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Abstract

Background: Digital interventions are effective for health behavior change, as they enable the self-management of chronic,
noncommunicable diseases (NCDs). However, they often fail to facilitate the specific or current needs and preferences of the
individual. A proposed alternative is a digital platform that hosts a suite of discrete, already existing digital health interventions.
A platform architecture would allow users to explore a range of evidence-based solutions over time to optimize their
self-management and health behavior change.

Objective: This review aims to identify digital platform-like interventions and examine their potential for supporting
self-management of NCDs and health behavior change.

Methods: A literature search was conducted in January 2020 using EBSCOhost, PubMed, Scopus, and EMBASE. No digital
platforms were identified, so criteria were broadened to include digital platform-like interventions. Eligible platform-like
interventions offered a suite of discrete, evidence-based health behavior change features to optimize self-management of NCDs
in an adult population and provided digitally supported guidance for the user toward the features best suited to their needs and
preferences. Data collected on interventions were guided by the CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online Telehealth) checklist, including evaluation data on effectiveness
and process outcomes. The quality of the included literature was assessed using the Mixed Methods Appraisal Tool.

Results: A total of 7 studies were included for review. Targeted NCDs included cardiovascular diseases (CVD; n=3), diabetes
(n=3), and chronic obstructive pulmonary disease (n=1). The mean adherence (based on the number of follow-up responders)
was 69% (SD 20%). Of the 7 studies, 4 with the highest adherence rates (80%) were also guided by behavior change theories
and took an iterative, user-centered approach to development, optimizing intervention relevance. All 7 interventions presented
algorithm-supported user guidance tools, including electronic decision support, smart features that interact with patterns of use,
and behavior change stage-matching tools. Of the 7 studies, 6 assessed changes in behavior. Significant effects in
moderate-to-vigorous physical activity were reported, but for no other specific health behaviors. However, positive behavior
change was observed in studies that focused on comprehensive behavior change measures, such as self-care and self-management,
each of which addresses several key lifestyle risk factors (eg, medication adherence). No significant difference was found for
psychosocial outcomes (eg, quality of life). Significant changes in clinical outcomes were predominately related to disease-specific,
multifaceted measures such as clinical disease control and cardiovascular risk score.
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Conclusions: Iterative, user-centered development of digital platform structures could optimize user engagement with
self-management support through existing, evidence-based digital interventions. Offering a palette of interventions with an
appropriate degree of guidance has the potential to facilitate disease-specific health behavior change and effective self-management
among a myriad of users, conditions, or stages of care.

(J Med Internet Res 2020;22(10):e16774) doi: 10.2196/16774
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Introduction

Background
Noncommunicable diseases (NCDs) are the leading cause of
death and disability worldwide [1,2]. Although complex [3-5],
approximately 80% of NCDs can be accounted for by modifiable
risk behaviors, such as physical inactivity, unhealthy diets,
smoking, harmful alcohol consumption, and stress management
[3,6,7]. The comprehensive management of risk behaviors [8,9]
through the implementation of self-management strategies
[10-12] is critical to fostering a life-long approach to secondary
prevention [13]. According to Bandura [14], to achieve
successful and sustainable self-management, people have to
learn to monitor their health behavior and the circumstances
under which it occurs.

Secondary prevention in an NCD context usually involves
referral to a structured hospital or community-based programs,
such as cardiac rehabilitation [13,15,16], pulmonary
rehabilitation [17], or diabetes education [18-21]. Participation
in center-based programs improves health-related quality of life
[12,22-24] and clinical outcomes [23] and lowers the risk of
hospitalization [12,22,24], recurring adverse health-related
events, and all-cause mortality [9], compared with usual care.

Despite the proven effectiveness of secondary prevention
[12,22-24], uptake and adherence to structured face-to-face
programs is suboptimal [25-29]. Personal factors associated
with low attendance include cultural, financial, and
psychological barriers (eg, readiness or willingness to attend)
[17,27,30]. Key operational barriers to active participation relate
to availability of program resources, including limited program
enrollment capacity [29,31], restrictive hours of operation [27],
and limitations in program suitability (eg, for people
self-managing multiple NCDs). Accessibility barriers include
inadequate transportation and a lack of services within remote
rural areas [17,27,29,30,32-36]. In response, there has been a
necessary shift toward flexible and convenient home-based
services [32,37-41], offering an evidence-based alternative to
nonattendance and reducing the distance of care [42].

Digital health is a contemporary advancement in home-based
self-management of NCDs. Widespread internet connectivity
to at least 55% of the global population [43], over 5 billion
mobile phone users [44] and the availability of thousands of
mobile health applications [45] has provided unprecedented
access to the digital delivery of home-based support. Content,
structures, and modes of delivery for these digital interventions

are wide ranging, and their potential effects are well
documented.

A systematic review and meta-analysis of internet-based
interventions targeting health behavior change in NCD groups
(n=43,236) showed significant improvements in risk-related
behavior, such as physical activity (effect size 0.24; 95% CI
0.09-0.38), dietary behavior (effect size 0.20; 95% CI 0.02-0.37),
and alcohol consumption (effect size 0.14; 95% CI 0.00-0.27)
[46]. The findings showed that offering multiple modes of
delivery within an intervention (eg, internet-based plus text
messaging) had a greater effect on behavior (effect size 0.81;
95% CI 0.14-1.49) [46].

