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Abstract

Background: In publicly funded health systems, digital health technologies are strategies that aim to improve the quality and
safety of health care service delivery and enhance patient experiences and outcomes. In Canada, governments and health
organizations have invested in digital health technologies such as personal health records (PHRs) and other electronic service
functionalities and innovation across provincial and territorial health systems.

Objective: Patients' access to their own information via secure, Web-based PHRs and integrated virtual care services are
promising mechanisms for supporting patient engagement in health care. We draw on current evidence to develop an economic
model that estimates the demonstrated and potential value of these digital health initiatives.

Methods: We first synthesized results from a variety of Canadian and international studies on the outcomes for patients and
service providers associated with PHRS across a continuum of services, ranging from viewing information (eg, laboratory results)
on the Web to electronic prescription renewal to email or video conferencing with care teams and providers. We then devel oped
a quantitative model of estimated value, grounded in these demonstrated benefits and citizen use (2016-2017). In addition to
estimating the costs saved from patient and system perspectives, we used a novel application of a compensating differential
approach to assess the value (independent of costs) to society of improved health and well-being resulting from PHR use.

Results: Patients' access to arange of digital PHR functions generated value for Canadians and health systems by increasing
health system productivity, and improving access to and quality of health care provided. As opportunities increased to interact
and engage with health care providers via PHR functions, the marginal value generated by utilization of PHR functionalities also
increased. Web-based prescription renewal generated the largest share of the total current value from the patient perspective.
From the health systems perspective, Canadians' ability to view their information on the Web was the largest value share. If
PHRs were to be implemented with more integrated virtual care services, the value generated from populations with chronic
illnesses such as severe and persistent mental illness and diabetes could amount to between Can $800 million and Can $1 billion
per year across Canadian health systems.

Conclusions: PHRswith higher interactivity could yield substantial potential value from wider implementation in Canada and
increased adoption rates in certain target groups—namely, high-frequency health system users and their caregivers. Further
research is needed to tie PHR use to health outcomes across PHR functions, care settings, and patient populations.

(J Med I nternet Res 2019;21(6):€12277) doi: 10.2196/12277
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Introduction

Health Systems and Digital Health Technologies

Digital health technology is an umbrellaterm encompassing a
variety of innovations such as mobile health, health information
technology, wearable devices, telehealth and telemedicine, and
personalized medicine. Digital health technologies are
envisioned as a step forward in empowering patients to
participate in their health care decisions and, thereby,
democratize health care. In publicly funded health systems,
digital health technologies are strategies aimed at improving
the quality and safety of health care service delivery aswell as
enhancing patient experiences and outcomes[1-3]. For example,
the United Kingdom and Australia have launched large-scale
personal health records (PHRS) initiatives—the NHS.UK and
My Health Record, respectivel y—to connect patientswith their
electronic health and medical records [4-6].

In Canada, federa and provincia governments and health
organizations have invested in digital health technologies and
innovation across provincial and territorial health systems,
including PHRs with a variety of electronic service (e-service)
functiondities[7]. CanadaHealth Infoway isafederally funded,
nonprofit organization whose mandate is to “realize the vision
of healthier Canadians through innovative digital health
solutions” Through Infoway, Canada has invested in the
devel opment, implementation, and eval uation of variousdigital
health solutions, including PHRs.

Per sonal Health Records and Health System
Improvement

A PHR is defined as a digital space, or Web/mobile,
application-based, health or medical record that holds all or a
portion of clinica information about an individua (eg,
laboratory results or prescribed medications) [8-11]. Multiple
terms exist to refer to platforms through which patients can
access their health care information, including PHR, patient
portal, or consumer portal (to maintain consistency, we use PHR
throughout). PHRs can be either stand-alone and driven by
information entered by individuals and stored on their personal
devices or tethered to a health care organization or system.
Information shared via PHRs can come from multiple sources
and ismanaged, shared, and controlled by theindividual patient;
therefore, PHRs should conform to nationally recognized
interoperability standards [12].

PHRs in the scope of analyses presented in this paper:

1. areintegrated with point-of-care clinical health information
systems, alowing individuals to view their health record
information from electronic medical records, hospital (or
hospital consortium) information systems, laboratory testing
and results information systems, electronic health records
(EHRs), or health information exchanges,

2. aretetheredto ahealth care organization or system, and are
linked to information provided within the EHR attached to
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that system (hospital, insurance plan, or other health care
organization); and

3. contain connected care functionalities/services such as
communication and consultation featureswith point-of-care
clinics, providers, or care organizations.

Stand-alone PHRswere considered out of scope, including goal-
or outcome-defined clinician-patient coaching modelsthat allow
patients to input information and PHRs that do not link to
clinical-source information systems.

Patients access their PHRs through a secure persona
identification authorization process. PHRs can provide arange
of e-service functionalities, categorized in-depth by the Center
for Information Technology Leadership as comprising 4
overarching types of informational interaction—collection,
sharing, self-management, and exchange [13]. How PHRs
facilitate theseinteractions can vary; functionsinclude the ability
to (1) view health care information (electronic view [e-View]),
(2) exchange secure emails and messages with health care
providers (electronic visit [e-Visit]), (3) renew prescription
medication on the Web (electronic prescription renew [e-Rx
renew]), and (4) visit virtually via videoconference with their
health care providers (virtual visit). These functionalities are
illustrated in Figure 1, alongside Canadian adoption and use
rates from 2016 and 2017. As such, PHRs have the potential to
influence value-based outcomesin terms of avoided direct and
indirect costs but also as a mechanism to improve longer-term
trends in health literacy, patient satisfaction [14], access and
user-centered design [15-17], and clinical outcomes.

