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Abstract

Background: Thereisgrowing evidencethat appsand digital interventions have a positive impact on diabetes self-management.
Standard self-management for patients with diabetes could therefore be supplemented by apps and digital interventionsto increase
patients' skills. Severa initiatives, models, and frameworks suggest how health apps and digital interventions could be evaluated,
but there are few standards for this. And although there are many methods for evaluating apps and digital interventions, a more
specific approach might be needed for assessing digital diabetes self-management interventions.

Objective: This review aims to identify which methods and criteria are used to evaluate apps and digital interventions for
diabetes self-management, and to describe how patients were involved in these evaluations.

Methods: We searched CINAHL, EMBASE, MEDLINE, and Web of Science for articles published from 2015 that referred
to the evaluation of apps and digital interventions for diabetes self-management and involved patients in the evaluation. We then
conducted a narrative qualitative synthesis of the findings, structured around the included studies’ quality, methods of evaluation,
and evaluation criteria.

Results: Of 1681 articlesidentified, 31 fulfilled the inclusion criteria. A total of 7 articles were considered of high confidence
in the evidence. Apps were the most commonly used platform for diabetes self-management (18/31, 58%), and type 2 diabetes
(T2D) was the targeted health condition most studies focused on (12/31, 38%). Questionnaires, interviews, and user-group
meetings were the most common methods of evaluation. Furthermore, the most evaluated criteria for apps and digital diabetes
self-management interventions were cognitive impact, clinical impact, and usability. Feasibility and security and privacy were
not evaluated by studies considered of high confidence in the evidence.

Conclusions: There were few studies with high confidence in the evidence that involved patients in the evaluation of apps and
digital interventions for diabetes self-management. Additional evaluation criteria, such as sustainability and interoperability,
should be focused on more in future studies to provide a better understanding of the effects and potential of apps and digital
interventions for diabetes self-management.

(J Med Internet Res 2020;22(7):18480) doi: 10.2196/18480
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Introduction

As the number of people with diabetes continues to rise
worldwide [1], the need to increase patients' self-management
skills is crucia to improve clinical outcomes and reduce
health-related costs [2,3]. Thereis growing evidence that apps
and digital interventions such as websites (web), social media,
and other online services have a positive impact on diabetes
self-management  [4-12], suggesting that  standard
self-management could be supplemented by digital interventions
to aid and improve patients' skills[4-12]. While some appsand
digital interventions have benefited patients, not all of them
seem to be based on research, and some of these digital
interventions could even compromise the safety of patientswith
diabetes [13].

To improve diabetes self-management with apps and digital
interventions, the World Health Organi zation and the European
Commission [14,15] deem it necessary that the available apps
and digital interventions are accurate and reliable. Several
initiatives, models, and frameworks suggest how some of these
apps and digital interventions could be evaluated [16-19]. These
approaches commonly name background information, privacy
and security, evidence on the provided information, ease of use,
or interoperability as issues that need to be addressed [16-18].
Regarding how to evaluate these criteria, several methods of
different complexity have been proposed. Theseincludesimple
guestions to be answered by health care professionals (HCPs)
and patients, whereas more complex methodology approaches,
such aslaboratory-based testing, field testing, and N-of-1 design,
are used by researchers [18,20]. Although the aforementioned
issuesarerelevant for diabetes self-management appsand digital
interventions, a more specific approach is needed for assessing
the growing number and rapidly changing functionalities of
these digital diabetes self-management interventions.

Another relevant issue is who should be involved in these
evaluations. As patients are often required to make critical
decisions based on their own generated health information [21],
people with diabetes should be involved in these evaluations.
However, a previous assessment of digital health interventions
demonstrated limited consideration of user perceptions, and
also that of health care personnel [22].

In this systematic review, we identify the specific methods and
evaluation criteria that were used to assess apps and digital
interventionsfor diabetes self-management. We al so report how
patients were involved in these assessments.

Methods

This review followed the PRISMA approach [23], and its
systematic review protocol is registered in PROSPERO
(Registration number: CRD42018115246).

Data Sources and Search Strategy

We performed a single data search in June 2018. The search
strategy covered all studies that assessed diabetes
self-management apps and digital interventions, involved
patients, and were published in English after 2015. We chose
ashort search period to get arapid overview of the most recent
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methods and evaluation criteria. The search strategy covered
the following databases: CINAHL, EMBASE, MEDLINE, and
Web of Science. The full search strategy is available in
Multimedia Appendix 1.

Inclusion and Exclusion Criteria

Weincluded articlesfor review if they were (1) primary studies
referring to the evaluation of apps or digital interventions for
diabetes self-management; and (2) involved patients in the
eva uation.