Reviews of communication technologies used to deliver health
services and facilitate patient and health care professional
interaction [47] have reported that improvements in
self-management of NCDs are not inferior to the positive
changes produced by structured center-based programs or usual
care [42,48]. Similarly, reviews of mobile-based text messaging
interventions have shown sustained health behavior change
[49-53] and the potential to overcome barriers associated with
traditional center-based models via simple to use, flexible,
cost-effective digital health [52,53].

Collectively, the literature indicates that evidence-based digital
health interventions have the potential to discretely impact the
self-management of NCDs while also complementing one
another. Despite the advantages of these discrete interventions,
no single program meets the needs of all users, as
self-management of NCDs and user preferences are complex
and multifaceted in nature. Discrete digital health solutions
could be complimentary when combined for use. The
REMOTE-CR program [54] and CAP-CR program [55] draw
on combinations of web-based and mobile-based features
through smartphone-enabled software to facilitate digitally
assisted self-management. Outcomes from a randomized control
trial of the CAP-CR intervention (n=120) indicated that uptake,
adherence, and completion rates at 6 months were significantly
higher than those of center-based cardiac rehabilitation programs
[55]. REMOTE-CR integrates the use of smartphones, wearable
sensors, and web apps to provide real-time remote exercise
monitoring. A randomized control trial (n=162) found
REMOTE-CR to be an effective and cost-efficient alternative
to center-based programs [54].

The constraints of disparate digital health interventions mean
that an undue amount of time is required to seek out
interventions offering the content, features, or delivery mode
best suited to the current preferences of the individual user.
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Moreover, when a person’s health status or general lifestyle
habits change, seeking practices would have to be repeated,
which may reduce the sustainability of a discrete digital program
intervention and long-term user adherence [56].

Therefore, we need flexible and versatile solutions in the digital
health space. This requires a shift away from the creation of
restrictive digital interventions toward a paradigm that facilitates
optimal engagement through centralized choice.

Objective
We propose a digital platform that would capitalize on existing
digital self-management interventions that have been evaluated
for effectiveness in a specific context (eg, NCDs) through a
comprehensive experimental design [57]. The platform would
host a digitally supported palette of discrete, evidence-based
digital health interventions and incorporate a digital guidance
tool to direct users to the intervention best suited to their current
individual needs and preferences, optimizing personal relevance
and user experience [47].

Existing disparate digital health interventions may offer modest
positive effects, but engagement can be varied. Thus, a digital
platform could potentially optimize engagement while also
lessening the burden of care associated with irrelevant content,
user ambivalence, and time-consuming seeking processes. Such
an approach not only facilitates personalization but also
encourages user autonomy through the self-selection of a
combination of program components, which is associated with
long-lasting positive effects on disease management and patient
empowerment [37,58,59]. There is significant potential for this
body of work, as a plethora of underutilized evidence-based
digital health interventions exists, involving rigorous
development processes and gold standard evaluations.

Methods

Identifying Digital Platforms
A preliminary pilot of this review was conducted in August
2018, but no digital platforms that matched our criteria were
identified. Therefore, the focus of this review was extended to
include digital platform-like interventions. Details of the
protocol for this review were registered on PROSPERO
(International Prospective Register of Systematic Reviews) in
2018 (PROSPERO 2018, Registration Number: CRD420
18102095). A follow-up literature search was conducted in
January 2020.

For this review, a digital platform-like intervention was defined
as a digital solution that allows users to choose from a suite of
discrete, evidence-based health behavior change features to
support NCD self-management. Offers a digital tool for
guidance toward intervention features that are most suited to
the user’s needs and preferences. This broadened definition
allowed us to best provide an assessment of the potential of
digital platforms in self-management of NCDs, despite the
absence of existing literature.

Aims
The aims of this study were to identify digital platform-like
interventions for the self-management of NCDs and to examine
the potential for digital platform-like interventions to support
self-management of NCDs through effectiveness and process
outcome measures.

Eligibility Criteria
The eligibility criteria are outlined in Table 1 according to an
adapted version of the Population, Intervention, Context,
Outcome approach [60,61]. Studies eligible for inclusion were
published in English between January 1990 and January 2020;
this period coincides with the activation of commercial internet
service providers. All study designs were eligible for inclusion
because of the emergent nature of the research topic.

J Med Internet Res 2020 | vol. 22 | iss. 10 | e16774 | p. 3http://www.jmir.org/2020/10/e16774/
(page number not for citation purposes)

Tighe et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Framing the review aims according to an adapted Population, Intervention, Context, Outcome approach.

DescriptionFactor

Population

Aged ≥18 yearsAdults

Intervention supported participants in self-management of at least one lifestyle-related,
noncommunicable, chronic disease (eg, cardiovascular disease, chronic obstructive pul-
monary disease, and type 2 diabetes)

Noncommunicable chronic disease

Intervention

Intervention targeted at least one health behavior (eg, physical activity or diet)Health behavior

Offered at least two evidence-based BCa components or features (eg, self-monitoring,
goal setting, or feedback)

Discrete behavior change components

Compatible with any modern computing devices (eg, web based or mobile based)Digital delivery

Offered a choice between BC components. Provided users with a digitally assisted guid-
ance tool to assist with feature selection.

Guidance

Context

Primarily facilitating outpatient, home-based stages of NCDb care. Focus on participants’
own self-management of NCD.

