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Abstract

Background: eHealth tools such as patient portals and persona health records, also known as patient-centered digital health
records, can engage and empower individuals with chronic health conditions. Patients who are highly engaged in their care have
improved disease knowledge, self-management skills, and clinical outcomes.

Objective: Weaimed to systematically review the effects of patient-centered digital health recordson clinical and patient-reported
outcomes, health care utilization, and satisfaction among patients with chronic conditions and to assess the feasibility and
acceptability of their use.

Methods. We searched MEDLINE, Cochrane, CINAHL, Embase, and PsycI NFO databases between January 2000 and December
2021. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) guidelineswerefollowed. Eligible studies
were those evaluating digital health records intended for nonhospitalized adult or pediatric patients with a chronic condition.
Patients with a high disease burden were a subgroup of interest. Primary outcomes included clinical and patient-reported health
outcomes and health care utilization. Secondary outcomes included satisfaction, feasibility, and acceptability. Joanna Briggs
Institute critical appraisal toolswere used for quality assessment. Two reviewers screened titles, abstracts, and full texts. Associations
between health record use and outcomes were categorized as beneficial, neutral or clinically nonrelevant, or undesired.

Results: Of the 7716 unique publications examined, 81 (1%) met the eligibility criteria, with atotal of 1,639,556 participants
across all studies. The most commonly studied diseases included diabetes mellitus (37/81, 46%), cardiopulmonary conditions
(21/81, 26%), and hematology-oncology conditions (14/81, 17%). One-third (24/81, 30%) of the studies were randomized
controlled trials. Of the 81 studies that met the eligibility criteria, 16 (20%) were of high methodological quality. Reported
outcomes varied across studies. The benefits of patient-centered digital health records were most frequently reported in the
category health care utilization on the “use of recommended care services’ (10/13, 77%), on the patient-reported outcomes
“disease knowledge” (7/10, 70%), “ patient engagement” (13/28, 56%), “ treatment adherence” (10/18, 56%), and “ sel f-management
and self-efficacy” (10/19, 53%), and on the clinical outcome*“laboratory parameters,” including HbA ;. and low-density lipoprotein
(LDL; 16/33, 48%). Beneficial effectson “health-related quality of life” were seenin only 27% (4/15) of studies. Patient satisfaction
(28/30, 93%), feasibility (15/19, 97%), and acceptability (23/26, 88%) were positively evaluated. More beneficial effects were
reported for digital health records that predominantly focus on active features. Beneficial effects were less frequently observed
among patients with a high disease burden and among high-quality studies. No unfavorable effects were observed.
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Conclusions: The use of patient-centered digital health records in nonhospitalized individuals with chronic health conditions
ispotentially associated with considerable beneficial effects on health care utilization, treatment adherence, and self-management
or self-efficacy. However, for firm conclusions, more studies of high methodological quality are required.

Trial Registration:

PROSPERO (International Prospective Register of Systematic Reviews) CRD42020213285;

https://www.crd.york.ac.uk/prospero/display_record.php?RecordlD=213285

(J Med Internet Res 2022; 24(12):e43086) doi: 10.2196/43086
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Introduction

Background

The prevalence and disease burden of chronic health conditions
is on the rise. The World Health Organization predicts that by
2030, chronic noncommunicabl e health conditionswill account
for >50% of the total disease burden [1,2]. In particular,
cardiovascular conditions, cancer, respiratory conditions, and
diabetes have the highest morbidity and mortality [1]. Currently,
60% of the US population has at least 1 chronic condition and
42% of the population has multiple chronic conditions[3]. This
results in a high individual disease burden owing to the large
impact on social participation and required patient
self-management skills. Self-management refers to a person’s
ability to managetheclinical, psychosocial, and societal aspects
of their illness and its care [4]. In contrast, self-efficacy is a
person’'s belief that he or she can successfully execute this
behavior [4]. Apart from a high individual disease burden, the
prevalence of chronic conditionsimposes a high macroeconomic
burden [5]. Furthermore, an increasing shortage of health care
providers is expected, among others in the United States [6]
and Europe [7,8]. In combination with the increased pressure
put on health systems by unexpected events such as the
COVID-19 pandemic, this shortage threatens the delivery of

essential health services[9]. To preserve the access to care for
all patients, new technologies are increasingly being devel oped
and adopted, including patient-centered digital health records.

Such patient-centered digital health records can significantly
help engage and empower patients with a chronic health
condition [10-13]. Patient-centered digital health recordsenable
patients to take on a more active role in their care by allowing
them to view parts of their medical records, such as medication
lists, laboratory and imaging results, allergies, and
correspondence. Other common features include secure
messaging, requesting prescription refills, video consultation,
paying bills, and managing appointments. Examples of
patient-centered digital health records include patient portals
and personal health records (PHRs). Patient-centered digital
health records differ in the volume and detail of the provided
medical data, functionalities, and level of patient control, as
shown in Textbox 1. Highly engaged patients are reported to
have increased disease knowledge, better self-management,
more self-efficacy, and improved clinical outcomes [14-16].
The effects of using patient-centered digital health records may
be most substantial for patients with chronic conditions. Many
self-management skills are required, and their potential gains
are the highest. Not only patients but the entire health care
system might benefit from an increased adoption of
patient-centered digital health records.

Textbox 1. Proposed taxonomy of patient-centered digital health records [10,17-21].

Electronic health record (EHR): adigital version of a health care provider’s paper chart, used by health care professionals alone. Patients cannot
accessdatain an EHR. An EHR might contain datafrom one health careinstitution or from multipleinstitutions. Its scope can range from regional,
to national, or international .

Patient portal: the patient-facing interface of an EHR that enables people to view sections of their medical record. This might include access to
test results, medication lists, or therapeutic instructions. Health care providers or health care offices determine what health information isaccessible
for patients. Patient portals often have additional features such as patient-professional messaging, requesting prescription refills, scheduling
appointments, or communicating patient-reported outcomes. By definition, patient portals are “tethered,” in which “tethered” refers to a patient
portal’s connection to an EHR. Occasionally, a patient portal is referred to as a tethered personal health record (PHR).

PHR: aPHR issimilar to apatient portal and can have similar features. However, the main differenceisthat contents are managed and maintai ned
by individuals, not health care providers. People can access, manage, and share their health information, and that of others for whom they are
authorized, such as parents or caretakers. Health information from different health care institutions may reside in asingle patient-managed PHR.
In general, PHRs are not tethered unless otherwise specified. Few tethered PHRs currently exist but are increasingly being developed [22].

Patient-centered digital health records: an umbrellaterm referring to patient portals, tethered PHRS, and part of the untethered PHRs. Petient-centered
digital health records enable a 2-way exchange of health information between patients and the health care system and provide patients with the
ability to view, download, or transmit their health information on the web. This health information is updated at regular intervals. In addition, it
enables communication between patients and the health care system, either by adding or editing health information, exchanging patient-reported
outcomes, or by using communication tools such as messaging. Additional functionalities are often present.

“Electronic medical record” is an outdated term [21]. It can be considered a professional-centered EHR with limited functionalities.
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Currently, huge investments of time and resources are made in
patient-centered digital health records. However, limited insight
existsin how the use of patient-centered digital health records
by patients with a broad range of chronic conditions affects
clinical and patient-reported outcomes and health care
utilization. Moreover, we lack an overview of their effects on
patient satisfaction, and the feasibility and acceptability of their
use by people with chronic conditions. Previous systematic
reviews focused on one health condition [23], focused on one
type of digital health record [24-27], investigated a select set
of health outcomes [24,26,28], or are now obsolete in this
rapidly changing technological landscape [23,25,27].

Objectives

Therefore, in this systematic review, we summarized the
available evidence on patient-centered digital health records.
Our primary objective wasto assess how patient-centered digital
health records for nonhospitalized patients with chronic
conditions affect clinical and patient-reported health outcomes
and health care utilization. Our secondary objective was to
eva uate patient sati sfaction with and feasi bility and acceptability
of using patient-centered digital health records. Results of this
systematic review may help guide future development and
implementation.

Methods

The protocol for this study was registered in the International
PROSPERO (International Prospective Register of Systematic
Reviews) Register of Systematic Reviews (CRD42020213285)
[29]. The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines were followed [30].

Literature Search

A medical librarian (MB) conducted the original literature search
using the following databases: MEDLINE, Cochrane Library,
CINAHL, Embase, and PsycINFO. All original studies
published between January 1, 2000, and December 1, 2020,
were assessed. A search update in MEDLINE was performed
for al studies published between December 1, 2020, and
December 31, 2021. Multimedia Appendix 1 presents the full
search strategy. Articles published before 2000 were excluded
because of therapidly changing field of digital health technology
[30].

Eligibility Criteria

Patient-centered digital health records were defined as mobile
health (mHealth) or eHealth technologies that enable a 2-way
exchange of health information between patients and the health
care system, such as patient portals, PHRs, or mHealth apps
with a health record functionality. A patient-centered digital
health record provides patients with the ability to view,
download, or transmit their health information ontheweb. This
health information was updated at regular intervals. |n addition,
a patient-centered digital health record alows for
communication between patients and the health care system,
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either by adding or editing health information, exchanging
patient-reported outcomes, or by using communication tools
such as messaging. Several other functionalities are common,
but were not considered essential; for example, appointment
scheduling, requesting prescription refill, viewing educational
material, using decision support tools, and using connected
wearables. Exclusion criteria were nondigital health records,
digital health records intended for hospitalized patients, and
digital health recordsthat are not accessible to patients, such as
the clinician-facing components of the electronic health record
(EHR).

Studies

Studies investigating patient-centered digital health records
intended for nonhospitalized patients with a chronic health
condition wereincluded. Only studies published in Englishwere
included. Eligible studiesincluded randomized controlled trials
(RCTs), quasi-experimental  studies, nonexperimental
observational studies (including cohort and cross-sectional
studies), and pilot or feasibility studies. Of mixed methods
studies, only nonqualitative parts were used for data extraction.
Studies that only described health care providers' experiences
were excluded.

Participants

Studies on patients with a chronic health condition of all age
groupswere considered. Chronic conditionsincluded all diseases
with a moderate to high disease burden and moderate to high
impact on daily life. Consequently, these conditions demand
considerable self-management skills from patients to manage
the clinical, psychosocial, and societal aspects of chronic
condition and its care. The selection of chronic conditions
included in our search strategy was based on the Charlson
Comorbidity Index, other literature, and clinical expertise
[31,32]. Diseasesincluded cancer, arthritis, HIV, AIDS, asthma,
chronic obstructive pulmonary disease, chronic heart conditions,
hematologic disease, chronic kidney disease, celiac disease,
inflammatory bowel disease, cydtic fibrosis, diabetes mellitus,
and multiple sclerosis (MS).

Outcomes

Studieswere required to report at |east one primary or secondary
outcome. Primary outcomeswere clinical outcomes (including
disease events and complications, vital parameters, and
laboratory parameters), patient-reported outcomes (including
self-management and self-efficacy, patient engagement,
health-related quality of life (HRQoL), stress and anxiety, and
treatment adherence), and health care utilization (including the
number of emergency department [ED] visits and
hospitalizations, the use of preventive or recommended care
services by patients, and regular workload for health care
professionals). Secondary outcomesincluded technology-related
outcomes (including patient satisfaction, feasibility, and
acceptability). Definitions and examples of these 13 outcomes
are presented in Table 1.
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Table 1. Definitions and examples of al health outcomes included in this systematic review.

Included study outcomes Definitions and examples

Clinical outcomes

Disease events and .
complications

Vital parameters .

Laboratory parameters

Patient-reported outcomes

Self-management and
self-efficacy

Patient engagement .

Hesdlth-related quality
of life

Treatment adherence .

For example, asthma exacerbation, chronic kidney disease progression, and death
For example, blood pressure, BMI, weight, and respiratory parameters

For example, HbA 1.2 LDLP, cholesterol, eGFRC, HIV viral load, and CD4+ T-cell count

Self-management is a person’s ability to manage the clinical, psychosocial, and societal aspects of illness and its
care.

Self-efficacy isthe belief that aperson can successfully execute this behavior (eg, measured by the validated Diabetes
Empowerment Scale) [4]

Peatient engagement comprises 3 suboutcomes:

«  Patient activation: patients believe that their own rolein managing their careisimportant, patients' confidence
and knowledge to take action, how much they take action, and if patients are capable of staying on course
under stress (eg, measured by the Patient Activation Measure PAM13) [33]

«  Patientinvolvement: patients' involvement and participation in treatment decisions, and patients’ involvement
in sharing information, preparing and conducting amedical consultation, and accepting instructions from
doctors and nurses [34] (eg, measured by the number of patientsthat isin possession of an AsthmaAction
Plan)

«  Disease knowledge: patients’ knowledge of adisease and itsrelated care activities (eg, measured by the Brief
Diabetes Knowledge Test) [35]

All aspects of one's quality of life that are health-related, including physical functioning, social functioning, and
mental health (eg, measured by the 36-Item Short Form Survey SF-36) [36]
A reduction in anxiety or stress was considered a suboutcome (eg, measured by the parenting stress index) [37]

The extent to which a person’s behavior (taking medication, following adiet, or the execution of lifestyle changes)
corresponds with health care providers' recommendations [38] (eg, adherence to HIV medication)

Health careutilization: >all types of encounter sbetween patientsand health careproviders, including EDY visits, hospitalizations, outpatient
clinic appointments, and telephone calls

ED visitsand hospital-
izations

Recommended care .
services

Regular workload .