Article were excluded if (1) the evaluation only measured
medical values (ie, weight, glycated hemoglobin [HbA, ], blood
glucose); (2) it was not aprimary study; (3) it did not focus on
apps or digital interventions for diabetes self-management; (4)
the full-text was not available; (5) it was not a peer-reviewed
publication; (6) it was not in English; or (7) it was published
before 2015.

Eligibility and Data Collection Procedure

We uploaded all references captured by the search strategy to
Rayyan and EndNote and removed duplicates. The dligibility
of the articles was assessed in two stages. In the first stage, 2
independent reviewers (PR and EG) examined all titles and
abstracts. Eligibility doubts were discussed and agreed with a
third and fourth reviewer (KA and EA). In the second stage, the
full texts of the selected articles were carefully examined by 2
independent reviewers (PR and EG) to confirm their eligibility.

Two reviewers (PR and MB) independently extracted and
recorded the data from these articles on an Excel spreadshest
(Microsoft). We extracted the following information from each
article: type of platform, targeted health condition, study
population, methods of evaluation, and evaluation criteria.
Incongruences with the data extraction were discussed among
the research group.

Confidencein the Evidence and Risk of Bias
Assessment

Two reviewers (EG and KA) assessed the confidence in the
evidence and risk of bias of the articles. We used an approach
based on the CERQual guidelines[24] to assess the confidence
in the evidence of the qualitative primary studies, by evaluating
their methodological limitations, relevance, and adequacy. We
followed the GRADE guidelines[25] to assess mixed-methods
studies, quantitative studies, and randomized trials.

Strategy for Data Synthesis

We provide anarrative qualitative synthesis of the findingsfrom
the included articles, structured around confidence in the
evidence and risk of hias; type of platform (apps, web, or
multiplatform [ie, =2 types of platform delivering the same
intervention in a study]); targeted health condition (type 1
diabetes [T1D], T2D, gestational diabetes mellitus, both T1D
and T2D, and unspecified diabetestype); methods of evaluation
(questionnaires, interviews, user-group meetings, health
measures, system usage analysis, or other); and evaluation
criteria (usability, clinical impact, cognitiveimpact, behavioral
impact, feasibility, engagement, acceptability and acceptance,
or security and privacy).
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Results

Identified and Included Studies

The search strategy resulted in 1681 articles. After removing
duplicates, 967 articles remained. In the abstract screening, we
excluded 910 articles in accordance with one or more of the
exclusion criteria. A total of 57 articleswere digiblefor full-text

Figurel. PRISMA flowchart of the selection procedure.
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screening, 26 of which were excluded (see M ultimedia A ppendix
2). A total of 31 articleswere eventually included in the review
[26-56] (see Multimedia Appendix 3). The PRISMA diagram
in Figure 1 summarizes the selection process. The confidence
in the evidence was considered high in 7 articles
[27,33,36,43,51,52,54]; moderate to high in 1 [56]; moderate
in 17 [26,28-32,35,37,39,41,42,45,46,48,49,53,55], and low in
6 [34,38,40,44,47,50].

Study Population

The 31 articles in this review included evaluations from 3689
participants. The number of participants in each study ranged
from 7 [41,50] to 1041 [43]. In addition to including patients
with diabetesin their eval uations, some of the studies expanded
the participant group to include HCPs (8/31, 26%)
[26,27,29,37,42,48,53,56],  developers  (4/31, 13%)
[26,44,51,56], researchers (3/31, 10%) [29,38,44], informal
caregivers (eg, parents, family members) (4/31, 13%)
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[29,44,53,56], and others (including experts and other
unspecified individuals) (8/31, 26%) [26,29,32,37,38,48,55,56].

Type of Platform and Targeted Health Condition

Mogt of the 31 included studies evaluated interventions delivered
via apps (18/31, 58%) [29-34,36-39,41,46-49,52,54,56],
followed by web (9/31, 29%) [27,28,35,43,45,50,51,53,55] and
multiplatform (4/31, 13%) [26,40,42,44]. In the studies that
conducted a randomized controlled trial, the self-management
platform was the main mode of intervention compared with a
standard paper diary [33], the intervention plus counseling via
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telephone call [54], and a plain text version of the web
intervention [43] as opposed to an interactive version. In
addition, the same intervention was referred to by some of the
studies: Young with Diabetes app [29,36], My Diabetes My
Way [30,55], and WellDoc [31,50]. The evaluated digital
self-management interventions targeted mostly 72D (12/31,

Larbi et &

38%) [27,31,32,34,43,46-51,54], followed by T1D (7/31, 23%)
[29,33,36,40,41,44,56], unspecified diabetes type (5/31, 16%)
[26,37,39,53,55], gestational diabetes mellitus (4/31, 13%)
[35,38,45,52], and T1D and T2D (3/31, 10%) [28,30,42] (Figure
2).