Secondary prevention and self-management

Outcomes

Mode of delivery, participant information, comparators, intervention features and compo-
nents, theoretical frameworks or tools, development processes.

Intervention description

Significant improvements in health behavior, clinical outcomes, or evidence-based psy-
chosocial outcomes.

Effectiveness

Intervention use (log-in data), adherence (completion of follow-up data collection), and
user satisfaction (quantitative or qualitative follow-up).

Process

aBC: behavior change.
bNCD: noncommunicable disease.

Information Sources and Search Strategy
A systematic literature search of 9 electronic databases was
conducted in January 2020: EBSCOhost (Academic Search
Complete, Applied Science & Technology Source, Cumulative
Index to Nursing and Allied Health Literature Complete, Global
Health, Health Business Elite, and PsycINFO), PubMed
(MEDLINE), Scopus, and EMBASE. Reference lists of included
study publications and related conference proceedings were
hand searched to identify additional publications that may not
have appeared in database searches. Peer-reviewed systematic
reviews and meta-analyses, in which the included studies were
cited, were explored to identify any similar studies that did not
appear in database searches.

Individual search strategies were developed for each database
(example shown in Multimedia Appendix 1) and included search

terms derived from 3 main categories of interest: chronic
disease, digital technology, and self-management of health
behavior.

Screening and Selection
All results were exported to a reference manager (EndNote X9,
Clarivate Analytics), where duplicates were removed before
screening for eligibility. Search results have been reported using
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement [62]. Each stage of the screening
process is presented in Figure 1. Titles, abstracts, and full texts
were independently assessed by 2 reviewers (ST and JR),
whereas the third and fourth reviewers (KB and RM) were
consulted to collectively reach a consensus on studies with
questionable eligibility.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

Data Collection

Quality
Methodological quality of the included literature was assessed
using the Mixed Methods Appraisal Tool (MMAT; version 18)
[63]. The MMAT allows for the simultaneous evaluation of
qualitative, quantitative, and mixed-method research, which
makes it an appropriate critical appraisal tool for this review.

Data were extracted from the publications using a specifically
designed MMAT tool. Publications were not excluded based
on quality assessment because of little empirical evidence to
support this practice [63]. Instead, we decided to report on the
quality of the reviewed studies.

The quality of each eligible study was rated according to 7
quality criteria. To determine the overall quality score for each
study, the number of criteria met was divided by the total

number of criteria (7) and expressed as a percentage. It is
discouraged to simply calculate an overall score [63]; thus, a
more detailed report of the criteria was included to better inform
the quality assessment of the included studies.

Digital Platform-Like Interventions
The extraction of intervention data was guided by the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
TeleHealth) checklist [64], which outlines reporting guidelines
for digital health interventions. Data on mode of delivery,
participant information, comparators, intervention features and
components, and theoretical frameworks or tools were collected.
Data were also collected on the development processes of the
digital platforms.

J Med Internet Res 2020 | vol. 22 | iss. 10 | e16774 | p. 5http://www.jmir.org/2020/10/e16774/
(page number not for citation purposes)

Tighe et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Evaluation
According to highly regarded reports on monitoring and
evaluation frameworks for digital health interventions
[57,65-67], summative and process evaluations are typically
carried out in line with the stage of maturity or specific
characterization of a digital platform.

For this review, impact measures for effectiveness were
classified as significant improvements in health behavior,
clinical outcomes, or evidence-based psychosocial outcomes.
Outcome measures for process evaluations were intervention
use [68] (log-in data), adherence [68] (completion of follow-up
data collection), and user satisfaction (quantitative or qualitative
follow-up).

Results

Study Selection
The combined search strategy identified 1582 records, of which
1568 were identified through electronic database searching and
14 through other sources. Duplicates were removed, and the
remaining 507 records were screened for eligibility through
titles and abstracts. Full-text was obtained for the 85 remaining
records, of which 29 publications outlining 7 digital
platform-like interventions met the inclusion criteria (Table 2)
[38,69-95]. The primary reasons for the exclusion of full-text
records are shown in Figure 1. Table 2 shows how the 29
publications were related to each of the 7 studies, sorted
according to the evaluation stage [57]. Owing to the
heterogeneous nature of the included studies, a meta-analysis
was not possible.

Table 2. Overview of included publications (n=29).

Formative evalua-
tion

Summative evaluationFormative evaluationProposal or protocol
(n=7)

Study
name

Process evaluationTrialIterative developmentNeeds assessReferenceYear

Mixed methods
(n=4)

Effect (n=4)Pilot or efficacy (n=5)Usability or feasi-
bility (n=5)

Qualitative (n=4)

ReferenceYearReferenceYearReferenceYearReferenceYearReferenceYear

——[71]b2014b————a[70]2014a[69]2012Antypas
and
Wang-
berg [71]

[87]2017
(Alkal-
di)

[88]b2017[86]2016
(Hof-
mann)

[91]2019
(Dack)

[38]2018
(Pal)

[96]2015Murray et
al [88]

[89]2018
(Li)

——————————

[90]2018
(Podu-
val)

——————————

————[93]b2019b[73]2018[72]2017[92]2019aPoppe et
al [93]

————[94]b2017————[95]2019Sakak-
ibara et al
[94]

[78]2017[77]b2015[76]2014[75]2013b——[74]2013aVoncken-
Brewster
et al [77]

————[82]b2020
(Claes)

[81]2019[80]2018[79]2017
(Claes)

Walsh et
al [82]

——[85]b2014b——[84]2014a——[83]2012Yu et al
[85]

aPublication type not applicable to this study
bParent publication for the study.