The terms p activation, engagement, empowerment, and
patient-centered care, although used and measured distinctly,
are often used interchangeably and broadly refer to mechanisms
by which patients and caregivers interact with their care
trajectory and the degree to which they feel confident and
satisfied in doing so [18]. Efforts to enhance patient activation
and patient engagement in health and health care, as well as
improve patient experience, areincreasingly at the forefront of
health policy and strategy in both high-resource and low- to
middle-income health systems worldwide [19-21].

A growing body of literature highlights how PHRs can increase
patient activation by providing seamless access points through
which patients access their health care information and
communicate with their providers or care teams [11,22,23].
Patients’ interaction with their health careinformation has been
shown to positively influence patient engagement, health
behaviors, and associated health outcomesin avariety of settings
[24-26]. However, this body of work has focused largely on
patient activation in health care and health outcomes and less
on the process by which activation occurs through engagement
with digital health solutions [27-29]. For the remainder of the
paper, we use the term patient activation to refer to the desired
outcome of patients' interactions with their PHR and patient
engagement as the mechanism through which PHRs facilitate
patient activation.
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Figure 1. Definition and utilization of electronic service functionalities in Canada (2016-2017).
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Definitions

An e-visit is a patient service
that allows patients/
caregivers the ability to
communicate with their
health care team through
secure email or text
messaging

A personal health
record includes the
primary function of

viewing health
information: e-view

A virtual visit is a patient
service that allows
patients/caregivers to
meet with their health
care team virtually face-
to-face, through functions
such as video calls

e-Rx renew is a patient
service that allows
patients/caregivers to
renew prescriptions

Percentage of Canadians who reported using in the last year

Accessed their
medical records
online
[7%*-8%]

Consulted with health care
providers online via e-mail
[5%-8%]

Sent a web-based
prescription renewal
request
[10%-12%]

Visited virtually with
provider
[3%*-4%]

A note on the current adoption and use of personal health records to support the quantitative model:

We used the percentage of Canadians who reported they accessed their medical record online or used specific e-service functionalities in 2016

(minimum) and 2017 (maximum), to estimate the current value related to citizen access and use of personal health records and connected care
e-services in Canada. The guantitative model also adjusted estimates accordingly for e-view and e-Rx renew functionalities by the proportion of
Canadians who said they had a lab test or filled a prescription in the past year.

*Here adoption rates are rounded to the nearest integer — precise Canadian and provincial adoption rates are available in Multimedia

Appendices 1 and 2.

PHRs have been shown to influence patient engagement by
reducing barriers to access to information via seamless
Web-based platforms [18]. In certain high-volume health
management organizations in the United States (eg, Kaiser
Permanente and Veterans Affairs), where tethered PHRs have
been implemented and value-based outcomes evaluated, PHR
functionalities involving high levels of patient interaction with
their regular health care providers (viae-Visitsand virtual visits)
have been shown to improve health outcomes, while reducing
per capita costs of care [21,41]. Despite these benefits, it is
important to note that adigital divide exists between those who
can and do access these technol ogies and those for whom there
arebarriersto using technol ogy to engage with their health care
provider. Differences in access are influenced by multiple
sociodemographic factors. However, there is little consensus
about determinants of access and uptake acrossintersections of
individual-level characteristics: often there are differences in
use by socioeconomic status, education, and age, those in
lower-income quintiles having lower levels of education and
those of older agetend to accessdigital health technologiesless
[30-32]. Physical accessto internet and to technological devices,
in addition to technology-related skills and literacy, all
contribute to perpetuating or bridging the digital divide in
high-resource contexts[33,34]. A recent electronic health equity
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framework notes the complex interplay of macro
(socio-techno-economic-political  context), patient (social
position and intersection between various demographics),
intermediary (material circumstances and social capital), and
digital technology implementation factorsthat influence access
to health technologies [35].

Evaluation of Value-Based Outcomes and Digital
Health Technology/Per sonal Health Records

Although there are a growing number of economic evaluations
of digital health solutions, there are conceptual, methodological,
and practical challenges to assessing the economic benefit of
implementing and adopting PHRs, both in terms of increased
health system efficiency and improved quality of and accessto
medical care [10,11]. These challenges include the lack of a
clearly defined perspective resulting from multiple investors
and sources of funding, the lack of identified options for
comparison, and having comparabl e costs and outcomes across
different PHR interventions/sites[11,36]. In addition, economic
analyses and evaluations often take place in single health care
settings with a focus on a specific patient population, and are
not easily interpretable at asystemslevel. Conversely, analyses
focusing solely on the benefits of PHRs and associated
cost-savings or financial outcomesfor abroader population are
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often based on relatively few sources of evidence, which may
or may not reflect the health system contextsin which the benefit
estimates are applied.

Using an established approach developed by Delone and
McL ean [37] for evaluating information technology initiatives,
Canada Heath Infoway (Infoway) has developed a
comprehensive benefits evaluation framework for sites
implementing PHRs, inclusive of net benefits or value-based
outcomes [38]. This framework facilitates the evaluation of
implementation factors aswell as aligning outcomes with PHR
use.

