wide range of illnesses, diseases, and
clinical roles. This provided a rich dataset for final synthesis.

In addition, the use of a wide range of search terms in the research database queries reflects
the lack of a unified language around PGHD and PROSs within the literature. While the
authors collaborated with a health sciences librarian to develop effective search strategies
and queries; it is possible that publications fitting the inclusion criteria were not captured in
our queries.

Finally, only one member of the research team assessed the included publications’ quality.
However, none of the included publications were excluded from the qualitative synthesis
based on quality.

Conclusion

Using PGHD and PROs during clinical encounters may promote patients taking a more
active role in their healthcare, improve patient—clinician communication, and support
clinician work activities. However, patients and clinicians may disagree about how these
data should be used to collaboratively address health concerns, which could be affected by
how the PGHD platforms are designed. Future research needs to be conducted to measurably
assess how PGHD and PROs affect patient—clinician relationships and identify opportunities
to improve collaboration using these data.
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Figure 1.
Preferred reporting items for systematic review and meta-analyses (PRISMA) diagram

depicting the flow of information through the systematic review.
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Table 1.
Characteristics of included publications.
Title Authors Quality Year Country Patient Provider Caregiver PGHD Types
Population Population Population
Barriers and Abelson et 4 2017 USA 800 Phone N/A N/A N/A
benefits to using  al.®3 survey
mobile health respondents
technology after
operation: a
qualitative study
Beyond self- Gronvall 3 2013 Denmark 6 Pregnant 1 midwife for N/A Pregnant
monitoring: and women with pregnant patients women:
understanding Verdezoto?* complications Unknown number Weight, blood
non-functional 7 Older adults  hospital nurses for pressure, pulse,
aspects of with heart patients with heart CTG, urine
home-based conditions 6 conditions protein levels,
healthcare Healthy self- online
technology monitoring questionnaire
older adults Heart condition
patients:
Weight, blood
pressure, pulse,
symptom
survey, ECG
data (subset of
participants)
Health older
adults: Blood
pressure
“My Doctor is Kimetal4 3 2016  South 20 Patients otorhinolarynologist ~ N/A Food intake,
Keeping an Eye Korea with lifestyle family medicine perceptions of
on Me!”: diseases (e.g. physicians 1 post-meal
exploring the hypertension, OBGYN 1 fullness, meal
clinical diabetes, heart  rehabilitation contexts, meal
applicability of disease) physician 1 urologist time, activity
a mobile food levels, and
logger activity trackers
Boundary Chung et 3 2016 USA 211 Surveyed  family medicine N/A Food intake,
negotiating al.46 patients who physicians 5 calorie intake,
artifacts in were gastroenterologists physical
personal overweight, dieticians 1 activity levels,
informatics: obese, or behavioral weight, heart
patient- diagnosed psychologist 1 rates, sleep
provider with IBS APRN 1 health quality, pain
collaboration Interviews: 7 navigator levels,
with patient- Overweight/ medication use,
generated data obese patients bowel
2 Patients movement,
diagnosed stress, fatigue,
with IBS 9 nausea.
Overweight/
obese patients
diagnosed
with IBS
Evaluation of a Wiecha et 3 2015 USA 58 Children Unknown number Parent or Peak flow
web-based al.4’ ages 9-17 of primary care guardian of readings,
asthma self- diagnosed providers Unknown children symptoms (e.g.
management with persistent  number of asthma participants cough, wheeze,
system: a asthma nurses or asthma shortness of
randomized specialists breath),
controlled pilot contextual data
trial (e.g. activity
limitations,
missed school,
ED visits),
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Title Authors Quality Year Country Patient Provider Caregiver PGHD Types
Population Population Population
Information Halkoahoet 2 2007  Finland 3Typel 3 nurses N/A Blood glucose
technology al48 diabetics 6 levels and
supporting Type 2 treatment goals
diabetes self- diabetics
care: a pilot
study
Yet another Lehocki et 2 2014 Slovakia 2 Patients Unspecified N/A Blood pressure,
hypertension al.49 diagnosed providers pulse
telehealth with
solution? the hypertension
rules will tell and
you unspecified
comorbidities
Nurses’ and Sharmaand 4 2014  United Patients Nurses treating N/A Blood glucose
community Clarke®0 Kingdom  diagnosed patients with asthma, level, weight,
support with asthma, diabetes, COPD, or blood pressure,
workers’ diabetes, CHF Community oxygen level
experience of COPD, or support workers and heart rate.
telehealth: a CHF (not
longitudinal recruited for
case study study
participation)
Using a mobile Miele et 2 2015 Italy 15 Children Diabetes specialist Parent or Blood glucose
app to manage al 5t aged 4-12 guardian of values, meal
type 1 diabetes: diagnosed children compostion,
the case of TreC with type 1 participants carbohydrate
diabetes diabetes content, and
physical
activity levels
Improving Urowitz et 3 2012 Canada 1 Patient Unspecified number ~ N/A All participants
diabetes al .52 diagnosed of: General recorded blood
management with type 1 practitioners glucose levels
with a patient diabetes 6 Dieticians APRNS Additional data
portal: a Patients Diabetes educators collected at
qualitative study diagnosed provider
of diabetes self- with type discretion on a
management diabetes per patient basis
portal (e.g. weight,
blood pressure)
Integrating Cohen et 3 2016 USA Patients Primary care Parent or Asthma
patient- al.53 diagnosed providers Nurses guardian of patients:
generated health with Gastroenterologists infant medication use,
data into moderate-to- High-risk infant case  participants peak flow
clinical care severe asthma  managers (Not measurements,
settings or Older adults at recruited for environmental
clinical risk for study factors Older
decision- cognitive participation)  adults: task
making: lessons decline completion
learned from Adolescent (data not shared
project receiving with provider)
HealthDesign behavioral Adolescents:
health Food intake,
interventions physical
Patient’s activity, mood
diagnosed Crohn’s disease
with Crohn’s patients:
disease Weight,
Premature physical
infants with activity, mood,
medical relevant
complications symptoms
(not recruited Premature
for study infants: infant
participation) weight, food
consumption,
elimination
patterns
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Title Authors Quality Year Country Patient Provider Caregiver PGHD Types
Population Population Population