Technology-related outcomes

Patient satisfaction .
Feasibility .
Acceptability .

Reductions in undesirable events (eg, reductions in emergency department visits and hospitalizations)

Increased use of recommended care services by peoplewith uncontrolled disease, and theimproved use of preventive
care services (eg, follow-up outpatient clinic visits among people with uncontrolled HIV, eye examinationsin
people with diabetes)

A decreasein regular workload for health care professional s (eg, patients use email instead of interruptive telephone
calls as afirst method of contact)

Patient satisfaction with accessing and using patient-centered digital health records
Patient satisfaction with the effects of using patient-centered digital health records (eg, sense of control, perceived
quality of care)

Adherence to patient-centered digital health records and user retention rates, for which no universal cut-off values
are available

The perceived usability of patient-centered digital health records and how these affect behavior, aswell asidentified
facilitators and barriers

8HbA ¢ glycated hemoglobin.
b pL: low-density lipoprotein.

%eGFR: estimated glomerular filtration rate.

dep: emergency department.
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Data Extraction

Two independent reviewers (MB and SB) assessed titles,
abstracts, and full texts for eligibility. Disagreements were
resolved by discussion, if necessary, with athird reviewer (SG).

A modified, electronic version of the standardized Cochrane
data extraction form [39] was used to extract the following data
items: first author’'s name; publication year; study design;
disease or diseases studied; study aim; country and setting;
participants’ age and sex; sample size; inclusion and exclusion
criteria; follow-up duration; description, features, and purpose
of the patient-centered digital health record and (if applicable)
of the comparator; size and description of the control group (if
applicable); device used; description of health outcomes and
results; and main study findings.

Quality Appraisal

For quality appraisal, Joanna Briggs Institute (JBI) critical
appraisal toolsfor RCTSs, cross-sectional studies, cohort studies,
and quasi-experimental studies were used [40]. JBI tools were
modified to better suit the assessment of digital health record
studies. Severa items were added, including adequate
patient-centered digital health record descriptions and selection
bias measures, as presented in Multimedia Appendix 2. Asthe
JBI tools differed in the number of items, all scores were
converted to a 15-point scale. Articles with a score of 312 were
considered of “high quality,” between 8.5 and 11.9 of “medium
quality,” and <8.5 of “low quality.”

Data Synthesis

Associations between patient-centered digital health record use
and health outcomeswere categorized in 3 groups: “ beneficial
“neutra or clinicaly nonrelevant,” or “undesired.”
Categorizations were determined by our interpretation of study
findings, based on meaningful clinical effects and statistical
significance (P<.05), and could therefore differ from the authors
conclusions. Statistical significance was considered relevant
only if the effect size were clinically significant. If available,
minimal clinically important differences were used to assess
effect sizes. The summarization of effects was based on the
vote-counting method, as no meta-analysis could be performed.
The findings were summarized for all conditions, grouped by
disease category (diabetes mellitus, cardiopulmonary diseases,
hematol ogy-oncol ogy diseases, and other diseases), and grouped
according to outcome type (clinical outcomes, patient-reported
outcomes, health care utilization, and technology-related
outcomes).
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Subgroup Analyses

Several subgroup analyses were performed. The first subgroup
included conditions with a high disease burden. Theseincluded
conditions with either impaired socia participation or that
require ahigh level of self-management skills. Impaired social
parti cipation was defined as being unabl e to participate in work
or school or engage with friends and family as desired because
of the condition or its treatment. High self-management skills
are defined as recurrent actions demanded from patients to
prevent or treat the disease or its consequences, including high
disease-related knowledge needed to actively engage in
decision-making. This subgroup was determined based on
clinical expertise of the study team. Second, we assessed 2
subgroups. patient-centered digital health records that
predominantly offered passive features and those that
predominantly offered active features. Passive features are those
through which the patient receives information but does not
actively add information. Activefeatures arethosein which the
patient performs an action and actively engageswith the digital
health record. The third subgroup of interest included studies
with high methodological quality. A sensitivity analysis was
performed to investigate whether our results were influenced
by poor quality studies. Finally, the subgroups of interest were
studies that included older participants (mean age >55 years),
a high number of female participants (>45%), or a racialy
diverse population (<50% White participants).

Results

Overview

The search yielded 7716 unique publications. After screening
the titles and abstracts, 320 full-text articles were retrieved. A
total of 81 articles met the inclusion criteria. No non-English
articles that met the inclusion criteriawere identified. Figure 1
shows the study PRISMA flowchart. In total, 1,639,556
participants were included in the studies of this systematic
review. Most (74/81, 91%) studies included only adult
participants. Of the total 1,369,913 participants, 99%
(n=1,629,660) were adults. Nine studies included children or
their parents, with a total number of 9297 children and 599
parents. Sample sizes of studies varied from 10 to 267,208
participants. Furthermore, 46% (747,370/1,639,556) of the
participants were female. Of the 81 included studies, health
literacy was reported by 7 (9%) studies and insurance status by
15 (20%) studies. Race distribution was reported by 74% (60/81)
of studies, of which 47 (78%) studies included a population of
which morethan half were White and 26 (43%) studies of which
>75% were White.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. PC-DHR: patient-centered digital health

record.
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Study Char acteristics

Study characteristics are presented in Tables 2-5 (36 studiesare
listed in Table 2; 11 studies arelisted in Table 3, 14 studies are
listed in Table 4, and 20 studies are listed in Table 5). Most
investigated conditionsweretype 1 or 2 diabetes mellitus (37/81,
46%), cardiovascular conditions (14/81, 17%), and malignancies
(1181, 14%). Studies were mostly conducted in the following
countries: United States (58/81, 72%), the Netherlands (7/81,
9%), Canada (5/81, 6%), and United Kingdom (3/81, 4%). In
addition, 30% (24/81) of the studies were RCTSs, 27% (22/81)
were cross-sectional studies, 20% (16/81) were retrospective
observational cohort studies, and 23% (18/81) were
quasi-experimental studies, including pretest-posttest and
feasibility studies. One study was a secondary data analysis of
theintervention group in an RCT. Of the 55 studiesthat reported

https://www.jmir.org/2022/12/e43086
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follow-up durations, 6 (7%) studies had afollow-up of lessthan
amonth, 25 (31%) studies between 1 and 6 months, 14 (17%)
studied between 7 and 12 months, and 10 (12%) studies of >12
months.

Explanations of the patient-centered digital health records
investigated in each study are presented in Tables 6-9.
Patient-centered digital health recordsrange from apilot patient
portal enabling patients to view a limited set of their medical
data to comprehensive PHRs, offering extensive data access
and enabling appointment scheduling and prescription refill
requests. A minority (12/81, 15%) of studies specifically
evaluated =1 digital health record features such as secure
messaging or amedication adherence module. In addition, 15%
(12/81) of studies used a hybrid approach to assess a
combination of adigital health record with a connected device,
or with training, coaching, or face-to-face visits.
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Table 2. Study characteristics of studies investigating diabetes mellitus (of 37 studies investigating diabetes mellitus, 36 are listed in Table 2).2

Author, year  Country, setting Study population, dis-  gyrgenP Study design Samplesize Age(years)®, Gender® (fe- Race®
ease, controlled? mean (SD)  male), n(%) (White), n (%)
Baleyetal  United States, 2aca  aAquitswithDMY on  ~ Pilot or feasi- 100 56 (11) 57 (57) 48 (48)
[41], 2019 demic hospitals high-risk medication bility
Boogerdet  Netherlands, 7medi- Parentsof children<13 + Pilotorfessi- |ezgq cf=57 9.1(2.7): 30 (56) NRY
a [42],2017 cadl centers years with DM type 1 bility Children
Byczkowski  United States, 1 aca- Parentsof childrenwith + Cross-sec- 1=126,C=89 11 (NR) 69 (54.8) 115 (91.3)
eta [43], demic hospital DM (or CFh or J|Ai) tional
2014
Chungeta  United States, outpa  Adults with DM - Cohort 1=12,485, 56 (12) 5493 (44) 5119 (41)
[44],2017 tient care organiza- C=2831
tion
Conway etal  United Kingdom, Patients with DM - Cross-sec- 1095 58 (12) 405 (36.99) 873 (78.73)
[45],2019  Scotland’s hedlth tional
system
Devkotaet  United States, 6 Patients with DM type - Cohort 1=409, 58 (12)k 235 (57.5) 250 (61.1)
al [46],2016 pcpd 2 C=1101
Dixoneta  United States, 3 Adultswith DM type2 - Pilotor feas- 96 53(11) 56 (58) 47 (49)
[47],2016  community centers bility
Greetzetal  United States, inte-  Adultswith DM - Cross-sec- 267,208 NR 127,458 116,770 (43.7)
[48],2018  grated health system tional (47.7)
Gregtzetal  United States, inte-  AdultswithDM withat - Cross-sec- 111,463 64 (13) 51,545 45,205 (40.56)
[49],2020  grated heath system least 1 oral drug tional (46.24)
Grant et a United States, 11 AdultswithDM using - rcT' 1=126, 59 (10) 54 (42.9) 117 (92.9)
[50], 2008 PCPs medication C=118
Laueta Canada, 1 academic  Adults with DM - Cohort 1=50,C=107 55 (14) 22 (44) NR
[51], 2014 hospital
Lyleseta  United States, inte-  Adultswith DM type2 - Cohort 1=8705, 61 (11)% 4013 (46.1) 3134 (36)¢
[52],2016  grated health system using statins C=9055
Martinezet  United States, 4 Adultswith DM type2 - Pilot or feas- 60 58 (13) 33(55) 41 (68)
a [53],2021 medical centers using medication bility
McCarrieret United States, 1dia  Adults <50 yearswith  + RCT 1=41,C=36 57 (8) 15 (37) 39 (95)
a [54],2009 betesclinic uncontrolled DM type
1
Osborneta  United States, Laca=  Adultswith DM type2 - Cross-sec- 1=62,C=13 57 (8) 39 (63) 46 (74)
[55],2013  demic hospital using medication tiona
Price-Hay-  United States, inte-  Adults with DM or - Cohort 1=10,497, NR 6205 (59.11) 8055 (76.74)
wood and grated health system ym C=90,522
Luo [56],
2017
Price-Hay-  United States, inte-  AdultswithDM or HT - Cohort 1=11,138, 58 (13) 6,204 (55.7) NR
wood et a grated health system C=89,880
[57], 2018
Quinneta  United States, 26 Adults <65 yearswith - RCT 1=82,C=25 54(8) 39 (48) 51 (62)
[58], 2018 PCPs DM type 2
Reed et d United States, inte-  Adultswith DM, HT, + Cross-sec- 1041 NR 587 (56.4) 618 (59.4)
[59],2015  grated health system CAD", asthma, or tional
CHF°
Reed et d United States, inte-  Adultswith DM+HT,  + Cross-sec- 165,477 NR 79,594 NR (60.9)
[60],2019  grated hedthsystem CAD, asthma, or CHF tional (48.2)
Reed et d United States, inte-  Adultswith DM, asth- % Cross-sec-  1=1392, NR 719 (51.7) 816 (58.6)
[61],2019  grated hedthsystem ma, HT, CAD, CHF or tional C=407

CV event risk
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Author, year  Country, setting Study population, dis-  gyrgen? Studydesign Samplesize  Age(years)®, Gender® (fe- Race®

ease, controlled? mean (SD)  male), n (%) (White), n(%)
Riippaetal  Finland, 10 PCPs AdultswithDM,HT or - RCT 1=80, C=57 61(9) 45 (56) NR
[62], 2014 HcP
Riippaeta  Finland, 10 PCPs AdultswithDM,HT or - RCT 1=80,C=57 61(9) 45 (56) NR
[63], 2015 HC
Robinson et United States, 1 vet- Veteranswithuncon- - Cross-sec- 1=446, 66 (8) 28 (6.3) 384 (86.1)
al [64],2020 eran hospital trolled DM type 2 tional C=754
Rondaeta  Netherlands, 62 Adults with DM - Cross-sec- 1=413, 64 (12) 154 (37.3) 383 (93.6)
[65],2014  PCPst+1 hospital tional C=758
Rondaeta  Netherlands, 62 Adults with DM - Cross-sec- 1=413, 59 (13) 154 (37.3) 383 (93.6)
[66],2015  PCPst+1 hospital tional C=219
Sabo et al United States, 21 AdultswithDM type2 - Cohort 1=189, 61 (13) 75 (40.9) 113 (72.9)
[67],2021  practices C=148
Sarkareta  United States, inte-  Adults with DM - Cohort 1=8705, 61 (11)k 4013 (46.1) 5072 (58.27)
[68],2014  grated health system C=9055
Seoetd South Koreg, 1 aca-  Patients with DM - Cohort 1=133, 54 (10) 23(17.3) NR
[69],2020  demic hospital C=7320
Sharitetal  United States, 1 vet- Overweight veterans - Filot or feas- 38 58 (8) 9(24) 8 (21)k
[70],2018  eranscenter with prediabetes bility
Shimadaet  United States, Veter- Veteranswith uncon- - Cohort 1=50,482, 61 (10) 2060 (4.08) 35,761 (70.84)
al [71], 2016 an registry trolled DM, HT or C=61,204

LDLY
Tenfordeet  United States, 1 Adults<75 yearswith - Cohort 1=4036, 59 (10) 1857 (46)k 3,390 (84)k
al [72],2012 community hospital DM C=6710
vanVugtet  Netherlands, 52 Patients with DM type - RCT 1=66, C=66 68 (10) 54 (41) 91 (69)
al [73],2016 PCPs 2
Vo et a United States, inte-  Adults <80 yearswith - RCT 1=673, 61 (10) 296 (44) 394 (58.5)
[74],2019  grated hedlthsystem DM type?2 C=603
Wald et d United States, 230  Patientswith DM type - RCT 126 59 (NR) 53 (42.1) 117 (92.9)
[75],2009  PCPs 2
Zocchi eta  United States, nation-  Patients with DM type - Cohort 95,043 63 (10) 4,339 (4.57) 68,954 (72.55)
[76],2021  wide 2, partly uncontrolled

8All studies are listed in Tables 2-5 and are reported in the disease category of the condition that is most prominently investigated. The study by Druss

et a [77] isthereforelisted in Table 5.