Our objectivesin this study were as follows:

1. To synthesize outcomes generated by benefits evaluations
conducted at multiple sitesimplementing PHRsin Canada,
across different types of care settings, and serving different
patient populations.

2. To estimate the relative economic benefit of implementing
PHRsin those different care settings and patient populations
compared with business as usual (either before or in the
absence of PHR implementation) from 3
perspectives—health system (payer), patient and caregiver,
and the economic benefit to society resulting from improved
population health (societal perspective).

We used contextually specific dataaswell as cost and outcome
datafrom the peer-reviewed literature to demonstrate the current
and potential added value generated by PHR adoption and
implementation at a national level across various health care
settings, patient populations, and 4 specific PHR functionalities.
In addition to estimating value based on resources saved by
patients and caregivers and clinician and clinic productivity
gains, we used a novel application of various approaches to
empirically link PHR use and improved health, health behaviors,
and increased life satisfaction.

Methods

Overview

We developed 3 quantitative models to estimate the economic
benefit of patients and health care organizations having access
to PHRs, relative to what occurred or would occur in the absence
of being able to access PHRs (i, business as usual). Typically,
economic analyses of interventions or technologies in health
care estimate the comparative effectiveness, utility, or broader
opportunity cost between 2 or more alternative interventions
[11,39]. Given the variability of implementation costs, relative
provincia investment in digital health initiatives, and amount
of financia support allocated to each PHR implementation site
in Canada, we opted to present a cost-outcome description that
synthesizes the aggregate population-level economic benefits
of PHR adoption and implementation in Canada. Specifically,
we applied a 1-sided economic analysis that estimates the
economic benefits of the relative health care quality, access,
and productivity gains from PHR implementation versus
nonimplementation. Each of the 3 models reflects a different
perspective from which we conducted our analyses:
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1. Patient and caregiver perspective
2. Health systems perspective
3. Societal perspective/improved health

Data and Modé I nputs

We drew on the benefits evaluation studies of recent PHR
initiatives conducted by Canadian health care organizations
(n=12) to derive estimates of any added economic benefits. Data
from these evaluations represented PHR sites in 5 provinces
(British Columbia, Saskatchewan, Ontario, Quebec, and Nova
Scotia). Each study employed a system and use survey that
examined the use of PHR functions as well as PHR user
experiences and also explored quantitative outcomes of use. In
addition, the sites used administrative records and user reports
to assess the odds of user versus nonuser requests for health
care information, average number of visits avoided (for both
groups), and resulting organizational efficiency gains (eg,
full-time equivalent staffing saved). Further information
regarding the studiesincluded in our 3 quantitative models can
be found in Multimedia Appendices 1 and 2.

To expand our models to include relevant benefits found in the
peer-reviewed literature, we conducted a systematic search of
thefollowing electronic bibliographic databases: EconL.it, Hedlth
Systems Evidence, PsycINFO, and MEDLINE. Our key search
terms included personal health record OR patient portal AND
(economic benefit OR benefit). The following limits were
applied to all searches: (1) keyword search to abstract and title,
(2) English or French, and (3) 2010 to 2017. A team of 2
researchers conducted the searches and subsequent stages of
review and extraction.

Selection of Model I nputs

For inclusion in our study, the peer-reviewed and gray literature
had to (1) provide estimates of the economic benefit of PHR
use from the patient, system, or societal perspectives, (2) provide
clinica benefits of PHR use, and (3) take place in a
high-resource health system context. The excluded studieswere
those without a counterfactual scenario (ie, PHR use compared
with no health system use), those that included PHRs with
functionalities out of scope, or intervention studies without a
quantified clinical outcome clearly attributable to PHR use.
After applying the selection criteria, atotal of 81 studies were
selected for full-text review, and 21 of these were used as the
primary input sources to the quantitative models devel oped.

From studies selected for inclusion (including the benefits
evaluations conducted in Canada), 2 researchers reviewed each
document and extracted data on clinical and economic benefits
of PHR use. A third member of the research team (CL ) validated
each extracted benefit and model input. The outcomes reported
by respondents in these eval uations generated arange of values
of effectiveness, using a series of classification factors in the
Infoway Benefits Evaluation framework. As seen in Table 1,
these classification fields included PHR functionality, care
setting, benefit domain, and benefit recipient or patient
population targeted by the intervention and care setting.
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Table 1. Classification factors for benefit estimation.

Field of classification

Definition

PHR?functionality
Electronic view

Electronic visit
Virtual visit

Electronic prescription renew

Care setting
Primary care
Specialist care—mental health
Specialist care—chronic conditions
Hospital-based care
Pediatric care

Benefit domain

Quality

Productivity
Access

Benefit recipient
Patient/caregiver
Health system
Hesalth outcomes

Resour ce saved

Avoided visitsto health care providers

Increased productivity among health
systems

Improved healthy behaviors
Increased life satisfaction
Improved health

The method by which the PHR engages patients/caregivers.

Primary function of PHR isthe viewing of health information.

A patient e-service that allows patients and their caregivers the ability to communicate with their health
care team through secure email or short message service text messaging.

A patient e-service that allows patients and their caregivers the ability to meet with their health care
provider viaaface-to-face virtual encounter through functions such as video calls.

A patient e-service that allows patients and their caregivers to renew prescriptions.

Themedical care setting in which the benefit of PHR was found to accrue.

Day-to-day health care delivered by a health care provider (eg, general practitioner’s office).