Study Characteristics
This review identified 7 diverse digital platform-like
interventions [38,69-95]. Of the 7 interventions, 3 targeted
diabetes [85,88,93], 3 were intended for cardiovascular diseases

(CVDs) [71,82,94], and only one intervention supported people
with chronic obstructive pulmonary disease (COPD) [77].

Of the 7 studies, 4 evaluated the effectiveness of their
interventions [71,77,85,88], including 3 randomized control
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trials and 1 single-arm pre-post cohort design [85]. Sample sizes
ranged from 69 to 1325, and mean participant ages ranged from
57 to 65 years. Of the 4 studies, 2 reported gender imbalance
within participant groups (23% [71] and 31% [88] female
participants). Trial periods ranged from 3 to 12 months, and the
control groups in the 3 randomized control designs received the
usual care [77], accessed simple web-based information [88],
or a variation of the described intervention [71].

Of the 7 studies, 3 had not evaluated effectiveness at the time
of this review [82,93,94], but all 3 had completed a pilot
evaluation of their intervention. Pilot sample sizes ranged from
35 to 120 and had relatively shorter trial periods of 5 weeks
[93], 10 weeks [94], and 6 months [82]. One of the studies
subsequently published a protocol for a planned randomized
control trial [95] to be completed by December 2020 (clinical
trial registration: NCT03159325; international registered report
identifier: DERR1-10.2196/12322).

Quality Appraisal
Parent publications for each study [71,77,82,85,88,93,94] were
quality assessed; thus, the MMAT was completed once per
study and not for each publication. Companion publications
were assessed where a Can’t Tell response was coded
[38,69-96]. Overall, 6 of the digital platform-like interventions
were intended to be used ad libitum. Therefore, the criterion
“2.5. Did the participants adhere to the assigned intervention?”
was not appropriate. This section was alternatively appraised
based on the participants’ completion of follow-up data
collection.

The details of the assessment criteria can be found in Multimedia
Appendix 2 [71,77,82,85,88,93,94]. Overall, the scores for the
included studies ranged from 3 to 7 out of a possible maximum
of 7. This translates to a varied methodological quality range
of 2 to 4 stars. The mixed-method studies were of the highest
quality, achieving 3 [94] and 4 stars [85]. The most frequent
limitations were incomplete outcome data sets [71,77,82,88,93],
poor follow-up response rates, [71,77,82,88,93], and insufficient

integration of quantitative and qualitative components in
mixed-method studies [94].

Digital Platform-Like Interventions
The key characteristics of the included interventions are outlined
in Table 3. All interventions included an intermediary user
interface, which allowed participants to explore and self-select
optional components based on their individual needs and
preferences. All 7 delivered a choice of at least two
evidence-based behavior change techniques or strategies (eg,
self-monitoring and goal setting) [97] targeting a lifestyle-related
behavior (eg, physical inactivity and smoking). Physical activity
was the most frequently targeted health behavior, addressed in
6 of the 7 digital health interventions [71,77,82,85,88,93]. Of
the 7 interventions, 2 focused on disease-specific self-care as
their key targeted behavior, which incorporates a wide range of
health behaviors [85,94].

All 7 interventions presented algorithm-supported interventions
that facilitated user guidance [71,77,82,85,88,93,94]. Specific
features were included to optimize the sustainability of this
automated approach, such as providing recommendations to
users through computer-generated responses to questionnaires
or self-reported data (ie, eDecision support tools)
[73,77,82,88,93,94], smart recommendation widgets that offered
advice based on individual patterns of use [85], and application
of the transtheoretical model (TTM) of behavior change to select
stage-matched intervention features [71].

Support from a health care professional was described in all 7
interventions: typically, cardiac rehabilitation nurse practitioners,
exercise specialists, or a member of the research team. The
primary role of health care professionals was to facilitate trial
and data collection [71,77,82,85,88,93,94] or conduct initial
familiarization sessions [71,82,88]. Overall, health care
professionals did not provide digital support or enhance existing
intervention features, as this approach was not considered
sustainable [71,83].
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Table 3. Overview of digital platform-like interventions.

Intended useTargeted health behaviorsTarget NCDaMode of deliveryCountryIntervention name

Antypas and Wangberg [69-71]

Ad libitumPhysical activity, medication
adherence, diet/nutrition,
and smoking cessation

CVDbWeb based and mobile
based

NorwayDrupal

Murray et al [38,86-91,96]

Ad libitumPhysical activity, medication
adherence, diet/nutrition,
and smoking cessation

T2DcWeb based and mobile
based

EnglandHeLP-Diabetes

Poppe et al [72,73,92,93]

1 session per weekPhysical activity and seden-
tary behavior

T2DWeb based and mobile
based

The NetherlandsMy Plan 2.0

Sakakibara et al [94,95]

Ad libitumMultiple, unspecified: relat-

ed to CVDa
CVDWeb based and mobile

based
CanadaHealing Circles

Voncken-Brewster et al [74-78]

Ad libitumPhysical activity, smoking
cessation

Chronic obstruc-
tive pulmonary
disease

Web basedThe NetherlandsMasterYour Breath

Walsh et al [79-82]

Ad libitumPhysical activity (primary)
and other CVD-related

CVDWeb based and sensor basedIreland, BelgiumPATHway

Yu et al [83-85]

Ad libitumMultiple, unspecified: relat-
ed to T2D

T2DWeb basedCanadaDiabetes Online
Companion

aNCD: noncommunicable disease
bCVD: cardiovascular disease.
cT2D: type 2 diabetes.