B1f conditions are considered to have a high disease burden or demand high self-management skills, a positive sign is shown. Otherwise, a sign is
indicated. A * sign indicates that multiple diseases have been studied, and only some of the diseases were considered to have a high disease burden.

CIf available, age (years), gender, and race were reported by digital health record users (“the intervention group”).
9DM: diabetes mellitus.

€ intervention.

fc: control.

9INR: not reported.

hcF: cystic fibrosis.

1JIA: juvenile idiopathic arthritis.
Ipcp; primary care practice.
KPresented numbers were estimated based on the data provided in the original articles.
IRCT: randomized controlled trial.
MHT: hypertension.

NCAD: coronary artery disease.
OCHF: congestive heart failure.
PHC: hypercholesterolemia.
9_DL: low-density lipoprotein.
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Table 3. Study characteristics of studies investigating cardiopulmonary diseases (of 21 studies investigating cardiopulmonary diseases, 11 are listed

in Table 3).2
Author, year  Country, setting Study population, dis-  gyrgen® Study design Samplesize  pge(years)®, Gender (fe- Race’
ease, controlled? mean (SD)  male), n (%) (White), n(%)
Abergeretal United States, renal  Postrenal transplant pa-  + Pilot or feasi- 66 54 (NR®) 34 (52)f 48 (72)f
[78],2014  transplant clinic tients with HTY bility
Ahmedeta Canada, 2 academic Adultswith asthmaus- + RCTY |h:49’ c=s1 NR 32 (68) NR
[79], 2016 hospitals ing medication
Apter et a United States, multi-  Adultswith asthmaus-  + RCT 1=151, 49 (13) 270 (89.7) 4(1.3)
[80],2019  center hospitals ing prednisone C=150
Fikseta United States, 3 Children aged 6-12 + RCT 1=30,C=30 8.3(1.9) 26 (87) 13 (43)
[81], 2015 pcpd years with asthma, among par-
partly uncontrolled ents
Fikset al United States, 20 Children aged 6-12 + Pilotor feasi- 1=237, NR 101 (42.8) 144 (61.5)
[82], 2016 PCPs years with asthma, bility C=8896
partly uncontrolled
Kogutetal  United States, 1 Adultsaged >49 years + Filot or feas- 30 NR 14 (47) NR
[83],2014  community hospital  with cardiopulmonary bility
disorders
Kimetad South Korea, 1 aca-  Petientswith obstruc- - RCT 1=30, C=13 43 (10)f NR (15) NR
[84],2019  demic hospital tive sleep apnea
Lauet al Australia, nation-  Adults with asthma + RCT 1=154, 40 (14) 124(805) NR
[85],2015  wide C=176
Manardetal  United States, PCP  Adults with uncon- - Cohort 1=400, 61 (12) 262 (65.5) 72
[86], 2016 registry trolled HT Cc=1171
Toscoseta  United States, 1 Patientswith nonvalvu-  + RCT 1=76,C=77 71(9) 60 (37.5) 153 (99.4)
[87],2020  community hospital |5 AFK with OAC!
Wagner et al  United States, 24 Patients with hyperten- - RCT 1=193, 55(12) 145 (75.1) 96 (50.5)
[88], 2012 PCPs sion, partly uncon- C=250

trolled

8A|l studies are listed in Tables 2-5 and are reported in the disease category of the condition that is most prominently investigated. The studies by
Price-Haywood and Luo [56], Price-Haywood et a [57], Reed et al [59], Reed et a [60], Reed et a [61], Riippaet a [62], Riippaet a [63], Shimada
et al [71] arelisted in Table 2. The study by Martinez Nicolas et a [89] islisted in Table 4. The study by Druss et a [77] istherefore listed in Table 5.

B1f conditions are considered to have a high disease burden or demand high self-management skills, a positive sign is shown. Otherwise, a sign is
indicated. A + sign indicates that multiple diseases have been studied, and only some of the diseases were considered to have a high disease burden.

CIf available, age (years), gender, and race were reported by digital health record users (“the intervention group”).
aHT: hypertension.

®NR: not reported.

"Presented numbers were estimated based on the data provided in the original articles.

9RCT: randomized controlled trial.

M intervention.

ic: control.

Ipcp: primary care practice.

KAF: atrial fibrillation.

loAC: oral anticoagulant drug.
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Table 4. Study characteristics of studies investigating hematological and oncological diseases (n=14).

Brands et al

Author, year  Country, setting Study population, dis-  gyrgen® Studydesign Samplesize  age (years)®, Gender® (fe-  Race®
ease, controlled? mean (SD)  male), n (%) (White),n(%)
Cahill etal  United States, can-  Adultswith glioma  + Cross-sec- 186 44 (13) 87 (46.8) 149 (86.1)
[90], 2014  cer center tional
Chicheetd  France, 1communi- Aduitswith ITF® ~ * RrcTd =28, Cf=15 48 (15) 21(79) NRP
[91], 2012  ty hospital
Collinseta  United Kingdom, Patients with + Pilotor feas- 10 NR NR NR
[92], 2003 hemophiliacenters  hemophilia>11 years bility
Coqueteta  United States, can-  Patients with can- + Cohort 1=3223, 59 (15) 1,554 1,804 (49.68)
[93],2020  cer center cer+chemotherapy C=3223 (49.78)
Groeneta  Netherlands, cancer Patients with lung + Pilotor feas- 37 60 (8) 16 (47) 37 (100)
[94],2017  center cancer bility
Hall et al United States, Can-  Patientswithresection  + Pilot or feasi- 49 59 (12)9 37 (76) 48 (98)
[95],2014 cer Center for CRC! or ECI bility
Hongeta  United States, aca-  Children aged 13-17  + Cross-sec- 46 15 (1.2)¢ 10(63) NR
[96],2016  demic pediatrichos- yearswith cancer or a tional among chil-
pita blood disorder+par- dren
ents
Kidwell etal United States, multi- Patientsaged 13-24  + Filotorfeas- 44 19 (NR) 24 (55) 0(0)
[97],2019  center hospitals years with sickle cell bility
disease
Martinez Spain, 4 community  patientswith COPDX, + Pilotorfeas- 577,121 42 (23) 319,7259 NR
Nicolaset al hospitals CHF', or hematologic bility (55)
[89], 2019 !
malignancy
O'Heaeta  United States, can-  Adult women with + RCT 1=100, 61 (11) 100 (100) 85 (85)
[98],2021  cer centers nonmetastatic breast C=100
cancer ending treat-
ment
Pai et al Canada, cancer cen- Adult men with + Cross-sec- 17 64 (7)° 0(0) 16 (95)
[99], 2013  ter prostate cancer tional
Tarvereta  United States, aca=  Patientswith colorec-  + Cross-sec- 22 58 (10) 10 (45) NR
[100], 2019  demic hospital tal cancer tional
Wiljereta  Canada, breast can- Patientswith breast  + Pilotorfeas- 311 NR 303 (99.7) NR
[101], 2010  cer registry cancer bility
Williamson  United States, pedi- Pediatric cancer sur-  + Cohort 56 NR 27 (48) 49 (88)
etal [102],  atric cancer center  vivors
2017

3f conditions are considered to have a high disease burden or demand high self-management skills, a positive sign is shown. Otherwise, a sign is
indicated. A * sign indicates that multiple diseases have been studied, and only some of the diseases were considered to have a high disease burden.

Bf availabl e, age (years), gender, and race were reported by digital health record users (“the intervention group”).
CITP: idiopathic thrombocytopenic purpura.
9RCT: randomized controlled trial.

€ intervention.

fc: control.

9YPresented numbers were estimated based on the data provided in the original articles.

PNR: not reported.
'CRC: colorectal cancer.

JEC: endometrial cancer.
KCOPD: chronic obstructive pulmonary disease.
ICHF: congestive heart failure.
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Table 5. Study characteristics of studies investigating other diseases (of 21 studies investigating other diseases, 20 are listed in Table 5). Diseases
include kidney disease (n=3, 15%), mental health disorders (n=3, 15%), multiple sclerosis (n=2, 10%), inflammatory bowel disease (n=2, 10%),

rheumatol ogic conditions (n=2, 10%), and others (n=8, 40%).2

Author, year  Country, setting Study population, dis-  gyrgen® Study design Sample Age(years)®, Gender® (fe- Race®

ease, controlled? size mean (SD)  male), n (%) (White), n (%)
[103], 2017 women with HIV, part-

ly uncontrolled
Bidmeadand United Kingdom, 1 pgiientswith IBDY + Crosssec- 60 NR" NR NR
Marshall community hospital tiona
[104], 2016
Crouch et a United States, 1HIV ~ Veterans with HIV, + Cross-sec- |i:20, 43 (11) 1(5) 19 (95)
[105], 2015 clinic partly uncontrolled tiona i

C'=20

Drusset a United States, 1 Patientswithamental  + RCT I=85,C=85 49(7) 42 (49) 13 (15)
[106], 2014 mental health center  disorder+chronic condi-

tion
Drusset a United States, 2 Patientswith amental  + RCT 1=156, 51 (6.5) 95 (61) 29 (19)
[77], 2020 mental health cen- disorder+DM k’ HTI, or C=155

ters HCm

Jhamb et al United States, 4 Adultsvisiting nephrol-  + Cross-sec- 1098 58 (16) 549 (50) 952 (86.7)
[107], 2015 nephrology clinics  ogy clinics, partly un- tional

controlled
Kahneta United States, HIV ~ PatientswithHIV or ~ + Pilotorfeasi- 136 NR 15 (1) 106 (78)'
[108], 2010 clinic AIDS bility
Keith United States, 8 Vet-  Veterans with HIV, + Cross-sec- 1871 NR 51 (2.73) 342 (18.28)
Mclnneseta eran hospitals partly uncontrolled tiona
[109], 2013
Keith United States, Veter-  VeteranswithHIV+de-  + Cohort 3374 NR 128 (3.79) 1130 (33.49)
Mclnneseta anscare system tectableviral load, part-
[110], 2017 ly uncontrolled
Kiberd et a Canada, didysis Adult with homedialy- + Pilotor feas- 41 57 (2) 13 (48) NR
[111], 2018 clinic sis bility
Leeetd South Korea, 1 Patientswith cleftlipor - Pilotorfeas- 50 36 (NR) 33 (66) NR
[112], 2017 surgery department  cleft palate surgery bility
Miller et a United States, Mg"  Patientswith MS + RCT 1=104, 48 (9) 73(71.6) 80 (78.4)
[113], 2011 clinic C=102
Navaneethanet  United States, multi- ~ Adults with chronic + RCT 1=152, 68 (NR)f 79 (52) 117 (77)
a [114], 2017 ple hedth centers kidney disease, partly C=57

uncontrolled
Plimpton United States, HIV ~ Women with HIV, + Pilotorfeas- 22 41 (11) 22 (100) 7(32)
[115],2020  clinic partly uncontrolled bility
Reich et al United States, 1 Adults with 1BD® + RCT 1=64,C=63 42 (16) 28 (46) 48 (77)
[116],2019  community hospital
Scott Nielsen  United States, Laca= Adultswith MS + Cross-sec- 1=120, 45 (11) 90 (75) 115 (95.8)
et a [117], demic center tional C=120
2012
SonandNahm  United States, online  Patients >49 yearswith  + Secondary 272 70(9) 191 (70.2)  213(78.3)
[118], 2019 senior community 1 or morechronic condi- dataanalysis

tions
Tomet d United States, inte-  Parents of childrenage +* Cross-sec- =166, 3 66 (39.8) 113 (68.1)
[119],2012  grated hedthsystem <6yearswith1or more tional C=90

chronic conditions
vandenHeuv- Netherlands, 3hospi-  Adultswith bipolar dis-  + Cross-sec- 39 45(11) 44 (67) NR
e eta [120], tas order tiona
2018
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Author, year  Country, setting Study population, dis=  grgenP Study design  Sample Age(years)®, Gender® (fe- Race®

ease, controlled? size mean (SD)  male), n (%) (White), n(%)
vander Vaart Netherlands, 1hospi-  Patientswith rheuma-  + Crosssec- 214 62 (13) 140 (65.4) NR
eta [121], tal toid arthritis tiona

2014

Al studies are listed in Tables 2-5 and are reported in the disease category of the condition that is most prominently investigated. The study by
Byczkowski et a [43] istherefore listed in Table 2.

b1 conditions are considered to have a high disease burden or demand high self-management skills, a positive sign is shown. Otherwise, a sign is
indicated. A + sign indicates that multiple diseases have been studied, and only some of the diseases were considered to have a high disease burden.