Health care provided for issues related to mental health, including community-based and inpatient care.
Health care provided for issues related to other chronic conditions such as diabetes.

Inpatient and outpatient care provided in hospital/hospital-affiliated settings.

Health care provided to children.

Areas of value.

Anincreasein health quality asaresult of PHR use, such as increased healthy behaviors, improved
health outcomes, or increased life satisfaction.

Anincrease in productivity as aresult of PHR use, such as saved time or resources.
Anincrease in access to health care as aresult of PHR use.

Therecipient of the benefit.

The benefit accrued directly to the patient or caregiver.

The benefit accrued to the health system (eg, the primary care provider or the hospital).
The benefit involved an improvement in population health.

Theway in which patients/caregivers, the health system, and health outcomes benefitted from
PHR use.

The primary way by which patients/caregivers benefitted from PHR use, including saved time and cost
related to travel, saved time arranging caregiving and caregiving costs, and avoided time off work.

The primary way by which health systems benefitted from PHR use, including avoided visits and reduced
calls from patients/caregivers, avoided emergency department visits, and avoided preventable adverse
drug events.

A way in which health outcomes benefitted from PHR use, such as better medication adherence.
A way in which health outcomes benefitted from PHR use, using a validated life satisfaction scale.
A way in which health outcomes benefitted from PHR use, through changesin patient activation.

8PHR: personal health record.

Oncewe classified areas of valueto benefit domains, asoutlined
above, we created a hierarchy of specific value-based outcomes,
as outlined in Figure 2, such that benefit recipients were the
primary classification factor, followed by the associated PHR
functionality, care setting, benefit domain, and empirical value
of resource saved. Estimates were adjusted to the specific yearly

https://www.jmir.org/2019/6/€12277/

(2016 and 2017) utilization rates for each PHR functionality,
the Canadian population aged over 18 years reporting access
or use of indicated health services, and affected clinical
populations for health outcomes estimates, both nationally and
by care setting.
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Figure 2. Hierarchy of benefit classification.
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Benefit recipient

Personal health
record functionality

Care setting

Benefit domain

Resource saved

As it is unknown if and to what extent certain PHR
functionalities might increase health care costs, we defined and
included value-based outcomes in terms of the change in units
of resources used (by patients and health systems) relative to a
counterfactual scenario. The extracted outcomes data represented
the added value of PHR use reported compared with an
aternative scenario or counterfactual. For example, 1 health
system outcome was avoided medical errors achieved through
patient use of an electronic prescription renewa when compared
with traditional prescription renewal processes. The value to
the health systemin thisregard results from reduced preventable
adverse events (primarily drug-related events) and a resulting
reduction in unnecessary health system utilization. To avoid
double-counting benefits or discounting costs related to PHR
implementation in terms of patient and health system resources,
we included only benefits that were clearly separate from
resource costs. For example, because e-Visit functionalitiesin
primary care settings involve physician time, we did not count
avoided in-person visits to primary care physicians as an
economic benefit to the health system but did for patients who
saved time and financial costs.

Multimedia Appendices 3, 4, and 5 provide an overview of the
included Infoway studies, the final sample of respondentsfrom
which  the reported outcomes are derived, the
counterfactual/comparison group or aternative scenario used
for comparison, and the type of indicators used for the patient,
health system, and societal perspectives, respectively. Inaddition
to the outcomes extracted from Canadian PHR initiatives, we
drew on various sources to identify relevant estimates for
classification factors from publicly available data. See
Multimedia Appendices 1 and 2 for an overview of the data
sources used to estimate economic benefits Canada-wide from
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patient/caregiver and heath system cost perspectives,
respectively.

Model Estimation

We defined the economic benefit or value V to each perspective
as the reported costs to patients and health systems in the
absence of PHRs, less the cost savings Sreported as a result of
PHR adoption or implementation within a health care setting.
We offset the cost savings reported by subtracting an estimate
of the deadweight, or cost savings that may have occurred
naturally, in the absence of PHR adoption.

VPaIient = CPCurrent - (ST + S_F + SC - D)

Costs to patients and caregivers were expenses related to
attending an in-person appointment with their health care
provider. Resources saved by patientsincluded travel costs and
travel time, caregiving costs and time spent arranging care, and
reduced time away from paid employment. Direct average costs
were obtained from primary data collected from patients' and
caregivers self-reporting from Canadian PHR implementations
and used as model inputs. In terms of indirect costs, the amount
of time saved was obtained from patients and caregivers
self-reporting and valued using median Canadian income for
time away from paid employment. For time costs that did not
relate to paid employment, time was valued at 25% and 50%
of median income. Multimedia Appendix 1 contains details
related to the sources used to value patient/caregiver costs, and
Multimedia Appendix 6 provides a narrative summary of how
we calculated estimates from this perspective.

V Heaith system = Criscurrent = (Suav,Ho) + S + Sps— D)
From the health system perspective, current costs are afunction
of the quantity of health care services provided within the
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relevant health care setting and to the rel evant patient population
and the cost per service. Resources saved for health systems
include health care provider time (reduction in clinician time
to complete taskg/patient consultation), increased productivity,
and savings resulting from improved patient safety (eg, reduced
preventable adverse drug events). For example, patients and
caregivers having accessto prescription information on the Web
can increase patient and caregiver awareness of their current
and previous medications, resulting in decreased prescription
error on the supply side (pharmacists and health care providers)
and increased medication adherence by patients. See Multimedia
Appendices 2 and 7 for details regarding val uation sources and
an overview of methods used to estimate the value of citizens

use of PHR functionalities to health systems in Canada.