Development Processes
Of the 7 interventions, 6 had a clear theoretical basis to support
the concept and development, including behavior change
theories such as social cognitive theory (SCT) [81,83,88], social
ecological model [88], the Health Action Process Approach
(HAPA) [69,73], and the wide-ranging integrated change model
(iChange) [69,74]. Of the 7 interventions, 1 was not explicit
about the theoretical underpinning but was influenced by aspects
of SCT [95]. Of the 7 studies, 3 [82,88,93] outlined platform-like
intervention components according to the behavior change
technique taxonomy of Michie et al [97].

Of the 7 studies, 4 conducted an early stage needs assessment
before commencing development [38,70,72,80] to verify the
unmet requirements of their target NCD population [38,70,80]
and validate their intervention concept [72]. These needs
assessments took the form of focus groups [38,70],
semistructured interviews [80], or think-aloud sessions with
existing digital infrastructures [72].

Of the 7 digital interventions, 4 took an iterative development
approach [75,81,84,91], which involved target participants with
NCD throughout the design process of the digital platform-like
intervention. This approach included at least three iterative

cycles [75,81,84,91], and in some cases, the process was guided
by participatory design principles [81,91].

In contrast, just one of the 7 interventions did not involve
participants in the development process [94], choosing to focus
on key theories and researcher expertise to conceptualize and
create the Healing Circles intervention.

Evaluation
All 7 digital platform-like interventions were evaluated
(Multimedia Appendix 3; [71,77,82,85,88,93,94]) through either
preliminary pilot investigations [82,93,94] or effectiveness trials
[71,77,85,88]. Of the 7 interventions, 2 used evidence-based
self-report measures for data collection [71,77]; 2 other studies
collected data during researcher visits to participants [82,93]
and from hip-worn ActiGraph accelerometers; and 3 collected
data through a combination of existing medical records [85,94],
self-report measures [85,88,94], and researcher visits to
participants [85,88].

Behavioral Outcome Measures
Of the 7 studies, 4 reported on physical activity behavior change
[71,77,82,93], one of which demonstrated significant
improvements in overall physical activity (median 5613
metabolic equivalents of task-minutes [MET-min] per week,
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IQR 2828) compared with the control group at 3 months (median
1356 MET-min per week, IQR 2937) [71]. For specific
intensities, changes in physical activity behavior for the
intervention group were significantly better than that for the
control for walking only (+453.8 MET-min per week; P=.05)
[71]. Accelerometer-assessed moderate-to-vigorous physical
activity (MVPA) behavior was significantly improved from
baseline in 2 of the digital platform-like interventions [82,93].
PATHway reported an increase of approximately 14 min MVPA
per day (P=.04) at 6 months [82], and the My Plan 2.0
intervention group increased MVPA from baseline by
approximately 8 min per day [93]. Both interventions resulted
in medium-to large-interaction effects between the intervention
and control groups [82,93].

Change in self-care behavior was the primary outcome for one
of the studies that targeted diabetes [85]. The Summary of
Diabetes Self-Care Activities measure [98] indicated that
significant improvements in diabetes self-care behavior and
sustained changes (9 months from baseline) were positively
correlated with age (+0.04 per year, 95% CI 0.02-0.06; P<.001)
[85].

Improvements in self-monitoring behavior were observed in 2
of the 7 interventions [93,94]. My Plan 2.0 found a significant
time-group intervention effect favoring the intervention group
for self-monitoring (effect size 0.54; P=.008) [93]. At 10 weeks,
the Healing Circles intervention also reported a time effect for
the intervention group (z=−2.04; P=.04) [94]. The effect of
Healing Circles on self-monitoring behavior was emulated by
the self-management domains of health behaviors (z=−2.11;
P=.04) and social support (z=−2.58, P=.01), all 3 of which were
assessed through the Health Education Impact Questionnaire
to measure the changes in self-management behavior [99].

Smoking cessation [77], dietary changes [82], medication
adherence [82], alcohol use [82], and stages and mediators of
health behavior change [71,77,82] were examined in 3 of the 7
studies, but no significant effects were found.

Clinical Outcome Measures
Disease-specific clinical outcomes were reported in 4 studies
at 6 months [77,82], 9 months [85], and 12 months [88]. One
of the publications demonstrated significant improvements in
clinical disease control (−0.06, 95% CI −0.11 to −0.01; P=.01)
using the 10-item Clinical COPD Questionnaire [100]; however,
this effect was not maintained when corrected for participant
baseline characteristics, such as age, sex, and disease status
[77]. At 6 months, a CVD-focused study [82] reported
medium-sized group interactions in favor of the intervention
for diastolic blood pressure (effect size=−0.49; P=.004) and
cardiovascular risk (effect size=−0.36; P=.03; Framingham Risk
Score [101]). One platform-like intervention for diabetes
reported lowered glycated hemoglobin (HbA1c) in the
intervention group at 12 months compared with the control
group who had access to web-based information [88]. Further
causal analyses of high-usage participants within the
intervention group indicated that intervention use for greater
than or equal to a median of 4 days could potentially reduce
HbA1c levels by 0.44% over 12 months [88]. Another study

measured weight, diabetes-related blood markers, and blood
pressure, but no overall positive effects were identified [85].