CIf available, age (years), gender, and race were reported by digital health record users (“the intervention group”).
dMSM: men who have sex with men.

€RCT: randomized controlled trial.

"Presented numbers were estimated based on the data provided in the origina articles.
9BD: inflammatory bowel disease.

PNR: not reported.

iI: intervention.

ic: control.

kDM: diabetes mellitus.

IHT: hypertension.

MHC: hypercholesterolemia

"MS: multiple sclerosis.

9BD: inflammatory bowel disease.
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Table 6. Patient-centered digital health record descriptions for disease category diabetes mellitus (of 37 studies investigating diabetes mellitus, 36 are

listed in Table 6).2
Author, year Name Type What is evaluated?®  Passive features Active features Focus®
Bailey et d [41], ElectronicMed- ppd Adherence module  View heath information (medical  Report medication con-  Active
2019 ication Com- aone summary), read after-visit summary, cerns, monitor medica
plete Communi- read educational material tion use
cation
Boogerd et al [42], Sugarspace PP PP View treatment goals, read educa-  Parent-professional com- Active
2017 tional material munication, peer support
Byczkowski et al In-house devel- PP PP View hedth information (including Messaging, upload docu- Passive
[43], 2014 oped |aboratory results, medication), view  ments, receive reminders
appointments, read disease-specific
information
Chung et d [44], Not reported PP Messaging View health information Messaging Active
2017
Conway et al [45], My Diabetes Tethered PHR View hedthinformationfromprima-  Report self-measure- Passive
2019 My Way PHR® ry and secondary care (including ments
clinical parameters, medication, and
correspondence), read educational
meaterial
Devkotaet a [46], MyChart PP PP View health information (including Messaging, request pre-  Passive
2016 |aboratory results, diagnoses, medi-  scription refills, schedule
cation, vital signs), read educational  appointments, pay bills
meaterial
Dixon et a [47], CareWeb PP Medication module View health information (including Report barrierstomedica:  Passive
2016 aone measurements, medication) tion adherence
Graetz et al [48], “Kaiser Perma- PP PP View health information (including Messaging, schedule ap-  Active
2018 and Graetzet  nente portal” |aboratory results) pointments, request pre-
al [49], 2020 scription refills, pay bills
Grant et d [50], Not reported PP PP View hedth information (including Edit medication lists, Active
2008 medication, laboratory results) messaging, report adher-
ence barriers or adverse
effects
Lauetal [121],2014 BCDiabetes PP PP View health information (including Messaging, useajournal  Passive
laboratory results), view care plan,
read educational material
Lyleset a [52], “Kaiser Perma- PP Medication module View healthinformation (including Messaging, schedule ap- Active
2016 nente portal” aone medical history, laboratory results, pointments, request pre-
and visit summaries) scription refills
Martinez et a [53], My Diabetes PP Diabetes module View health information (including Messaging, peer support, Active
2021 Care, part of |aboratory resultsand vaccinations),  decision support tools
My Health at visualize information, read educa-
Vanderbilt tional material
McCarrier etal [54], LivingwithDia PP PP+case manager View hedth information (including Upload blood glucose Active
2009 betes Interven- correspondence, action plans, and  readings, use ajournal
tion laboratory results), read diabetes-
related information
Osborn et a [55], My HedlthAt PP PP View headlth information (including Messaging, manage ap-  Passive
2013 Vanderbilt vital signs, laboratory results, and  pointments, use health
medication), read educational infor-  screening tools, pay bills
mation
Price-Haywood and MyOchsner PP PP View hedth information (including Messaging, request pre-  Passive
Luo [56], 2017 and an after-visit summary, alergies, scription refills, schedule
Price-Haywood et a and laboratory results) appointments
[57], 2018
Quinn et al [58], Not reported PP PP View self-reported health informa-  Messaging, report self-  Active
2018 tion (including medication and measurements and medi-
measurements), read educational cation changes, receive
material automated feedback
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Author, year Name Type What is evaluated?®  Passive features Active features Focus®
Reed et a [59], 2015 “Kaiser Perma- PP Messaging alone View hedth information (including Messaging, request pre-  Active

nente portal” laboratory results and correspon- scription refills, schedule
dence) appointments
Reedetal [60],2019 “Kaiser Perma- PP PP View hedthinformationfromprima- Messaging, request pre-  Passive
(1) and Reed et & nente portal” ry care and secondary care (includ-  scription refills, schedule
[61], 2019 ing laboratory results and visit visits
summaries)
Riippaet al [62], Not reported PP PP View health information (including Messaging Passive
2014 and Riippa et diagnoses, |aboratory results, vacci-
a [63], 2015 nations, and medication), view care
plan, read educational material
Robinson et al [64], My HealtheVet PP Messaging alone View healthinformation (including Messaging, request pre-  Passive
2020 medication and correspondence),  scription refills, receive
view appointments reminders, upload notes
and measurements, use a
journal
Rondaet al [65], Digitaal log- PP PP View diabetes-specific hedthinfor- Messaging, upload self-  Passive
2014 and Rondaet  boek mation (including laboratory results, measurements
a [66], 2015 diagnoses, and medication), view
treatment goals, view appointments
Saboeta [67],2021 Diabetes En- PP PP View hedth information (including Report diet, physical ac- Active
gagement and medication and self-reported glu-  tivity, blood glucose
Activation Plat- COSe measurements) measurements, complica
form tions, mental health and
goals, receive derts
Sarkar et a [68], “Kaiser Perma- PP PP View health information (including Messaging, request pre-  Passive
2014 nente portal” medica history, laboratory results, scription refills
and visit summaries), view appoint-
ments
Seoetd [69],2020 MyChatinMy Tethered PHR+sugar function View health information (including Edit information, sched- Active
Hand PHR |aboratory results, medication, aler-  ule appointment; sugar
gies, diagnoses) function: log treatment,
food intake, and exercise
Sharit et a [70], My HedltheVet PP Track Health mod-  View healthinformation (including Messaging, request pre-  Active
2018 uletwearable medication and correspondence),  scription refills, receive
view appointments reminders; track Health
module; record diet and
activity, upload datafrom
connected accelerometer
Shimadaet al [71], My HedtheVet PP Messaging, prescrip-  View health information (including Messaging, request pre-  Active
2016 tion refills medication and correspondence),  scription refills, receive
view appointments reminders, upload notes
and self-measurements,
use ajournal
Tenfordeet a [72], MyChart PP PP View hedth information (including Messaging, view glu- Passive
2012 diagnoses and laboratory results),  cometer readings, receive
read diabetes educational material  reminders
vanVugteta [73], eVita Tethered PHR+personal View health information (measure- Messaging, self-manage- Active
2016 PHR coach ments), read diabetes education ment support program for
personal goal setting and
evaluation
Voetal [74],2019 “Kaiser Perma PP PP+PreVisit Prioriti- View health information (including PreVisit Prioritization Active
nente portal” zation messaging medical history, laboratory results, messaging to report prior-

and visit summaries), view appoint-
ments

ities before aclinic visit,
request prescription re-

fills
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Author, year Name Type What is evaluated?®  Passive features Active features Focus®
Wald et a [75], Patient Gate- Tethered PHR View hedth information (including Suggest corrections, re-  Active
2009 way PHR medication, allergies, and laboratory  port care concerns, ask

Zocchi et a [76],
2021

My HedltheVet PP

results)

View hedlth information (including
medication, laboratory results,
imaging, and correspondence)

for referrals, create care
plans before visits

Messaging, requesting
prescription refills,
download healthinforma:
tion

Active

8A|| studiesarelisted oncein Tables 2-5 and are reported in the disease category of the condition that is most prominently investigated. We haveincluded
only the functionaities that the authors have reported in their articles. We have applied the taxonomy as presented in Textbox 1 on the information
provided by the authors. Therefore, our classification of patient-centered digital health records might not correspond with the term used by the authors.

Bin this col umn, we indicated whether authors evaluated the complete patient-centered digital health record, or only part of it.

By definition, patient-centered digital health records have both passive and active features. In this column, we indicate whether patient-centered digital
health records predominantly offer passive or active features. In passive features, patients receive information but do not actively add it. In terms of
active features, patients perform an action and actively engage with the portal.

dpp; patient portal.
®PHR: personal health record.
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Table7. Patient-centered digital health record descriptionsfor disease category cardiopulmonary diseases (of 21 studies investigating cardiopulmonary

diseases, 11 arelisted in Table 7).2

Author, year Name Type What is evaluated?®  Passive features Active features Focus®
Abergereta [78],  Good Hedlth ppd PP+BP® cuff View BP measurements, view Communicateself-report-  Active
2014 Gateway treatment goals ed adherence, receive au-
tomated and tailored
feedback
Ahmed et a [79], My Asthma PP PP View hedth information (including Monitor and receive Passive
2016 Portal medi cation and diagnoses), read feedback on self-manage-
genera and tailored asthmainforma-  ment practices
tion
Apter et a [80], MyChart PP PP View hedth information (including Messaging, request pre-  Passive
2019 laboratory results, vaccinations, and  scription refills, schedule
medication), view appointments appointments
Fikset a [81], 2015 MyAsthma PP PP View care plan, read educational Report symptoms, treat-  Active
and Fiks et a [82], material ment adherence, con-
2016 cerns and side effects
Kimetal [84],2019 MyHedthKeep- Tethered PHR+activity track- View previously uploaded self-re-  Upload self-reported deta  Active
er PHR' er ported data (eg, diet, sleep, weight,
BP, step count), connect
with wearables, receive
feedback from health
care providers
Kogut et al [83], ER-Card Unteth-  PHR+homevisitsby View patient-reported medication ~ Pharmacistsview andre- Active
2014 ered PHR pharmacists list view patient-reported
medication lists, and dis-
cuss potential concerns
in home visits
Laueta [85], 2015 Healthy.me Unteth-  PP+extrafeature View AsthmaAction Plan, read ed-  Schedule appointments,  Passive
ered PHR ucational content peer support, self-report
medication, useajournal
Manard et a [86], Not reported PP PP+BP cuff View hedth information (including Messaging, request pre-  Passive
2016 laboratory results, vital signs, and  scription refills, upload
diagnoses) measurements from con-
nected BP cuff
Toscos et a [87], MyChart PP PP+smart pill bottle View health information (including Messaging, request pre-  Active
2020 laboratory results, vaccinations, and  scription refills, schedule
medication), view appointments appointments Smart Rill
Bottle: adevice that
sends notifications when
auser opens or failsto
openthelid, based onthe
dose schedule
Wagner et a, 2012 MyHedthLink Tethered PHR View hedth information (including Messaging, goal setting, Active
[88] PHR diagnoses, medication, and aller-  upload self-measure-

gies), read educational materia

ments (including BP)

Al studiesarelisted oncein Tables 2-5 and are reported in the disease category of the condition that ismost prominently investigated. We haveincluded
only the functionalities that the authors have reported in their articles. We have applied the taxonomy as presented in Textbox 1 on the information
provided by the authors. Therefore, our classification of patient-centered digital health records might not correspond with the term used by the authors.

b1 this col umn, we indicated whether authors evaluated the complete patient-centered digital health record, or only part of it.