VPopuIation = CHSCurrent - (VSatisfaction + S—iealth + S—iealth

behavior D)
Where there are tangible costs avoided to the health system
attributableto PHR use (eg, unnecessary in-person visitsavoided
and provider time on operational tasks mitigated by Web-based
communi cation or automation), estimates of benefit to the health
care systems in Canada are more straightforward than for less
tangible benefits such asimproved health, health care behaviors,
and health status. To provide estimates of improvements to
behaviors and health status, we converted positive health
outcomes reported in the amassed evidence base into specific
econometric indicators of resources saved, according to
associated PHR functionalities.

In addition to estimating the value of improved health behavior
and health status of PHR users compared with nonusers, we
created a direct empirical link between improvement in life
satisfaction reported by adultswith severe and persistent mental
illness as aresult of using PHR functionalities and a household
income equivalent. We applied a compensating differential
approach developed by Helliwell and Huang (2010) [40] that
takes the difference in life satisfaction before/after for PHR
users versus nonusers and then divides this by the coefficient
for the marginal effect of life satisfaction on household income
for Canadians (beta=0.14). For a detailed overview of the
approaches used to estimate the value of improved health
behaviors and health status, see Multimedia Appendix 8.

Range of Values

In each of the 3 models, we estimated a range of value for
benefits currently realized aswell asthe potential value for these
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initial benefit areas with advanced utilization rates. Rangesin
current utilization rates of available PHR functionalities were
measured in 2016 and 2017 from nationally representative
surveys designed by Canada Health Infoway and administered
by an independent research organization [7,8]. To model
potential val ue-based outcomes, we applied projected utilization
rates of 25%, 35%, and 50%. The magnitude of rangesillustrated
in our final estimates represent variations in the reported
outcomes redlized, in the way in which personal time can be
valued as a proportion of income, and in reported uses of the
health care system.

Assumptions
The assumptions underlying our calculations were as follows:

1. The benefits realized by the study sample from source
evidence reflect benefits that could be realized by
populations with similar case mixes or diagnoses.

2. Benefits realized by health care organizations in terms of
increased productivity are transferable to other similar
contexts across Canada.

3. The proportion of the population represented by each
province in Canada can be used to expand province-level
benefits to nationa-level  benefits.  Conversely,
national-level benefits can be disaggregated into those at
the provincia-level.

4. Outcomes related to PHR effectiveness remain constant
over time.

All the estimates generated by valuing provider time (ie, time
saved by health care providers and organizations) were created
on the basis of arange of values from the least expensive unit
of time (eg, an administrative staff) to the most expensive unit
of time (eg, aphysician).

Results

Overview

Table 2 summarizes the outcomes identified in our review by
PHR functionality and outlines areas in which PHRs have led
to identified benefits and in which care settings those benefits
wererealized. Current Canadian PHR adoption ratesrange from
3% to 4% for virtual visit technology to 10% to 12% for e-Rx
renew functionalities. The benefits realized included avoided
visits and time costs saved across different care settings, such
as community-based clinics, primary careclinics, and hospitals.
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Table 2. Summary of evidence of Canadians' current use of personal health records and electronic services.
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Personal health
record functionality

Electronic view

Electronic visit

Virtual visit

Electronic prescription renew

Adoption rate

Care setting

Resource saved (pa-
tient)

Resource saved
(health system)

7%-8% of Canadians can and
have accessed their health
care information on the Web.

Primary care, hospital care,
and community-based mental
health services were care set-
tings where Canadians and
health systems benefited from
accessing their health carein-
formation on the Web.

Canadians benefited by
avoiding visitsto primary and
mental health care providers.

Health systems benefited by

increased productivity (time

saved because of avoided vis-
itsand calls).

5%-8% of Canadians can and
have communicated with their
health care provider securely
on the Web.

Community-based mental
health services were the care
setting where Canadians and
health systems benefited from
communicating with their
health care provider securely
on the Web.

Canadians benefited by
avoiding visitsto primary and
mental health care providers.

Health systems benefited by
increased productivity (re-
sources saved because of
avoided emergency depart-
ment visits).

3%-4% of Canadians can and
havevisited virtually with their
health care provider securely
on the Web.

Primary care was the care set-
ting where Canadians and
health systems currently bene-
fited from visiting virtually
with their health care provider
on the Web. Primary care net-
works for people with chronic
conditions demonstrated poten-
tial benefits to Canadians and
health systems.

Canadians benefited by avoid-
ing visitsto primary health care
providers.

Health systems benefited by
increased productivity (re-
sources saved because of
avoided emergency department
visits). Potential benefits were
also identified through in-

10%-12% of Canadians can
and have renewed their pre-
scription medication on the
Web.

Community-based mental
health services and hospitals
were the care settings where
Canadians and healthy sys-
tems benefited from renewing
their prescription medication
on the Web.

Canadians benefited by
avoiding visitsto primary and
mental health care providers.

Health systems benefited by
increased productivity (time
saved because of avoided vis-
its) and increased quality
(preventable adverse drug
events avoided).

creased access viaremote care
provision.