Psychosocial Outcome Measures
Health-related quality of life, disease-related quality of life
[77,82,85,94], and self-efficacy [71,82,85,88,93] were the most
prevalent psychosocial outcomes collected across the 7 studies,
but 6 of the 7 reported no significant change. Significant
improvements were recorded for disease-related quality of life
(using Diabetes Distress Scale [102]) in the diabetes companion
intervention group [85] when comparing users (n=70) with
nonusers (n=11) at 9 months (−4.7 vs −0.9; P<.001).

Process Evaluation
Log-in data were measured in 6 of the 7 interventions
[71,73,78,82,85,88], and adherence (completion of follow-up
data collection) was measured in all 7 interventions
[71,77,82,85,88,93,94]. One of the 7 interventions reported that
86% of participants logged in to the intervention at least once
over 9 months [85]. Of these participants, 75% were classified
as infrequent users (<2 log-ins per month) with an average of
one log in per user per month [85] and an average time of 6 min
spent per log in. One of the 7 interventions explained that
although participant log-in rates averaged 8 sessions per month
(range 0.6-3.6 sessions per week) [82], usage dropped
significantly in the final 2 months of the 6-month trial (P<.001).
Another one of the 7 interventions [78] recorded a baseline
log-in of 59.5% for the intervention group, which was
significantly higher than the initiation rates for the control group
program (12.8%). This disparity between the intervention and
control groups was also reported in another intervention [88].
Mean log-in values were significantly higher in the intervention
group (18.7 vs 4.8; P<.001), averaging about 1.5 log-ins per
month over the 12-month trial [88]. One of the intervention
protocols required users to log in 5 times over 5 weeks [73].
Overall, 92% of the participants logged in at least once, and the
average total time spent using the intervention was about 49
min [73]. One of the 7 interventions intended to measure log-in
rates [71], but unforeseen technical issues meant that some data
were unreliable.

Overall, the mean adherence to intervention trials at follow-up
was 69% (SD 20%). In 4 of the 7 interventions, approximately
80% of participants successfully completed follow-up data
collection at 6 months [77,82], 9 months [85], and 12 months
[88]. For 2 shorter trial periods, over 60% of participants
adhered to data collection following a 5-week [93] and 10-week
[94] intervention. In contrast, another intervention demonstrated
a low responder rate of just 27% 3 months from baseline [71].
Of the 7 studies, 4 used email and SMS reminders to secure
follow-up data [71,77,88,94], 3 of which reported adherence
rates of over 60% [77,88,94].

Of the 7 interventions, 6 reported on user satisfaction, which
was evaluated through both qualitative and quantitative measures
71,73,78,85,88,94

Of the 7 studies, 4 used semistructured exit interviews to gauge
user satisfaction [73,78,85,94] and conducted a quantitative
follow-up for satisfaction at the end of the trial by asking the
user if they would recommend the intervention to a friend
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[71,78] or by assessing changes in the diabetes treatment
satisfaction questionnaire [88]. One of the interventions used a
mixed-method approach [78] using both data collection methods.

Participants commented that they were satisfied with the
intervention layout, navigation, and ease of use [73,78,85]. The
interventions were seen as evidence-based, authoritative sources
[78,85], which enhanced users’ accountability for their
self-management and behavior change goals [73,85]. One
participant group noted that accountability could have been
further enhanced by including more social support (eg,
intervention access for family members or friends) [73], which
was supported by user satisfaction for a social support
component of another intervention (peer-to-peer web-based
interaction) [85]. The personal relevance of the platform-like
interventions was noted as a key contributor to overall user
satisfaction [73,78,85], driven by users’ individual contexts and
circumstances. Moreover, users were also satisfied with the
interventions’ ability to accommodate a broad range of user
needs [73,85]. Although users valued the personal relevance of
the interventions, there was some dissatisfaction with the burden
of a high volume of questions associated with digital guidance
tools [73,78]. User dissatisfaction was also reported for
interventions that did not offer a mobile delivery option [78,85]
and by users who were self-managing more than one chronic
condition [78,85]. User satisfaction outcomes were mixed for
the 3 quantitative evaluations. Overall, 57% [78] and 68% [71]
of participants would reportedly recommend the intervention
to a friend, but the HeLP-Diabetes intervention [88] reported
no significant difference between intervention and control group
satisfaction outcomes.

Discussion

Principal Findings
This review is the first of its kind to systematically examine the
literature on digital platform-like interventions for the
self-management of NCDs and health behavior change.
Although no digital platforms were identified, an examination
of digital platform-like interventions has contributed knowledge
to the conceptualization and potential value of using digital
platform architectures to support self-management of NCDs.

A total of 7 digital platform-like interventions were included
in the review. Evaluations for effectiveness were disparate, and
so a consensus on the overall effect could not be reached.
Nevertheless, positive effects were reported for physical activity,
disease-specific self-care, and self-monitoring behaviors, which
is a promising finding in support of digital platform use for the
self-management of NCDs. As a result of the findings mentioned
earlier, 3 dominant themes emerged: development, optimizing
change, and support and guidance for users.