By definition, patient-centered digital health records have both passive and active features. In this column, we indicate whether patient-centered digital
health records predominantly offer passive or active features. In passive features, patients receive information but do not actively add it. In terms of
active features, patients perform an action and actively engage with the portal.

dpp; patient portal.
®BP: blood pressure.
PHR: personal health record.
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Table 8. Patient-centered digital health record descriptions for disease category hematological and oncological diseases (n=14).2

Author, year Name Type What is evaluated?  Passive features Active features Focus®
Cahill et al [90], MyMDAnder- Tethered PHR View health information (including Messaging, request pre-  Passive
2014 son PHRY correspondence, operative reports,  scriptionrefills, schedule
laboratory results, and imaging), appointments
read education material
Chicheet al [91], Sanoia Pp° PP+ITP features View health information (including Messaging Passive
2012 alergies, vaccinations, medication,
and test results), I TP-specific educa
tional material, read emergency
protocols
Collinset a [92], Advoy PP PP View hedth information (treatment  Registration of symptoms  Active
2003 regimen), read educational material  and medication use, auto-
mated alerts are sent to
professionals
Coquet et a [93], MyHealth por- PP Email use View hedth information (including Messaging, schedule ap- Active
2020 tal laboratory results) pointments, request pre-
scription refills, pay bills
Groen et al [94], MyAVL PP PP View health information (including Upload patient-reported ~ Active
2017 laboratory results, lung function, outcomes, receive tai-
and correspondence), view appoint- lored physical activity
ments, read personalized informa-  advice
tion
Hall et al [95], 2014 MyFoxChase PP Genetic screening  View health information (including Messaging, receivealerts Passive
laboratory results), view appoint-  if genetic screening re-
ments, read educational material sults are available
Hong et al [96], MyChart PP PP View headlth information (including Messaging, schedule ap- Passive
2016 laboratory results, medication, aler-  pointments, request pre-
gies) scription refills, use a
journa
Kidwell et a [97], MyChart PP PP View health information (including Messaging Passive
2019 laboratory results, medication, diag-
noses, and allergies), view appoint-
ments, read information about sickle
cell disease
Martinez Nicolaset  Not reported PP PP View hedth information (including Messaging, teleconsult-  Active
al [89], 2019 laboratory results, imaging, and ing, schedule appoint-
medication) ments, upload glucose
measurements
O'Heaet a [99], PolarisOncolo- PP PP View hedthinformation (including Request areferral Passive
2021 gy Survivorship diagnoses, operative reports, and
Transition medication), view appointments,
read educational material
Pai etal [99], 2013 PROVIDER Tethered PHR View hedth information (including Messaging, use decision Passive
PHR |aboratory results, medication, support tools, fill in
pathology, imaging, and correspon-  questionnaires
dence), read educationa material
Tarver et a [100], OpenMRS Tethered PHR+extrafeature  View health information (including Messaging, peer support Passive
2019 PHR treatment history, diagnoses, and
care plan), view atreatment summa-
ry, read educational material
Wiljer et a [101], InfowWell Tethered PHR View hedth information (including Patientscanorganizeand Passive
2010 PHR medication, laboratory results, upload care information
imaging, and pathology), view ap-
pointments
Williamson et a SurvivorLink Unteth- PHR Read educational material Upload health documents  Active
[102], 2017 ered PHR and share these with pro-
fessionals

Al studiesarelisted oncein Tables 2-5 and are reported in the disease category of the condition that is most prominently investigated. We haveincluded
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only the functiondlities that the authors have reported in their articles. We have applied the taxonomy as presented in Textbox 1 on the information
provided by the authors. Therefore, our classification of patient-centered digital health records might not correspond with the term used by the authors.

b1 this col umn, we indicated whether authors evaluated the complete patient-centered digital health record, or only part of it.

By definition, patient-centered digital health records have both passive and active features. In this column, we indicate whether patient-centered digital
health records predominantly offer passive or active features. In passive features, patients receive information but do not actively add it. In terms of
active features, patients perform an action and actively engage with the portal.

4PHR: personal health record.
€pp; patient portal.
TP idi opathic thrombocytopenic purpura.
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Table 9. Patient-centered digital health record descriptions for disease category other diseases (of 21 studies investigating other diseases, 20 are listed

[117], 2012

|aboratory results, and imaging),
read educational material

in Table 9).2
Author, year Name Type What is evaluated?®  Passive features Active features Focus®
Anandetal [103], Adam'sLove  ppd PP View health information (HIV test  Schedule HIV test ap- Active
2017 results), receive appointment re- pointments, use e-coun-
minders seling, receive appoint-
ment reminders
Bidmeadeta [104], PatientsKnow Tethered PHR View hedth information (including Communication with Active
2016 Best PHRE medication, |aboratory results, and  health care providers,
correspondence), read educational  upload and share health
material information
Crouch et a [105], My HedtheVet PP PP View hedth information (including Messaging, request pre-  Passive
2015 laboratory results and correspon-  scription refills
dence)
Druss et a [106], My- PP PP+training View headlth information (including Promptsremind patients Passive
2014 HealthRecord diagnoses, measurements, laborato-  of routine preventive ser-
ry results, medication, and aller- vice
gies), view treatment goals
Drusset a [77], Not reported PP PP+training View health information (including Formulate long-term Active
2020 medication, alergies, measure- goals, that are trandlated
ments, and laboratory results) into action plans with
progress tracking
Jhamb et a [107], Not reported PP PP View hedlth information (including Messaging, schedule ap- Passive
2015 diagnoses, alergies, immunizations, pointments, request pre-
and laboratory results) scription refills
Kahn et a [108], MyHERO PP PP View hedlth information (including Upload notes and self- Passive
2010 diagnoses, medication, laboratory ~ measurements
results, and allergies), view appoint-
ments, read information on interpret-
ing test results
KeithMclnnesetal My HealtheVet PP PP View hedlth information (including Messaging, request pre-  Passive
[109], 2013 and Kei- medication and correspondence),  scription refills, receive
th Mclnnes et a view appointments reminders, upload notes
[110], 2017 and self-measurements,
use ajournal
Kiberdet al [111], RelayHedth PP PP View hedth information (including Messaging Active
2018 test results and medication)
Leeeta [112],2017 CoPHR PP PP View hedth information (including Manageand edit appoint- Passive
diagnoses, laboratory results, medi- mentsand healthinforma:
cation, alergies, vital signs, and tion
correspondence), view appoint-
ments, view treatment plan, read
educational information
Miller et a [113], Mellen Center  Unteth- PHR Review previously entered symp-  Messaging, report symp-  Active
2011 Care Online ered PHR toms and HRQoL | toms and HRQoL and
evauate changes, prepa-
ration for appointments
Navaneethan et al MyChart PP PP+part of usersre-  View health information (including Messaging, schedule ap- Passive
[114], 2017 ceived training medication and laboratory results), pointments, request pre-
read educational material scription refills
Plimpton[115] 2020 Not reported PP PP View health information Messaging Passive
Reich et a [116], MyChart PP PP View hedth information (including Messaging Passive
2019 laboratory results, diagnoses, medi-
cation, and vital signs)
Scott Nielseneta  PetientSitel0 PP PP View health information (including Messaging, schedule ap-  Active

pointments, request pre-
scription refills, upload
self-measurements, pay
bills
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Author, year Name Type What is evaluated?®  Passive features Active features Focus®
Son and Nahm MyChart PP PP+training View hedth information (including Messaging, schedule ap- Passive
[118], 2019 medication and laboratory results), pointments, request pre-

read educational material scription refills
Tomet a [119], My- PP PP View heath information (including Messaging, schedule ap- Passive
2012 GroupHealth diagnoses, medication, and test re-  pointments

sults), read after-visit summaries,

proxy access
vanden Heuvel eta  “PHR-BD” Tethered Tethered View heath information (including Messaging, report symp- Active
[120], 2018 PHR PHR+mood chart diagnoses, laboratory results, medi- tomsin amood chart,

cation, and correspondence), read  view personal crisis plan
educational material

van der Vaart et al Not reported PP PP View health information (including Report and monitor Active
[121], 2014 diagnoses, medication, and laborato- HRQoL outcomes
ry results), read educationa material

8A|| studiesarelisted oncein Tables 2-5 and are reported in the disease category of the condition that is most prominently investigated. We haveincluded
only the functionaities that the authors have reported in their articles. We have applied the taxonomy as presented in Textbox 1 on the information
provided by the authors. Therefore, our classification of patient-centered digital health records might not correspond with the term used by the authors.
Bin this col umn, we indicated whether authors evaluated the complete patient-centered digital health record, or only part of it.

By definition, patient-centered digital health records have both passive and active features. In this column, we indicate whether patient-centered digital
health records predominantly offer passive or active features. In passive features, patients receive information but do not actively add it. In terms of
active features, patients perform an action and actively engage with the portal.

dpp; patient portal.

®PHR: personal health record.

"HRQoL: health-related quality of life.

Outcomes Appendices 3 and 4. For high-quality studies, proportions are
u presented in Multimedia Appendix 3. An overview of study
An overview of reported associations for each health outcome  conclusions and associated outcomes is presented in Tables

is shown in Figure 2. The proportions of beneficial effects  10-13. Studies were grouped according to disease group.
reported per health outcome are presented in Multimedia

Figure 2. Health outcomes associated with patient-centered digital health record use. Associations refer to meaningful clinical effects or statistical
significance. If studiesreport multiple health outcomewithin 1 category, each health outcomeisincluded separately. * The proportion of health outcomes
for which beneficial effects were reported. ED: emergency department.

Number of reported outcomes Propor-
0 5 10 15 20 25 30 fton*

Clinical outcomes

Disease event and complications (e.g. asthma exacerbation) m— 33%

Vital parameter (e.g. blood pressure, BMI)  — 38%

Laboratory parameter (e.g. HbAlc, cholesterol) m——  ———— 48%
Self-reported outcomes

Self-management and self-efficacy ~— 53%

Engagement (activation, involvement, knowledge) m—— 46%

Health-related quality of life 27%

Treatment adherence (e.g. HIV medication) IE— 56%

Health care utilization

Increase in recommended care services (e.g. preventive care) IE—— 42%
Reductions in ED visits and hospitalizations — m— 77%
Decrease in regular workload m 50%
Technology-related outcomes
Patient satisfaction with use I 100%
Patient satisfaction with effects - 75%
Feasibility (e.g. user compliance, user retention rate) I 79%
Acceptability (e.g. ease of use, usability) T 88%
M Beneficial association Neutral or clinically non-relevant association ~ M Undesired association
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Table 10. Conclusions and health outcomes: all studies investigating diabetes (n=37), of which 8 (22%) are of high methodological quality.?

Author, Participants Comparison Main conclusion Study Clini-
year design ca

Patient Careuti- Tech- Quali-
reported lization nology tyb

Boogerdet  Parentsof children ppd ygergyer-  Patient portal useisnot associated with - oge @) _f Q Q
al [42], withDMCtypel susPPnonusers |essparental stress. The more stress,
2017 the more parents use the portal.
Laueta Patientswith DM Pretest PP Petient portal useisassociated with Cohort O — O
[51], 2014 nonuseversus  improved glycemic control.
posttest PP use
Lyleseta Adultswith DM Prescriptionre-  Requesting prescription refillsisasso- Cohort — — O
[52],2016 type2using fill useversus  ciated withimproved statin adherence.
statins, registered  no refill use
for PP
McCarrier  Adultsaged <50  Nurse-aided PP Patient portal useresultsinimproved  RcT9 o O O
etal [54], yearswithuncon- usersversusPP self-efficacy, but not inimproved
2009 trolled DM typel nonusers glycemic control.
PriceeHay- Adultswith DM PP usersversus Patient portal useisassociated with Cohort O — O
woodand (o HTM) PP nonusers more primary carevisits and telephone
Luo [56], encounters, but not with less hospital-
2017 izations or ED' visits.
Sarkaretal AdultswithDM,  Recurrent pre-  Recurrent use of prescription refillsis  Cohort O — O
[68],2014 registered for PP scription refill  associated with improvementsin adher-
useversusocca ence and lipid control.
sional refill use
versus no refill
use
Shimadaet Veteranswithun- Messagingand Messaging or requesting prescription  Cohort O — O
a [71], controlled DM, prescription re-  refillsis associated with improved
2016 registered for PP fillsusersver-  glycemic control.
sus PP users
who use neither
vanVugtet PatientswithDM  PHR+personad PHR usedoesnot resultinimproved  RCT O O O
a [73], type 2, registered  coach versus glycemic control, self-care, distress,
2016 for PHRI PHR usealone  nor well-being, regardless of personal
coaching.
Dixoneta Adultswith DM Pretest PP Patient portal use is associated with QE O — O
[47],2016 type?2 nonusersversus improved adherence, but not with
posttest PP changesin clinical outcomes nor care
users utilization.
Drusseta Patientswith a PP usersversus Patient portal use does not result in RCT O — o
[77],2020 mental disor- PP nonusers clinically relevant improvementsin
der+DM, HT or perceived quality of care, patient acti-
HCK vation nor HRQoL'.
Graetzeta Adultswith DM PP usersversus Patient portal use is associated with Cross O — O
[49],2020 withatleast 1 oral PP nonusers small, likely irrelevant improvements
drug in glycemic control and medication
adherence.
Granteta Adultswith DM Tethered PPuse  Using atethered patient portal results RCT O — O
[50], 2008 using medication  versusunteth-  inincreased patient participation, but
ered PP use not improved glycemic control.
Reedeta  Adultswith PP usersversus Patient portal useisassociated with Cross O — O
[60],2019 DM+HT, asthma, PP nonusers more outpatient office visits, and with
CAD™, or CHF" reduced ED visits and preventable
hospitalizations.
Riippaeta AdultswithDM, PP usersversus Patient portal use does not resultin RCT — — O
[62],2014 HT, or HC PP nonusers clinicaly relevant improvementsin