Patient/Caregiver Perspective

Current Benefit

For patients and caregivers, direct value from PHRs currently
manifests in the form of avoided in-person visitsto health care
providers, leading to savingsin travel time and costs, caregiving
costs and time arranging care, and time off work. These savings
are generaly shared across e-View, e-Visit, e-Rx renew, and
virtual visit functionalities, with variations resulting from
differing adoption rates, care settings, and the number of
Canadians accessing certain types of health care services (ie,
Canadians with a primary care physician or Canadians having
alaboratory test in the past year).

Evidence of the value of PHRs for patients and caregivers in
Canadahas so far been demonstrated in primary care and mental
health care settings (see Multimedia Appendix 9). Given this,
model estimates were associated with population-level access
estimates in these care settings. The value to Canadians who
use currently available PHR functionalities is estimated to be
Can $119 to Can $150 million per year (aggregated across all
Canadians at current adoption rates). Figure 3 demonstratesthe
way inwhich thisvalueisdistributed across PHR functionalities:
overall, our patient model demonstrates that most of the current
value (2016-2017) to patients and caregivers is derived from
e-Rx-renew (34%), followed by e-Visit (28%), e-View (26%),
and virtual visit (12%).

https://www.jmir.org/2019/6/€12277/

Canadians have varying health care needs and, accordingly,
different patterns of service use within the health care system.
Thesefactors affect the range and magnitude of valueto citizens
from use of the PHR functionalities estimated in this study and
areimportant to interpret in context. We present bel ow therange
of total value for Canadian population subgroups based on
frequency of visits per year [8], represented in terms of avoided
costs because of avoided unnecessary in-person visits, weighted
by utilization rates of PHR functionalities and the proportion
of the population that reported each frequency of visit to their
health care provider. The current annual aggregated value to
Canadian patients/caregivers based on health system utilization
for low-, medium-, and high-volume heath system user
segments of the Canadian population is as follows:

1. Can $61 to 153 million for the 41% of the Canadian
population that makes 1 to 2 visitsto ahealth care provider
per year,

2. Can $87 to 148 million for the 19% of the Canadian
population that makes 3 to 4 visitsto ahealth care provider
per year, and

3. Can $143 to 180 million or more for the 19% of the
Canadian population that makes5 or morevisitsto ahealth
care provider per year (value estimates are based on 5 visits
per year).
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Figure 3. Current annual value to Canadians who use personal health records, by functionality. e-View: electronic view; e-Visit: electronic visit; e-Rx

renew: electronic prescription renew.
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Potential Benefit

On the basis of these value estimates, if Canadians were to
increase PHR adoption from current adoption rates to 25%,
35%, or 50%, the total value to patients and caregivers would
increase to Can $470 million, Can $658 million, and Can $940

https://www.jmir.org/2019/6/€12277/
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RenderX
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million, respectively. Figure 4 represents how increasing
adoption rates of each PHR functionality would increase the
value from the patient perspective, assuming a steady-state of
benefits realized (ie, that the benefits to Canadians remained
constant over time).

JMed Internet Res 2019 | vol. 21 | iss. 6 | €12277 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Hackett et al

Figure4. Projection of patient/caregiver benefits with increased personal health record adoption. e-view: electronic view; e-visit: electronic visit; e-Rx

renew: electronic prescription renew.

Current
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Adoption (2016-2017)

25% adoption

Potential value

35% adoption | 50% adoption

7%-8%

e-view
Viewing of digital medical
records

$36M-539M

5%-8%

e-visil
Secure e-communications
(outpatient care)

$26M-$42M

$122M

$244M

$265M

3%-4%

. ]

virtual visit
Face-to-face

videoconference

e-Rx renew

$14M-518M

10%-12%

$42M-S50M

Digital prescription renewal

$210M

Total $119M-5150M

Health System Per spective

Current Benefit

From the health system perspective, we found that direct value
from PHRs currently manifests in the form of increased
productivity, leading to clinic or clinician time saved because
of avoided visits and operationa and clinician processes
involved in responding to and resolving patient phone calls.
There is also some evidence of increased health care quality,
manifested by avoided preventable adverse drug events.
Evidence of the value of PHRs for health systems in Canada
has so far been demonstrated in primary care, hospital, pediatric,
and mental health care settings, with value also identified
internationally in other areas of specialized care (eg, veteran
health services and chronic illnesses; see Multimedia Appendix
10). The non-Canadian evidence mentioned above also shows
promising evidence of benefits for virtual visit functionalities.

The current estimated value to health systems where PHR
functionalities are in use is estimated to be Can $106 to Can
$134 million a year. Figure 5 demonstrates the way in which
that valueisdistributed across PHR functionalities. Overall, the
health system model demonstrates value primarily related to
e-View (72%)—the most widely available and utilized
functionality—followed by e-Rx renew (15.2%), e-Visit

https://www.jmir.org/2019/6/€12277/
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S470M

$658M

(11.1%), and virtua visit (1.7%). We see below that most of
the cost savings to the health system are driven by e-View
functionality and are estimated at between Can $81 and Can
$96 million per year.