Development
This review found that comprehensive and systematic
development processes were implemented for most platform-like
interventions. Iterative, user-centered approaches are highly
regarded in the field of digital health research because the
proactive engagement of patients can be beneficial in the
development of digital interventions [103,104]. It allows

researchers to gain an in-depth understanding of the
psychosocial context of the potential end users of the
intervention [105] and shortens the communicative distance
between the researcher and the user [106]. In this review, 4 of
the 7 interventions [75,81,84,91] adopted an iterative,
user-centered approach. Reporting methods across the included
interventions were varied, so it was difficult to determine
whether incorporating user-centered development was associated
with greater effectiveness. However, research suggests that such
development methodologies have the most potential for
developing a sustainable solution [107]. An average of 80%
adherence at follow-up stages was found in the same 4 studies
[77,82,85,88], which could be attributed to the comprehensive
iterative development approaches used in all 4 of the
interventions. The level of user engagement with digital health
technology tends to wane over time [56,108,109], which has
been associated with a lack of perceived value by the user and
increased burden because of irrelevant material [110,111].
Placing the user at the center of development considerations
and including them in decision-making processes may have
affected the creation of fitting platform-like structures,
appropriate for those living with NCDs and delivering relevant,
usable content or features.

All 4 of the aforementioned interventions [75,81,84,91] also
specified a clear theoretical underpinning to their development
(eg, TTM), which is consistent with research recommendations
that intervention content and features associated with a solid
theory base are more likely to be effective in changing behavior
[46]. A strong theoretical framework may also have affected
the generalizability and adaptability of the platform-like
interventions, further adding to the potential for efficacy and
longevity [66,112,113] as seen through high adherence rates.
Only 3 of the studies outlined platform-like intervention
components according to a taxonomy [82,88,93], which made
identifying behavior change features difficult because of vague
reporting. We anticipate that digital platform content would
have superior clarity for users and health care professionals
alike because of the stand-alone, discrete digital interventions
offered.

Optimizing Change
The results presented in this review indicate the potential for
digital platforms to affect behavior change, such as
disease-specific self-care behavior. Significant differences were
reported for sustained diabetes self-care behavior between users
and nonusers of the Diabetes Online Companion intervention
[85].

The self-care outcome measure covers a range of health
behaviors, which address several key lifestyle risk factors (eg,
dietary behavior, physical activity, glucose monitoring, and
smoking) [98]. Thus, our findings suggest that modest changes
in multiple health behaviors (ie, changes in self-care) may have
a better overall and sustained effect on the self-management of
NCDs than larger effects in one single health behavior. This
suggestion supports the opinion that affecting comprehensive
lifestyle change may be a better approach to the
self-management of NCDs, as NCDs are complex conditions
influenced by several interconnected lifestyle risk factors
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[3,114]. Similar to self-care, improvements in self-monitoring
behavior were identified through the HAPA, which incorporates
six personal determinants of behavior change.

Lifestyle-related risk factors and their corresponding health
behaviors are heavily influenced by one another, and thus
modifying one health behavior using a digital platform may not
necessarily generate sustainable improvements in the
self-management of NCDs. For example, smoking behavior has
been inversely linked to physical activity behavior, meaning
that a lack of engagement with smoking cessation may inhibit
physical activity progress [115-117]. Similarly, poor stress
management may have a negative effect on engagement with
healthy behaviors, such as smoking cessation [118], physical
activity [119,120], and maintaining a healthy diet [121]. Single
interventions that independently target diet and physical activity
behavior may improve those isolated behaviors, but sustained
changes in associated risk factors (eg, weight loss and
maintenance) are more probable when interventions
simultaneously target both health behaviors [114]. The results
of our review showed limited to no changes in isolated behaviors
(eg, overall physical activity and smoking) [77,82], but modest
improvements were apparent in overall disease-specific self-care
and multiple self-management domains [85,93,94].

Focusing on modest overall improvements in health behavior
change may produce further consequential effects on sustained
NCD self-management. Self-regulatory and self-efficacy
theories for promoting self-management suggest that the greatest
improvements in self-care of chronic conditions typically occur
following some initial success in changing behavior (ie, mastery
experience) [14]. Thus, seeking a modest change in a more
comprehensive and generalizable outcome measure such as
disease-specific self-care may generate a cascade of behavior
change improvements moving forward.

A comprehensive approach could also provide a greater scope
for successful self-management throughout the unpredictable
health trajectories of NCDs, which are relatively unique to each
individual [122]. This hypothesis is in line with primary care
digital health frameworks that dynamically adapt services to
the clinical care pathway of the individual, which cannot be
predetermined and changes regularly [123]. This approach
supports our hypothesis that overly specific digital health
interventions may not be the most appropriate solutions to
comprehensive self-management of NCDs. A digital platform
could accommodate not only the stage of NCD but also the
current health state of the person living with that NCD, by
providing the self-management tools required to suit individual
circumstances. It would create an opportunity for users to
experiment and tinker with evidence-based interventions [124],
and experience successes and failures on their path to successful
self-management, leading to new insights and skills in self-care.
The evaluation of a digital platform should extend further than
simply adhering to the discrete digital interventions hosted
within the platform and should explore how they are used and
actively incorporated into everyday life [104]. Longer evaluation
trial periods may better facilitate these dynamic user health
trajectories to accommodate periods of exploration and changing
mindsets.