Figure 2. Distribution of types of platform and targeted health conditions among included articles (n=31).
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Identified Evaluation M ethods

The methods of evaluation were grouped into 6 categories:
guestionnaires, interviews, user-group meetings, health-related
measures, system usage analysis, and other measurements. We
also identified 20 specific methods that were either used once
or multiple times by the studies during the evaluation process.

The interrater agreement for the methods of evaluation was
found to be k=0.550, which represents a moderate agreement
[57]. A summary of the specific methods of evaluation and
studies that used them is presented in Table 1.

Questionnaires were the most common method used to evaluate
diabetes self-management apps and digital interventions (21/31
studies, 68%) [29-40,42,43,45,46,50,51,54-56]. Standardized
guestionnaires were the most frequently used: 16 in total, each
used one or multiple times among 13 studies
[31,33-36,38,40,42,43,45,50,51,54]. The second most common
method of evaluation was interviews (13/31 studies, 42%)
[28,29,31,32,35,36,38,45,48,49,52,53,56], mainly semistructured
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interviews, which were used 14 times in 11 studies
[28,31,32,35,36,45,48,49,52,53,56] . Other methods of eval uation
that were identified in the included studies were user-group
meetings (11/31, 35%) [26,27,29,37,40-42,45,47,48,56],
health-related measures (9/31, 29%)
[31,33,36,42,45,49,51,54,55], system usage analysis (8/31, 26%)
[29,34,35,42,43,45,51,54], and other measurements (7/31, 23%)
[26,37,38,44,48,51,55]. Table 1 summarizes the specific
methods of evaluation, the number of timesthese methodswere
used, and the number of studies that employed these methods.

Among the 7 studies considered of high confidence in the
evidence, the evaluations of the apps and digital diabetes
self-management interventions were based mostly on
standardized questionnaires [33,36,43,51,54], medica tests
[33,36,51,54], and usage log analysis [43,51,54], followed by
author-created questionnaires[43,51], semistructured interviews
[36,52], focus groups [27], self-reported health measures [33],
self-reported usage [43], alphatesting [51], and other oral and
written feedback [51].

JMed Internet Res 2020 | vol. 22 | iss. 7 | €18480 | p. 4
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Specific methods of evaluation and studies that used them.
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Method of evaluation, specific type (n=times used), and details Reference(s)
Questionnaires
Standardized questionnaires (n=26)

Block Food Frequency Assessment [45]
Dietary Knowledge, Attitude, and Behavior Questionnaire [51]
Health Care Climate Questionnaire [36]
Paffenbarger Questionnaire [45]
Patient Enablement Instrument [43]
Patient Health Questionnaire-9 [50]
Patient Reported Diabetes Symptoms Scale [50]
Perceived Competence in Diabetes [36]
Problem Areasin Diabetes-5 [31]
Problem Areas in Diabetes [33,36,40,42]
RAND 36-Item Health Survey 1.0 [33]
Self-Efficacy for Diabetes Scale [50]
System Usability Scale [33-35,38,40,42]
The Health Education Impact Questionnaire [54]
The Service User Technology Acceptability Questionnaire [54]
36-1tem Short Form Survey [50]

Author-created questionnaires (n=20)

N/AZ
User-group meetings
Focus groups (n=9)
N/A
Workshops (n=7)
N/A
Interviews
Semistructured interviews (n=14)
N/A
Unspecified interview format (n=3)
N/A
System usage analysis
Usage log analysis (n=8)
N/A
Self-reported usage (n=2)
N/A
Think-aloud protocol (n=1)
N/A
Health-related measures
Medical tests (n=8)

[29,30,32,37-39,42,43,45,46,51,55,56]

[27,37,40-42,45,47]

[26,29,48,56]

[28,31,32,35,36,45,48,49,52,53,56]

[29,38]

[34,35,43,45,51,54]

[42,43]

[29]
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Method of evaluation, specific type (n=times used), and details Reference(s)
HbA 1. [31,33,36,45,49,51,54,55]
Fasting blood glucose [51]
Blood pressure and cholesterol [55]
Gestational weight gain [45]
Self-reported health measures (n=5)
Self-reported blood glucose [33,42]
Self-reported physical activity and nutritional habits [42]
Other measurements
Security assessment (n=1)
N/A [44]
Scenarios (nN=2)
N/A [37,38]
Cost-effectiveness (n=1)
N/A (55]
Alphatesting (n=1)
N/A [51]
Observation (n=2)
N/A [48]
Rating system (n=1)
Star rating [26]
Heuristics method (n=1)
Bertini’s mobile tool [37]
Anecdotal feedback (n=1)
Open text review [26]
Other oral and written feedback (n=2)
N/A [44,51]

3NI/A: not applicable.
Identified Evaluation Criteria

Theevaluated criteriawere grouped into 8 categories. usability,
clinical impact, cognitiveimpact, behavioral impact, feasibility,
engagement, acceptability and acceptance, and security and
privacy. The included studies evaluated one or several of these
identified criteria. Theinterrater agreement (k) for the evaluation
criteria was found to be 0.563, which represents a moderate
agreement [57].