patient activation, except among adults
with low baseline activation.
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Author, Participants Comparison Main conclusion Study Clini- Patient Careuti- Tech- Quali-
year design ca reported lization nology tyb
Riippaeta AdultswithDM, PPusersversus Patient portal use does not resultin RCT — O O O O
[63],2015 HT, or HC PP nonusers clinicaly relevant improvement in pa-
tient activation nor HRQoL.
Robinsonet  Veteranswithun-  Responderson  Responding on messagesisassociated Cross — O — — O
a [64], controlled DM team-initiated  with improved self-management and
2020 type 2, registered  messagesver-  self-efficacy.
for PP SUS nonrespon-
ders
Rondaeta Adultswith DM Recurrent PP Recurrent patient portal useisassociat- Cross — O — O O
[65], 2014 users versus PP ed with better self-efficacy and knowl-
nonusers edge.
Rondaeta AdultswithDM,  Persistent users Recurrent users believe the patient Cross — O — O O
[66], 2015 registered for PP versusearly portal increases disease knowledge, and
quitters they find it useful.
Saboeta  Adultswith DM PP usersversus Patient portal use has minor, clinically RCT O — — — O
[67],2021 type?2, registered PP nonusers irrelevant effects on BMI, and no ef-
for PP fects on glycemic control nor blood
pressure.
Seoetd Patients with DM,  Continuous Continuous use of atethered PHRis  Cohort O — — — O
[69], 2020 registered for PHR users versus associated with dlightly improved
noncontinuous  glycemic control. Clinical implications
users are doubtful.
Sharitetal Overweight veter-  Pretest PP Using an accel erometer-connected pa=  QE O O — O O
[70],2018 answith predia- nonuse versus tient portal isassociated with improve-
betes posttest PPuse  mentsin physical activity and blood
pressure.
Tenfordeet Adultsaged<75  PPusersversus Patient portal useis associated with Cohort O — O — O
a [72], yearswith DM PP nonusers dightly improved diabetescontrol, lipid
2012 profile, and blood pressure. Clinical
implications are doubtful.
Voeta Adultsaged <80  Previsit mes- Sending previsit prioritization messages  RCT O O — — O
[74],2019 yearswith DM sage use versus  does not result in improved glycemic
type 2, registered  noprevisitmes- control, but does result in improved
for PP sage use perceived shared-decision-making.
Zocchiet  PatientswithDM PP users Among existing patient portal users Cohort O — — — O
al [76], type 2, registered with uncontrolled DM or high LDL®,
2021 for PP increased use is associated with im-
proved control.
Baleyeta AdultswithDM,  PPusers Patients are satisfied with the patient  QE — — — O .
[41],2019 on high-risk medi- portal.
cation
Byczkows- Parentsof children PP users Patients consider the patient portal to  Cross — O — O .
ki et a with DM (or CFP be useful in managing and understand
[43], 2014 q their child’s disease.
or JA™
Chungeta AdultswithDM, Messageusers Using secure messaging isassociated  Cohort O O O — .
[44],2017 registeredfor PP versusmessage with better glycemic control.
nonusers
Conway et Patientswith DM, PP users Patients believe the tethered diabetes  Cross — O — O .
a [45], registered for PP PHR might improvetheir diabetes self-
2019 care.
Devkotaet PatientswithDM PP userswho Reading and writing emailsisassociat- Cohort O O — — .
al [46], type 2 read and write  ed with improved glycemic control.
2016 emails versus
PP nonusers
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Author, Participants Comparison Main conclusion Study Clini- Patient Careuti- Tech- Quali-
year design cd reported lization nology tyb
Graetzeta Adultswith DM PP usersversus Patient portal use is associated with Cross — O O — .
[48], 2018 PP nonusers improved adherence to medi cation and
preventive care utilization.
Martinezet Adultswith DM Pretest PP Patient portal useresultsinclinicaly QE — O — o .
a [53], type 2 using medi- nonuseversus  not relevant improvements in patient
2021 cation, registered  posttest PPuse  activation and self-efficacy. Thisisre-
for PP |ated to the very short follow-up period
of the study.
Osbornet  Adultswith DM PP usersversus Patient portal useisnot associated with  Cross O — — — .
a [55], type 2 using medi- PP nonusers improved glycemic control, as com-
2013 cation pared with nonusers. However, among
users, more frequent use is associated
with improved glycemic control.
Price-Hay- Adultswith DM PP usersversus Messaging isassociated withimproved Cohort O — — — .
woodeta (or HT) PP nonusers glycemic control.
[57], 2018
Quinnetal Adultsaged<65  PP+extramod- Messaging is associated with better RCT O .
[58], 2018 yearswith DM uleusersversus glycemic control. Note: glycemic pa-
type 2 PP users rameters were predicted and not repre-
sent measurements.
Reedeta  AdultswithDM, PPusers One-third of patientsreport that messag- Cross — O O — .
[59],2015 HT, asthma, CAD, ing in apatient portal resultsin less
or CHF, registered health care visits and improved overall
for PP health.
Reedeta  AdultswithDM, PPusersversus One-third of patientsreport that using Cross — O — O .
[61],2019 asthma, HT, CAD, PP nonusers the patient portal improves overall
CHF, or CV" event health.
risk
Waldeta PatientswithDM  PHRuserswho Userswho createaprevisitcareplan RCT — — O — O .
[75], 2009 type2 created aprevis- feel better prepared for visits.
it plan

3studies are listed multiple times in Tables 10-13. Per disease category, the relevant subconclusion and health outcomes are described. Associations
with health outcomes are color-coded as green for beneficial, yellow for neutral or clinically nonrelevant, or red for undesired. The half green and half
yellow symbol impliesthat one study investigated multiple outcomesin one category and reported beneficial associationsfor some outcomes and neutral
associations for others.

bQuality appraisal—green: high quality; yellow: medium quality; red: low quality.
°DM: diabetes mellitus.
dpp; patient portal.
€QE: quasi-experimental, including pretest-posttest studies and feasibility studies.
The study did not assess any health outcomein a certain category.

9RCT: randomized controlled trial.

T hypertension.

iED: emergency department.
IPHR: personal health record.
Khc: hypercholesteremia.
'HRQoL : health-related quality of life.
MCAD: coronary artery disease.
"CHF: congestive heart failure.
%L DL: low-density lipoprotein.
PCF: cystic fibrosis.

%A juvenile idiopathic arthritis.

'CV: cardiovascular.
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Table 11. Conclusions and health outcomes: studies investigating cardiopulmonary diseases (n=21), of which 6 (29%) are of high methodological

Brands et al

quality.2
Author, Participants Comparison Conclusion Study Clini- Patient Careuti- Tech- Quali-
year design ca reported lization nology tyb
Ahmedet  Adultswithasthma ppteersversus  Patient portal use does not result in - yore @) O @) Q Q
afr9],  usingmedication  ppnonusers durable improvementsin HRQoL®
2016 nor asthma control.
Fiks et a Childrenaged6-12 PP usersversusPP Patient portal use resultsinim- RCT o O O O O
[81],2015 yearswith asthma nonusers proved asthma control.
Lauetal Adultswithasthma pyRf ysersversus PHR usedoesnot increasetheuse  RCT O O O _9 O
[85], 2015 PHR nonusers of asthmaaction plans, and does not
affect asthma control, health care
utilization nor work or school partic-
ipation.
Manard et Adultswithuncon- PPusersversusPP Using a patient portal linked witha Cohort o — — — O
a [86], trolled HT" nonusers blood pressure cuff isnot associated
2016 with improved blood pressure con-
trol.
Price-Hay- AdultswithHT (or PPusersversusPP Patient portal useisassociated with  Cohort o — o — O
woodand  pp i) nonusers more primary care visits and tele-
Luo [56], phone encounters, but not hospital-
2017 izations or ED/ visits. Effectson
blood pressure control are not clini-
caly relevant.
Shimadaet Veteranswithun-  Usersof both mes- Messaging or requesting prescrip-  Cohort o — — — O
a [71], controlled HCK or  Sagingand prescrip-  tion refills are both associated with
2016 HT, registered for  tionrefillsversus  improved lipid control. Requesting
PP nonusers prescription refillsisassociated with
improved blood pressure control.
Apteretal  Adultswithasthma PP usettraining Patient portal useresultsinminor ~ RCT O O O — O
[80], 2019 using prednisone  versus PP usetas-  improvementsin asthmacontrol and
sistanceviahome HRQoL. Conducting home visits
visits results in more improvementsin
these outcomes.
Drusseta Patientswitha PPusersversusPP  Patient portal use does not resultin  RCT O O O — O
[77],2020 mental disor- nonusers clinically relevant improvementsin
der+DM', HT), or perceived quality of care, patient
K activation, nor HRQoL .
HC
Fikset a Childrenaged6-12 PP usersversusPP Patient portal useis associated with QE' — O O . O
[82],2016 yearswith asthma nonusers improved treatment adherence.
Among patients with uncontrolled
asthma, its useis associated with
more care visits. Adoption is low.
Martinez  Patients with Pretest PP nonuse  Patient portal useisassociated with QE o — O — O
Nicolaset copp™ or cHE" Versus posttest PP less hospitalizations, readmissions,
al [89], use and ED visits among patients with
2019 CHF and COPD.
Reedeta  Adultswith PP usersversusPP  Patient portal useisassociated with  Cross o — O — O
[60],2019 DM+HT, asthma, nonusers more outpatient office visits, and
CAD™, or CHF" with reduced ED visits and pre-
ventable hospitalizations.
Riippaeta AdultswithDM, PPusersversusPP Patient portal use doesnot resultin  RCT ~— — O — — O
[62],2014 HT, or HC nonusers clinically relevant improvementsin
patient activation, except for pa-
tients with low baseline activation.
Riippaeta AdultswithDM,  Patient portal ver-  Patient portal use doesnot resultin  RCT ~— — O — O O
[63],2015 HT, or HC sus usual care clinically relevant improvement in

patient activation nor HRQoL .
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Author, Participants Comparison Conclusion Study Clini- Patient Careuti- Tech- Quali-
year design cd reported lization nology tyb
Toscoset  Patientswithnon- PP usersversusPP  Using a patient portal connectedto  RCT — — O — — O
al [87], valvular AF® with  nonusers aSmart Pill Bottle does not result
2020 an oral anticoagu- inimproved drug adherence.

lant drug
Wagner et PatientswithHT ~ PHRusersversus  Using atethered PHR doesnotre-  RCT o O O O O
al [88], PHR nonusers sultin clinically relevant improve-
2012 mentsin blood pressure control, pa-
tient activation nor health care uti-
lization. Adoption islow.
Aberger et Postrenal trans- PP users Using a patient portal-inked blood QE O — — — .
a [78], plant patients with pressure monitoring systemis asso-
2014 HT ciated with improved blood pressure
control.
Kimetal  Patientswithob-  PHR+activity Using atethered PHR resultsin RCT O — — O .
[84],2019 structivesleepap- tracker versusPHR more weight loss, regardless of its
nea alone versus connection to an activity tracker. No
nonusers sleep-related outcome improve-
ments are seen.
Kogutetal Adultsaged>49  PHRusersversus Pharmacistsreviewing patient-ree  QE o — — — .
[83], 2014 yearswith car- PHR nonusers ported medication listsin aPHR
diopulmonary dis- might identify more medication-re-
orders lated problems.
Price-Hay- AdultswithHT or PP usersversusPP Messaging is not associated with Cohort o — — — .
woodetal DM nonusers improved blood pressure contral.
[57], 2018
Reedeta  AdultswithDM, PPusers One-third of patients report that Crosss — O O — .
[59],2015 HT, asthma, messaging in apatient portal results  sec-
CADP, or CHF, inless health care visits and im- tional
registered for PP proved overall health.
Reedeta  AdultswithDM, PPusersversusPP A third of patientsreportsthat using Crosss — O — O .
[61],2019 asthma, HT, CAD, nonusers the patient portal improves overall — sec-
health. tional

CHF, or CVY9event
risk

8studies are listed multiple times in Tables 10-13. Per disease category, the relevant subconclusion and health outcomes are described.
BFor color codi ng of quality appraisal and health outcomes, see Table 10.

°PP: patient portal.

9HRQoL : health-related quality of life.