Under the assumption that the savings associated with virtual
visit use for specialized care can be realized in Canada at the
same rate it has been realized internationally, savings for that
functionality would rise from Can $27 to Can $54 million. In
addition, in 2 of the identified studies, outcomes of PHR use
were measured separately for different functionalities, allowing
the model to explore the marginal benefit of increased
PHR-enabled provider interaction within the same patient
population. Using these studies, the model for valuing health
system benefits of PHR use found that with increased
opportunities for patients to directly consult or communicate
with their providers, the value to the health system increased
by 24% to 32%. In other words, moving from being able to
passively view hedth care information on the Web to
communicating or consulting virtualy with a hedth care
provider generated substantially more value to both patients
and the health system. For example, in 1 study [31], the
estimated benefit of patients using only e-Rx renew in ahospital
setting was Can $105 million, whereas the estimated benefit of
patients who used the e-Visit function was Can $127 million.
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Figure 5. Current annual value to health systems where personal health record functionalities are in use. e-view: electronic view; e-visit: electronic

visit; e-Rx renew: electronic prescription renew.
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Potential Benefit

Using the estimates of value to health systems in Canada, we
found that if Canadianswere to increase PHR adoption to 25%,
35%, or 50%, the total value to patients and caregivers would
increase to Can $362 to Can $391 million, Can $505 to Can
$543 million, and Can $720 to Can $769 million, respectively.
Figure 6 represents how increasing adoption rates of each PHR
functionality would increase the value from the health system
perspective, assuming a steady state of benefits realized. The
second set of totals (represented by italicized figure rangesin
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RenderX

parentheses bel ow) represent theintegration of benefits estimates
that assume increased adoption and integrate evidence from
jurisdictions outside of Canada with wrap-around PHR
functionalities (inclusive of virtual visits). If Canadians had
access to comparable PHRSs, the total value to health systems
in Canada would be Can $131 to Can $185 million at current
adoption rates, and when projected to 25%, 35%, and 50%, the
estimated valueswould range from Can $1.3 to Can $5.4 hillion,
Can $1.8to Can $7.5 hillion, and Can $2.6 to Can $10.7 billion,
respectively.
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Figure 6. Projection of health system benefits with increased personal health record adoption. e-view: electronic view; e-visit: electronic visit; e-Rx

renew: electronic prescription renew.
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Total

*See the technical oppendix for
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$106-134M
($131-185M)

Societal Per spective

Most evidence regarding PHR use and health outcomes was
generated in hospital or integrated care settings in the United
States; 1 study was based in Canada. All of the evidence used
asinputsinto our population health model related to outcomes
of interventions targeted specifically to people with diabetes or
people with severe and persistent mental illness. Specific
outcomes with sufficient evidence included improved health
status through greater glycemic control, increased household
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$20M
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income through improved life satisfaction, and increased
positive heath behaviors through improved medication
adherence [21,26,40].

The monetary value of those improved health outcomes breaks
down asfollowsin Figure 7, with the majority of the economic
benefit realized being driven by the e-Visit functionality.

Multimedia Appendices 9,10, and 11 provide summaries of
each of the 3 quantitative models (patient/caregiver, health
system, and population health).
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Figure7. Value of improved health outcomes due to personal health record use, by functionality. e-view: electronic view; e-visit: electronic visit; e-Rx

renew: electronic prescription renew.
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Discussion

Understanding how implementation of PHRs could benefit
patients and caregivers, as well as health care systems in
high-resource settings such as Canada, is an important step in
exploring waysinwhich digital health technologies can facilitate
improved patient engagement and, ultimately, population health
outcomes and system transformation strategiesfor sustainability.
We found that Canadians having Web access to their health
care information, as well as communication and consultation
services with providers via PHR functionalities, generates a
substantial economic benefit from patient, health system, and
broader societal perspectives. The hierarchy of classification
factorswe devel oped presents apractical approach to estimating
economic benefit within the field of digital health and patient
empowerment research, where questions of who accrues benefits
and from which PHR functionalities are likely to inform
decisions as to where and how increased access to PHR
functionalities should be supported.

Current Benefits

The majority of the current benefits seen in this study to
Canadian patients and caregiverswererealized in primary care

https://www.jmir.org/2019/6/€12277/

RenderX

and mental health settings and were resulting from the use of
e-Rx renew functionalities. For health systems, the majority of
the benefits were realized by citizens use of eView
functionalities within primary care settings. Comparing these
2 perspectives, the range of estimates for the health systems
perspective was much wider than that of the patient/caregiver
perspective (1.7%-72% vs 12%-34%, respectively). The
relatively large share of benefits driven by e-Views for health
systems, particularly in primary care settings, islikely afunction
of thelimited available evidence, aswell asthe relatively broad
population base that reports having access to primary care
services in Canada. Patient access to health care information
on the Web is therefore clearly linked to cost savings for both
patients and health systems.

Evidence for benefits related to improved health outcomes was
found in relation to PHR functionalities that enabled greater
interaction and communication with health care providers and
services: e-Visit, virtual visit, and e-Rx renew. This suggests
that having access to technology that allows for more timely
interactions between patients and health care providers and
clinic administration has added benefits and value for the health
of participating patients.
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Potential Benefits

For patient and health system perspectives, potential benefits
were estimated using 2 different methods. The first method
projected increases in adoption rates, and the second method
relied on evidence from health management organizations in
the United States that had implemented PHRs with integrated
communication and clinical consultation e-servicefunctionalities
(e-Visit and virtua visits) [42,43]. Although such integrated
PHR models are not yet available in Canada, the heath
outcomes reported resulted from patient use of PHR consultation
and communi cation functionalities and may indeed be applicable
to health outcomes in the Canadian context and that of other
international health systems. Evidence from current and
emerging models of care provides insight into key factors that
facilitate hedth systems modernization to advance
clinic/clinician adoption and integration of virtual care electronic
services (e-Services), such as remuneration of health care
providers.