Using patient- Nundy et 3 2014 USA Unspecified Unspecified number ~ N/A Medication use,
generated health  al 54 number of of nursecare blood glucose
data from type 1 or type managers 10 levels, barriers
mobile 2 diabetic primary care to diabetes self-
technologies for patients providers 2 care

diabetes self-
management
support:
provider
perspectives
from an
academic
medical center

More than Chung et 3 2015 USA
telemonitoring: al.’s

health provider

use and nonuse

of life-log data

inirritable

bowel syndrome

and weight

management

Patients who
are
overweight/
obese and/or
diagnosed
with IBS

endocrinologists &
diabetes specialists

family medicine N/A
physicians 5 gaste
nterologists 1

APRN dieticians

1 behavioral

psychologist 1

health navipator

Physical
activity levels,
food/diet data,
stress logs,
sleep logs,
mood diaries

N/A: not applicable; APRN: Advanced practice registered nurse; CHF: Congestive heart failureCOPD: Chronic obstructive pulmonary disease;
CTG: Cardiotocograph; ECG: Electrocardiogram; ED: Emergency department; IBS: Irritable bowel syndrome; OBGYN: Obstetrics and

gynecology; PGHD: patient-generated health data.
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Major analytical themes and subthemes.
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Table 2.

Major analytical theme

Subtheme

PGHD supported patient-clinician communication and
health awareness

Patients desired for their clinicians to be involved
with their PGHD, which clinicians had difficulty
accommodating

PGHD platform features may support or hinder patient-
clinician collaboration

PGHD fostered patient-clinician communication PGHD improved the clinicians
understanding of their patients” health

Patients desired clinician involvement with their PGHD Clinicians had varied
interest, encountered barriers, and identified workarounds when integrating
PGHD into clinical encounters

Trends, summary measures, and education supported PGHD clinical integration
and use
Some PGHD platforms negatively impacted patient-clinician collaboration

PGHD: patient-generated health data.
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