®RCT: randomized controlled trial.

PHR: personal health record.

9The study did not assess any health outcome in a certain category.

PHT: hypertension.

'DM: diabetes mellitus.
IED: emergency department.
Khe: hypercholesteremia.

IQE: quasi-experimental, including pilot or feasibility studies.

MCOPD: chronic obstructive pulmonary disease.

NCHF: Congestive heart failure.
OAF: atrial fibrillation.

PCAD: coronary artery disease.
9cV: cardiovascular.

https://www.jmir.org/2022/12/e43086

RenderX

JMed Internet Res 2022 | vol. 24 | iss. 12 | e43086 | p. 25

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Brands et al

Table 12. Conclusionsand health outcomes: studiesinvestigating hematol ogical and oncological diseases (n=14), of which 2 are of high methodol ogical

quality (14%).2

Author, Participants Comparison Conclusion Study Clini- Patient Careuti- Tech- Quali-
year design cd reported lization nology tyb
Cahilleta Adultswithabrain  pyRC ysersversus  USing atethered PHR isassociated  Cross — Q _d — Q
[90], 2014  tumor PHR nonusers withimprovementsin patient uncer-  sec-
tainty. tional
Coquet et Patientswith can- Email usersversus Sending emailsis associated with  Cohort o — O — O
al [93], cer+chemotherapy, email nonusers improved 2-year survival, less
2020 registered for PP° missed appointments, and |ess hos-
pitalizations.
Chicheet  aAquitswith ITP®  PPusersversusPP  Peatient portal use doesnot resultin - gcth  — O — Q @)
al [91], nonusers improved HRQoLY. The portal is
2012 acceptable and feasible.
Groeneta Patientswithlung PP users Patient portal use does not affect QEi — O — O O
[94], 2017 cancer HRQoL nor patient engagement. It
is feasible and acceptable.
Hall et a Patientswith can- PP users Disclosing results of genetic cancer QE — O — O o
[95], 2014  cer resection screening in a patient portal might
be feasible and acceptable, and is
not associated with more anxiety.
Yet, few abnormal results were ob-
served.
Kidwell et Patientsaged 13- PP users Patient portal useisnot associated QE — O — O O
a [97], 24 yearswith sick- with improved medical decision-
2019 le cell disease making by patients. It is acceptable
and easy to use.
Martinez  Patients with Pretest PP nonuse  Patient portal useisnot associated QE o — O — O
Nicolaset hematologicmalig- versus posttest PP with less hospitalizations, readmis-
a [89], nancy use sions, nor ED! department visits.
2019
Williamson  Pediiatric cancer PHR usersversus  Patient portal useisnot associated Cohort — — O O O
etal [102], survivors PHR registrants with less missed appointments.
2017
Collinset  Patientswith Users An electronic treatment log iscon-  QE — — — O .
a [92], hemophilia>11 sidered feasible and easy to use.
2003 years
Hongeta Childrenaged 13- PP users A small cohort considersapatient  Crosss — O — O .
[96],2016 17 yearswith can- portal to be feasible and useful. sec-
cer or ablood disor- tional
der+parents
O'Heaetal Womenwithbreast PPusersversusPP Peatient portal use doesnot resultin  RCT =~ — O — — .
[98],2021 cancer nonusers improved HRQoL nor disease
knowledge.
Pai et Men with prostate  PHR users Patientsare satisfied with atethered Crosss — O — O .
[99], 2013  cancer PHR and find itincreases disease  sec-
knowledge. tional
Tarver etal Patientswith col-  Tethered PHR Petientsare satisfied withanintegrat-  Cohort — — — O .
[100],2019 orecta cancer users ed care plan and find it useful.
Wiljer et d Patientswithbreast Pretest PHR PHR useis not associated withim- QE — O — O .
[101],2010 cancer NONUSEr'S Versus proved self-efficacy, nor with a
posttest PHR users  clinically relevant decrease in anxi-

ety. Satisfaction is high.

85tudies are listed multiple times in Tables 10-13. Per disease category, the relevant subconclusion and health outcomes are described.
BFor color codi ng of quality appraisal# and health outcomes, see Table 10.

°PHR: personal health record.

The study did not assess any health outcome in a certain category.

€pp: patient portal.
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TP idi opathic thrombocytopenic purpura.

9HRQoL : health-related quality of life.

PRCT: randomized controlled trial.

iQE: quasi-experimental, including pilot or feasibility studies.
IED: emergency department.
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Table 13. Conclusions and health outcomes: studies investigating other diseases (n=21), of which 2 (10%) are of high methodological quality.?

Author, Participants Comparison Conclusion Study Clini- Patient Careuti- Tech- Quali-
year design ca reported lization  nology tyb
Milleretal Patientswithmulti- pHRC yseversus ~ Using anuntethered PHR resultsin - gete  — Q@ O _f Q
[113],2011 ple sclerosis PHR that only en-  dlightly improved HRQoLY, but not
ables messaging in improved self-efficacy, disease
control nor health care utilization.
Nava- Adultswithchron-  ppd jgerstcoach  Patient portal use, regardless of RCT @) — O — Q
neethanet ickidney disease  yerqus PP users added training, does not result in
al [114], versus PP nonusers  1mproved kidney function, nor al-
2017 tered health care utilization.
Anandetd psvPandtranss PP users The patient portal isfeasibleand ~ RCT ~ — — — Q @)
[203], 2017 gender women acceptable.
with HIV
Drusseta Patientswitha PPusersversusPP  Patient portal useresultsinin- RCT O O O — O
[106],2014 mental disor- nonusers creased use of preventive health
der+chronic condi- services and medical visits, but not
tion inimproved HRQoL .
Drusseta Patientswitha PPusersversusPP  Patient portal use does not resultin  RCT O O O — O
[77],2020 mental disor- nonusers clinically relevant improvementsin
der+DM', HT), or perceived quality of care, patient
K activation, nor HRQoL .
HC
Jhambetal Adultsvisiting PP usersversusPP  Patient portal use might beassociat- Cross- o — — O O
[107],2015 nephrology clinics nonusers ed with improved blood pressure  sec-
control, although itsclinical rele-  tiona
vanceis unclear.
Keith VeteranswithHIV PP usersversusPP  Patient portal useisassociated with  Crosss — O — O O
Mclnnes et nonusers improved adherenceto HIV medica-  sec-
a [109], tion. tiona
2013
Keith Veterans with Messaging or pre-  Requesting prescription refillsis Cohort o — — — O
Mclnneset HIV+detectablevi-  scription refill associated with improved HIV con-
a [110], ral load, registered users versus trol, but messaging is not.
2017 for PP nonusers
Kiberdet  Adult withhome  Pretest PP nonuse Patient portal useis not associated QE' — O — O O
a [111], dialysis versus posttest PP with improvementsin HRQoL nor
2018 use perceived quality of care. Both were
aready high at baseline.
Leeceta Patientswith cleft PP usersversusPP Using atailored, disease-specific  QE — O — O O
[112],2017 lipor cleft palate  tailored for lipor  patient portal is associated with in-
surgery cleft palatesurgery  creased disease knowledge.
Reicheta Patientswithin- PPusersversusPP Patient portal use doesnot resultin  RCT ~— — O O O O
[116],2019 flammatory bowel nonusers improved HRQoL, but resultsin a
disease higher vaccinetion rate. Patient sat-
isfaction is high.
Scott Petientswithmulti- PP usersversusPP Messaginginapatient portal isasso- Crosss — — O O O
Nielsenet plesclerosis nonusers ciated with moreclinic visits, but ~ sec-
al [117], not with less ED™ visits nor hospi-  tional
2012 talizations.
Tometa  Parentsof children PPusersversusPP Patient portal useisnot associated Crosss — O — O O
[119],2012 age <6 yearswith  nonusers with improved accessto care, nor  sec-
1 oremore chronic perceived quality of care. Itiscon- tional
condition(s) Sidered feasible.
van den Adultswithbipolar Pretest PHR PHR useisnot associated withim- Crosss — O — O O
Heuvel et disorder NONUSErs versus proved HRQoL, patient empower-  sec-
a [120], posttest PHR users  ment, symptom reduction, nor dis- tiona
2018 ease burden.
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Author, Participants Comparison Conclusion Study Clini- Patient Careuti- Tech- Quali-
year design ca reported lization nology tyb
van der Patients with Pretest PP Patient portal useisnot associated Crosss — O — O O
Vaartetal rheumatoid arthri-  nonusers versus with improved patient empower- Sec-
[121],2014 tis posttest PPusers ~ ment. It is considered useful and tiona

understandable.
Bidmeadet Patientswithin- PHR users PHR useis not associated withim-  Cross- O O O O .
a [104], flammatory bowel proved self-management. Sec-
2016 disease tional
Byczkows- Parentsof children PP users Patients consider the patient portal  Cross — O — O .
ki etal with CF° or JIAP tobe usef_ul in_ managi ng and under-
[43], 2014 (or pMm) stand their child's disease.
Crouchet  Veteranswith HIV PPusersversusPP Patient portal useisassociated with Crosss — O — O .
al [105], nonusers improved patient activation, disease  sec-
2015 knowledge, HIV load, but not with  tional

improved CD4-count nor treatment

adherence
Kahneta PatientswithHIV PP users Patients are satisfied with the patient  QE — O — O .
[108],2010 or aids portal and consider it to be helpful

in managing their problems.
Plimpton ~ Womenwith HIV ~ Pretest PP nonuse  Patient portal useisassociated with QE o — O — .
[115], 2020 versus posttest PP anincreasein planned visits, but not

use with a decrease in missed visits. A

trend toward improved viral load is

seen.
Sonetd Patientsaged >49 PP users Patients consider a patient portal to Cohort — O — O .
[118],2019 yearswith 1 or be helpful inincreasing self-manage-

morechronic condi- ment.
tion(s)

studies are listed multiple times in Tables 10-13. Per disease category, the relevant subconclusion and health outcomes are described.

bFor color codi ng of quality appraisal and health outcomes, see Table 10.
®PHR: personal health record.

9HRQoL: health-related quality of life.

®RCT: randomized controlled trial.

MThe study did not assess any health outcome in a certain category.
9PP: patient portal.

AMSM: men who have sex with men.

'DM: diabetes mellitus.

IHT: hypertension.

Khe: hypercholesteremia

IQE: quasi-experimental, including pilot or feasibility studies.
MED: emergency department.

OCF: cystic fibrosis.

PJIA: juvenile idiopathic arthritis.

Clinical Outcomes

In 44 studies investigating a total of 69 clinical outcomes, a
beneficial associationwith digital health record use was reported
for 42% (29/69) of the outcomes. Hospitalizations and
exacerbations were the most frequently studied disease events
and complications, with beneficial effects reported in half of
the studies (2/4 and 2/4, respectively). Blood pressure was the
most frequently studied vital parameter, with beneficial effects
reported in 36% (5/14) of the studies. HbA . and cholesterol
levels were the most frequently studied laboratory parameters,
with beneficial effects reported in 53% (10/19) and 57% (4/7)
of the studies, respectively. No clinical outcomes were

https://www.jmir.org/2022/12/e43086

unfavorably affected by patient-centered digital health record
use. In comparison with the total population, higher proportions
of beneficia effects were reported for diabetes mellitus and
cardiopulmonary diseases. When focusing on 14 high-quality
studies, beneficial effectswere observed lessfrequently, in only
30% (7/23) of the clinical outcomes.

Studies that assessed vital parameters generally reported few
other health outcomes. However, among the studiesthat assessed
disease events and complications, and laboratory parameters,
beneficial effectswere often associated with improved treatment
adherence [52,68,71,81]. We hypothesize that this might be
related to the removal of logistical barriers for patients in
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obtaining web-based prescription refills, as opposed to having
to call health care providers or send them an email. Of the 6
high-quality studies that investigated treatment adherence, 2
studies assessed patient-centered digital health records that
enabled patients to request prescription refills and found
beneficial effects on adherence [52,68].

Patient-Reported Outcomes

Overall, in 53 studiesinvestigating atotal of 86 patient-reported
outcomes, a beneficial association with digital health record
use was reported for 45% (39/86) of the outcomes. Of the 18
studies investigating 19 self-management or self-efficacy
outcomes, beneficial effects were reported in 53% (9/19). Of
these 9 studies, 56% (5/9) used validated questionnaires. For
patient engagement outcomes, large differences in the
proportions of beneficial effectswere observed: from 11% (1/9)
for patient activation, to 56% (5/9) for patient involvement, and
70% (7/10) for disease knowledge. However, only in measuring
patient activation, validated questionnaires were principally
used (8/9, 88% of studies). For HRQoL, beneficial effectswere
reported in 27% (4/15) of the studies, of which half used
vaidated HRQoL questionnaires. No patient-reported outcomes
were unfavorably affected by patient-centered digital health
record use. In comparison to the total population, higher
proportions of beneficial effects were reported for diabetes
mellitus, especialy for patient engagement and treatment
adherence. Lowest proportions were reported for
cardiopulmonary diseases, especialy for patient engagement.
When focusing on 10 high-quality studies, alower proportion
(7719, 37%) of beneficial effects was observed.