The mgjority of potential improvement in health outcomes in
our model isdriven by increased integration of e-Serviceswithin
health care organizations and by increased adoption of PHRs
by older adults, particularly those in long-term care facilities.
We were able to establish a direct link between increased life
satisfaction for adults with severe and persistent mental illness
who used PHRs compared with those who did not, with an
equivalent increase in household income. This contributes to
theliterature by creating an empirical association between PHR
use, patient activation and engagement [18], well-being, and
ultimately economic benefit to populations accessing health
care services.

Process M atter s—Effectivenessand Value of Per sonal
Health Recordsin Context

Our findings are in line with other studies measuring the value
of PHR use compared with business as usual or the absence of
a PHR initiative within a health care organization [22,23,44)].
There is added value of PHR implementation and adoption by
patients and health care organizations, compared with settings
with alack of PHR access, but the degree to which realization
of economic value offsets costs of investment and
implementation of PHRs is difficult to assess. Similarly, it is
challenging to understand the opportunity cost of investing in
PHR implementation when benefit estimation perspectives and
those sectorsinvesting resources may not be wholly connected.

Critical M echanisms and Factor s of Success

Ultimately, itislikely that PHRswith integrated communication
and consultation functionalities will become business as usual
in many health care settings and the suite of e-Servicesavailable
will broaden to include avariety of automated machinelearning
and artificia intelligence featuresto support and advance health
and wellness needs and facilitated interactions with care
providers, organizations, and resources. As availability and
adoption become more widespread, factorsinforming successful
implementation, such as integration within health system
workflows and provider remuneration structures, will become
increasingly important.

https://www.jmir.org/2019/6/€12277/
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Limitations

We drew on evidence synthesized from the peer-reviewed
literature aswell as benefits eval uations of PHR implementation
sitesin Canadato devel op 3 model s estimating benefits of PHR
use to Canadians and Canadian health systems. As such, our
models are limited by the quality of the evidence generated
from these studies. Variability in the number of respondents
comprising study sample sizes, as well as the typical absence
of a comparison group or counterfactual, also limits the
generalizability of our estimates and may result in the over- or
underestimation of benefits across the 3 models.

To estimate the value of PHR use from the patient/caregiver
perspectives, we valued indirect costs using median income
estimates in Canada and 50% of median hourly income to
calculate nonlabor costs. It is likely that the distribution of
income varies greatly across participants of the studies from
which model inputs were drawn. As those who use PHRs tend
to have higher income, this likely underestimates the value to
current PHR users; however, it may morerealistically represent
the broader population who could potentially adopt PHRs.

To obtain aCanada-wide set of estimates, we used average costs
for health services in Canada; however, these were weighted
by thetotal Canadian population and appropriate adoption rates.

Finally, we did not include the cost of investment in PHR
development, implementation, and eval uation, therefore, we do
not make any claims about the relative benefit with respect to
overal cost. We do, wherever possible, account for variable
costs by using only the marginal benefit experienced by health
care organizations to cal culate estimates of economic value by
perspective.

Implications for Research and Practice

PHRs with high levels of direct interaction with care teams
showed promising potential value if broadly implemented in
the Canadian context with a particular focus on advancing
adoption among certain clinica populations—namely,
high-frequency health system users and their caregivers. Gaps
in evidence include information about PHR use and related
outcomes across PHR functions, care settings, and patient
populations (see Table 3). From the patient/caregiver
perspective, the care settings of studies that generated
value-based estimates across e-Services did not include
in-patient hospital care. Further research is needed to understand
thevalueto patients and caregivers of PHR usewheninteracting
with acute in-patient care settings. From the health system
perspective, gaps in evidence available for estimating values
differed according to PHR functionality. To gain amore fulsome
understanding of how viewing medical records benefits both
patients and health systems, research is needed to eval uate how
thismay differ across primary care versus specialized in-patient
and outpatient hospital settings. There is also a paucity of
information available concerning e-Visit, virtual visit, and e-Rx
renew service use and related benefits. Finally, an important
area for further research is understanding if and how PHR
functionalities—particularly virtual visit—influence health
system utilization and health outcomes for individuals with
chronic conditions, especially older cohorts of adults.
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Table 3. Current gapsin evidence related to personal health records.

Hackett et al

Personal health record functionality Electronic visit

Virtua visit Electronic prescription renew

Care settings with evidence included Community-based mental health

services

Lack of evidence to inform model Primary and outpatient specialist

care

Priority research area Yes

Primary care Community-based mental healthand

outpatient hospital services

Outpatient specialist care Primary care

Yes Yes

Overall, more evidence is needed to expand the scope of benefits
to include care settings outside of primary care and specialized
mental health services, as well as settings advancing access to
connected care e-service functionalities (beyond e-View).
Understanding the different waysin which different populations
benefit—and in which care settings—from saving resources
because of PHR use will require further data development,
especially regarding:

1. How caregivers use PHRs and how they benefit,

2. How geographic location and proximity to health services
influences value for patients,

3. How key determinants of technology adoption may
influence who and how patients, caregivers, and health
systems use PHRs, and how this relates to any outcomes
experienced, and

4. How different populations with high potential value
approach PHR use and technology use more broadly.

Conclusions

Thereis clear value to patients, health systems, and society of
patients having Web-based access to their health care
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