Support and Guidance
The digital platform-like interventions included in this review
had good adherence for up to 9 months, which could be
attributed to the freedom for users to explore an array of digital
features and identify the most relevant components for them as
an individual. However, given that a digital platform would
provide access to an extensive choice of discrete digital health
interventions, it is important to note that the intention is not to
overburden users [125]. It is possible that free navigation
through a platform with various features to negotiate could be
a cumbersome process [110].

Research indicates that using all available components is not
necessarily more effective [56], and presenting a platform not
matched to user needs could be detrimental to the overall success
of the platform [126]. Thus, evidence suggests that the addition
of human support in digital health can enhance user engagement,
as users value reassurance and expert knowledge to guide their
decision making [66,127,128]. Human support is resource
intensive and can increase the overall cost and burden on health
care systems, which may not be a feasible solution. Therefore,
it is important to establish the extent to which further value can
be added to a multicomponent digital health intervention by
supplementing it with human support [127].

In view of this, our review has recognized the potential of
applying existing theories and knowledge to create efficient,
cost-effective automated guidance for users to make informed
choices about their engagement. The digitally supported
guidance offered to participants within the 7 interventions
provided them with a supported pathway to choose behavior
change components. This is in line with behavioral research
that indicates that actively engaging participants in
decision-making pathways for care can improve health outcomes
[129] through factors such as improved autonomy [37],
empowerment, and mastery [130]. These factors are critical in
supporting people to self-manage their disease and in promoting
a more digitally engaged patient [104].

One reason that people value human support is a sense of
accountability [127]. However, this review showed that a sense
of accountability was successfully acquired by several
participants using automated platform-like interventions.
Providing clear associations between a digital platform and
expert health care professional advice may be enough to satisfy
the desire for accountability. This is reinforced by research that
suggests a key factor in promoting engagement with digital
health interventions is clear endorsement by respected clinicians
or expert organizations [110,127]. A digital platform would
seek to use existing, evidence-based digital health interventions
that could be put through a rigorous selection process before
inclusion, driven by an extensive list of key stakeholders (eg,
health care professionals, potential end users, and family
members) to further endorse the trustworthiness of the platform
[110].

The comprehensive development of these evidence-based,
automated guiding decision pathways is another way to
incorporate expert advice and guidance to support the
trustworthiness of a digital platform. Automated eDecision
support tools are currently being developed and validated to
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assist with meaningful adherence to interventions and health
behavior by providing individualized, real-time assistance
[81,131]; however, no validated tools have been described in
the included literature to support navigation through complex
digital platforms. This may have an impact on the usability or
trustworthiness of the included digital platform-like
interventions. The variation in guidance systems presented in
this review points to a requirement for more research on an
operative level of support to optimize engagement and create a
user-centered experience for the individual.

In summary, the adaptive nature of a digital platform
accommodates the requirement for flexibility in
self-management support, which could facilitate a diverse range
of users and life circumstances [66,132]. Longitudinal and
detailed evaluations of digital platforms must be carried out to
influence the lifetime of positive health-related choices and
behaviors. It is important not only to evaluate the longevity of
participating in such an intervention but also to explore the
diverse patterns of engagement by a wide range of users.

Limitations
This review was prospectively registered, used comprehensive
search strategies across multiple databases, and reported
according to PRISMA. Searches and publication of results have
been conducted in an up-to-date and timely fashion. The
inclusive nature of this review accommodated a broad range of
NCDs, which enhances the generalizability of the findings
among a wider population.

This review was not without limitations. The novel concept of
a digital platform was introduced for the first time, which made
it difficult to identify relevant literature. Having broadened the
inclusion criterion, discrepancies in terminologies could still
have led to key studies being omitted from this literature search
or the misinterpretation of intervention content. Current research
is focused on the development of a comprehensive eHealth
taxonomy, but this is not yet wide ranging enough [133]. In

response to this, a systematic approach and extensive use of
terminology in search strategies were implemented to ensure
that pertinent literature was included for review.

Another limitation was that none of the interventions included
in this review were readily available on the web to the reviewer,
none provided a digital preservation URL, and intervention
descriptions were not always sufficient to identify key features.
There has been a call for improved reporting of digital health
interventions to improve examination and evaluation of
intervention characteristics. This limitation is an important
reminder that future developments should use reputable
reporting frameworks and guidelines to outline their work
[64,134].

Conclusions
We have identified a gap in the research on comprehensive and
flexible digital health for the self-management of NCDs. Thus,
we proposed the contemporary concept of a digital platform,
which supports the innovative use of already existing digital
interventions for health behavior change. Initial searches
indicated that no such digital platforms currently exist, which
may indicate a missed opportunity to optimize user engagement
with already developed, evidence-based digital interventions.
In response, this review focused on digital platform-like
interventions to provide an understanding of the development
and contextual considerations required to optimally construct
a digital platform.

Iterative, user-centered development may be associated with
improved adherence and sustained use. Offering a palette of
evidence-based interventions with an appropriate degree of
guidance has the potential to facilitate disease-specific health
behavior change and effective self-management among a myriad
of users, conditions, or stages of care. This review and the novel
concept of digital platform-like interventions contribute new
knowledge to the rhetoric of digital health for the
self-management of NCDs.
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