We observed that improvements in patient engagement were
especialy facilitated by strengthening patient-professional
communication; for example, through secure messaging
[71,81,93]. In addition, both self-efficacy and HRQoL primarily
seemed to be reinforced through the use of 2 functionalities:
patient-professional communication [54,90,113] and information
on disease progression [90,113].

Health Care Utilization

For 24 studies investigating atotal of 27 health care utilization
outcomes, a beneficial association with digital health record
use was observed for 59% (16/27) of the outcomes. The highest
proportion (10/13, 77%) of beneficial effects was reported for
an increased use of recommended care services. Of these 13
studies, 5 (38%) focused on recommended care services for
people with uncontrolled disease, 4 (31%) on the use of
preventive care services, and 4 (31%) on medical follow-up
rates. In 25% (3/12) of the studies that assessed reductions in
ED visits and hospitalizations, these were accompanied by an
increased use of other care services, including outpatient clinic
appointments and secure messaging. Compared with the total
population, highest proportions of beneficial effects were
reported for diabetes mellitus and hematol ogical and oncological
diseases. When focusing on 7 high-quality studies, lower
proportions (3/9, 33%) of beneficial effects were observed.

Technology-Related Outcomes

For 39 studies investigating a total of 75 technology-related
outcomes, a beneficial association with digital health record
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use was observed for 88% (66/75) of the outcomes. All (22/22,
100%) studies reported high patient satisfaction with accessing
and using digital health records. Furthermore, 75% (6/8) of the
studies reported high patient satisfaction with the effects of
using digital health records. High feasibility was reported by
79% (15/19) of the studies, and high acceptability by 88%
(23/26) of the studies. Highest feasibility was reported for digital
health records intended for people with hematological and
oncological diseases. Lowest feasibility and acceptability were
reported for digital health records intended for people with
cardiopulmonary diseases. When focusing on 6 high-quality
studies, proportions of studiesthat found beneficial effectswere
similar.

High Disease Burden or Self-management

A subgroup of 47 studiesthat investigated patients with a high
disease burden or high self-management was assessed. The
following conditions wereincluded: malignancies (11 studies),
asthma (9 studies), HIV infection and AIDS (6 studies),
hematologic conditions (5 studies), chronic kidney disease (3
studies), chronic heart failure (4 studies), mental disorders (3
studies), multiple sclerosis (2 studies), inflammatory bowel
disease (2 studies), rheumatologic conditions (2 studies),
insulin-dependent diabetes mellitus (2 studies), atrial fibrillation
(1 study), cystic fibrosis (1 study), and posttransplant patients
(1 study). In general, the digital health records assessed in this
subgroup were more often tail ored to specific patient popul ations
through the addition of specialized functionalities or connected
wearables.

In comparison with studies investigating patients with no high
disease burden, studiesinvestigating patientswith ahigh disease
burden reported considerably higher proportions of beneficial
effects for vital parameters, patient engagement, reductionsin
ED visits and hospitalizations, and for all technology-related
outcomes. Considerably lower proportions of beneficial effects
were reported for laboratory parameters, health-related quality
of life, treatment adherence, and increased use of recommended
care services. For the 9 high methodological quality studieson
high disease burden or self-management, the proportions of
studies that found beneficial effects were roughly similar.

Focus on Passive Versus Active Features

Of the 81 studies, 41 (51%) of the studied patient-centered
digital health recordsfocused on passive features and 40 (49%)
focused on active features. In comparison with digital health
records with an active focus, more beneficial effects were
observed among digital health records with a passive focus for
laboratory parameters (9/16, 56% vs 7/17, 41%),
self-management and self-efficacy (7/11, 64% vs 3/8, 38%),
patient engagement (9/15, 60% vs 4/13, 31%), and for an
increased use of recommended care services (5/6, 83% vs 5/7,
71%). Compared with digital health records with a passive
focus, more beneficial effects were observed among digital
health records with an active focus on disease events or
complications (4/10, 40% vs 1/5, 20%) and reductions in ED
visits and hospitalizations (4/6, 67% vs 1/6, 17%). However,
when focusing on high-quality studies, higher proportions of
beneficial effects were seen for digital health records with an
activefocuson dl clinical outcomes, patient-reported outcomes,
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reductionsin ED visitsand hospitalizations, patient satisfaction,
and acceptability.

Quality Appraisal

Of the 81 included studies, 27 (33%) studies were graded as
low quality, 38 (47%) as medium quality, and 16 (20%) as high
quality (Tables 10-13). Studies investigating cardiopulmonary
conditions were of the highest quality, with 29% (6/21) of the
studies graded as high quality. Of the 24 included RCTs, 7
(29%) were of high quality. Only 38% (9/24) of the RCTs
conceal ed allocation to treatment groups, and 67% (16/24) used
intention-to-treat analyses. Of the 57 studies with other designs,
9 (16%) were graded as high quality. Overall, 15% (12/81) of
studies reported power calculations.

Among the 65 studies that were graded as medium or low
quality, only 35% (23/65) used reliable or validated tools for
the measurement of all their outcomes and 48% (31/65) for part
of their outcomes. Of these 65 studies, 10 (15%) studies took
adequate measuresto limit selection biasand 17 (26%) studies
used a control group or randomized participants.

When focusing on the 16 high-quality studies, 3 functionalities
appeared to be the most effective: secure messaging to lower
barriers in patient-professional interaction, prescription refill
functions to improve medication adherence, and information
provision on disease progression. In addition, in 16 high-quality
studies, the proportions of beneficial effects were similar for a
subgroup of studies that included older participants (mean age
>55 years), which included a high number of femal e participants
(>45%), or included aracially diverse population (<50% White
participants), as compared with the total population.

Discussion

Principal Findings

In this systematic review, we evaluated evidence on the effects
of the use of patient-centered digital health records in
nonhospitalized patients with chronic health conditions on
clinical and patient-reported outcomes, health care utilization,
and technology-related outcomes. Beneficial effects were most
frequently reported for the use of recommended care services
(10/13, 77%) and for 4 patient-reported outcomes: disease
knowledge (7/10, 70%), patient involvement (5/9, 56%),
treatment adherence (10/18, 56%), and self-management and
self-efficacy (10/19, 53%). Regarding clinical outcomes,
beneficial effects were reported in 42% (29/69) of the studies.
Beneficial effects were least frequently reported for disease
eventsand complications (5/15, 33%) and health-related quality
of life (4/15, 27%). For digital health recordsthat predominantly
focused on active features, higher proportions of beneficial
effects on nearly all health outcomes were observed among the
high-quality studies.

In this study, we observed that patient-centered digital health
record use may be associated with an increased use of
recommended care services. Beneficial effectson ED visitsand
hospitalizations were mainly observed when accompanied by
anincreased rate of follow-up appointments or secure messaging
[60,89,93]. This might imply that reducing ED visits and
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hospitalizations is primarily achieved by
patient-professional communication.

facilitating

Beneficial effects were most often reported for patients with
diabetes or cardiopulmonary disorders. We suggest 2
explanations. First, the focus of digital health records has been
directed toward patientswith diabetes and asthmafor sometime
because of the sheer number of people with these conditions.
This could have resulted in higher-quality patient-centered
digital health records and patients who were more accustomed
to their use. Second, the relative improvements in health
outcomes might be smaller among patients with a condition
with a high disease burden because of a higher baseline level
of self-management skills and disease knowledge.

The proportions of beneficial effects varied considerably
between health outcomes, which may be explained by 2 reasons.
First, outcomes with a higher proportion of beneficial effects
were more often the primary study outcomes than the secondary
outcomes. Digital health records were more frequently tailored
for these outcomes, yielding higher beneficial effects. Second,
outcome assessment was generally less robust for outcomes
with a higher proportion of beneficial effects, such as
self-management and patient engagement, which might have
resulted in more false-positive effects.

Comparison With Earlier Evidence

Our results are more positive than those of the previous
systematic reviews. This might be because of the increasing
acceptance of digital health records, their improving quality,
the increasing body of literature, or variations in digital health
record definitions used. Two previous reviews found mixed
effects on the use of portals on health outcomes and health care
utilization [27] and reported positive effects on qualitatively
assessed self-management in only one-third of the studies[25].
A recent systematic review that focused on portalsintended for
hospitalized patientsfound mixed resultsfor patient engagement
[26]. A systematic review that included only qualitative studies
found that portal use was associated with positive effects on
self-efficacy, treatment adherence, and disease knowledge [28].
In a review on eHedth interventions that aim to promote
medication use, aweak association between digital health record
use and health-related quality of life was observed [10]. This
impliesthat digital health record engagement isnot yet sufficient
to affect patients' overall health-related quality of life.

Strengthsand Limitations

Thissystematic review has several strengths. Our search strategy
was comprehensive, to account for the lack of consensus in
digital health record terminology. In addition, awide variety of
health outcomes were considered relevant to determine the
impact of digital health record use. However, several limitations
of this study must be considered. First, comparisons between
studies were difficult because of the variety in evaluated
functionalities. A similar diversity was observed among the
reported follow-up durations, participants’ ages, study sample
sizes, and outcomes. Second, because it was not possible to
perform ameta-analysis owing to the heterogeneity in reported
(disease-specific) outcome measurements and effects, we used
the vote-counting method. Therefore, we could not report the
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effect estimates and indicated directions of effects[122]. Third,
owing to a lack of agreement on feasibility and acceptability
thresholds, much is |eft to the authors’ discretion. Fourth, JBI
critical appraisal tools rank every item equally despite being
not equally important. Finally, publication bias could have
resulted in overestimation of the positive effects of
patient-centered digital health records. More studies with
positive results have been published. In addition, many of the
included studies assessed more“mature” patient-centered digital
health records, which could have overestimated the effects.

We observed that high patient satisfaction rates did not fully
reflect in other health outcomes. This can be partly attributed
to acquiescence biasand satisficing [123]. Moreover, satisfaction
was often reduced to anarrow ease-of-use questionnaire, instead
of satisfaction with the contribution to overall disease
management. Finally, several studies only included recurrent
usersin their analyses, which could falsely increase feasibility.
Moreover, these recurrent users likely experienced positive
effectsof using digital health records, which would have resulted
in an overestimation of effects in randomized studies with no
intention-to-treat analysis and in all nonrandomized studies.

Thevoluntary adoption of patient-centered digital health records
by patients might reflect an intrinsic, preexisting motivation for
self-management and care engagement bias, which may
overestimate their effects. Patient-centered digital health record
use could even be considered a surrogate measure for
engagement [109,124,125]. Thus, it might be best to consider
digital health records as vehicles for empowerment,
strengthening existing self-management capabilities[126,127].

The effects of using patient-centered digital health records on
health outcomes are not aways direct but often depend on
intermediate steps. For example, requesting prescription refills
might depend on the actions performed by (slow-responding)
physicians, nurses, or pharmacies. Thus, if using adigital health
record would have no observable effects on health outcomes,
this could aso be a result of these intermediate steps or
unforeseen processes and may not be attributable to the use of
the patient-centered digital health record.
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The proportion of beneficial effects reported in high-quality
studies was lower as compared with all included studies for
clinical outcomes (30% vs 42%), patient-reported outcomes
(37% vs 45%), and health care utilization (33% vs 59%).
Nevertheless, the proportions are clinicaly relevant and
promising considering this newly emerging field. The observed
differences might be related to 4 factors. First, the selection of
motivated, well-educated, digitally minded participants might
have overestimated the results in most low- and
moderate-quality studies. Second, most studies did not measure
ongoing user activity, and assumed that registered users became
recurrent users. Third, nearly al low- and moderate-quality
studies reported high dropout rates, which could overestimate
acceptancerates. Finally, thelack of consensuson digital health
record terminology hindered the interpretation of findings. We
would advocate the use of uniform definitions, such as those
presented in Textbox 1 [10,17-20].

Future Research

Future studies should adopt additional measures to adhere to a
uniform taxonomy, use log data, and limit selection bias. The
exclusion of less-engaged people could further expand the digital
divide between patients who are digitally proficient and those
who are not, resulting in an increasingly unequal distribution
of care services. We suggest that researchers include a diverse
population based on age, gender, disease burden, race, education
level, and health literacy [128]. Finally, further research should
focus on determining which functionalities are mostly
responsible for the effects on the outcomes.

Conclusions

The use of patient-centered digital health records in chronic
conditions is potentially associated with beneficia effects on
several patient-reported outcomes and recommended care
services in a considerable number of studied digita health
records. Therates of the effects were approximately similar for
different patient groups. Feasibility and acceptability were high.
Our findings support further implementation of patient-centered
digital health records in clinical practice. Yet, higher-quality
research is needed to identify effects per disease category and
per health outcome and to learn which patients might benefit
from specific functionalities.
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