Among the 7 studies considered of high confidence in the
evidence, the most commonly evaluated criteria were clinical
impact [33,36,51,54], cognitive impact [33,36,43,54], and
engagement [43,51,54], followed by usability [33,51], behaviora
impact [33,51], and acceptability and acceptance[51,54]. None
of these studies considered of high confidence evaluated
feasibility or security and privacy.
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Qualitative and mixed-method studies that used thematic
analysis in their evaluation focused mostly on usability as an
evauation criterion. Three of the studies considered of high
confidence in evidence were qualitative and mixed-method
studies. Of these, 2 evaluated cognitive impact [36,52] and
usability [27,52], and 1 evaluated engagement [36].

Figure 3 shows the number of studies that used each of the
specific methods to eval uate the identified criteria. It illustrates
that several methods were used to evaluate one criterion in a
single study. Likewise, some studies evaluated several criteria
using one or more of the identified methods of evaluation. For
example, of the 31 included studies, 9
[31,33,36,40,42,43,45,50,54] evaluated cognitive impact using
standardized questionnaires.
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Figure 3. Number of studies using the various methods of evaluation and evaluation criteria. Blank boxes (NaN): No studies within this category.
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Discussion Specific Evaluation Criteria and Diabetes Patients

Summary of the Findings

Thisreview aimed to identify the existing methods and criteria
used to assess apps and digital diabetes self-management
interventions that involved patientsin their evaluations. A total
of 31 articles were included in the review, 7 of which were
considered of high confidence in the evidence
[27,33,36,43,51,52,54]. More than half of the studies (18/31,
58%) focused on the evaluation of apps for diabetes
self-management, and 12 of the 31 studies addressed T2D. The
most commonly used methods of evaluation were
guestionnaires, interviews, and user-group meetings. The most
used evaluation criteriato assess apps and digital interventions
for diabetes self-management were cognitive impact, clinical
impact, and usability.
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Assessment

In our review, we have found that studies dealing specifically
with appsand digital interventionsfor diabetes self-management
focus on the evaluation of more technology-related and users’
interaction aspects (ie, acceptability and acceptance, and
engagement). In addition, these studiesfocus on theimpact that
these digital self-management interventions have on the
individual. Behavioral impact, cognitive impact, and clinical
impact were used as relevant criteriafor assessing all types of
digital interventionsfor diabetes self-management. It isvital to
measure the interventions' impact on their users because those
that have shown benefits related to behavioral, cognitive, and
clinical impact could reduce health-related costs [2,3].

Evidence shows that involving individual s in the assessment of
different health interventions has a positive impact on health
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[58]. We found few articles (n=31) in this review that involved
patients in the evaluation of apps and digital interventions for
diabetes self-management. The evaluations in which patients
were involved in mostly focused on usability and cognitive
impact. Evaluation criteria that could measure patients
continuous use of these apps and digital interventions for
self-management could supplement both their qualitative
responses and the more static traditional and clinical criteria
Thisis an opportunity for improvement, as none of the studies
inthisreview evaluated the same criterion using both qualitative
results from patients and quantitative measures.

Involving patients with diabetes in assessing apps and digital
self-management interventions, and obtaining their feedback
regarding additional evaluation criteria could also increase our
knowledge about the features that support engagement with
these technologies. This could also help create better digital
health interventions that encourage more continuous and
effective use [59]. The most common methods of evaluation
with the patientswere questionnaires, interviews, and user-group
meetings. Simple methods such as these elicit the opinion and
perceptions of users, as well as encourage them to critically
analyze self-management apps and digital interventions.
Therefore, such methods should be used in conjunction with
complex methods used by researchers and devel opers [18,20],
especially to measure the same criterion.

Improving Reported Evaluations of Digital
Interventions for Diabetes Self-M anagement

Apps and digital health interventions have evolved quickly.
Yet, compared with other sectors, the health industry seems to
be behind with regard to digitalization [60]. Currently, most
apps and digital interventions for self-management are not
recommended as part of thetreatment plan, maybe becausetheir
design and development do not take into consideration
sustainability [61]. In fact, digital health interventions rarely
advance beyond a pilot phase [62,63], or the duration of an
intervention study.

In 2016, the mobile health (mHealth) evidence reporting and
assessment checklist was developed by the World Health
Organization to hel p with reporting evidence of the effectiveness
of mHealth interventions [64]. The checklist recommended
reporting on items that touch on sustainability, scalability, and
transparency, such asinfrastructure, interoperability, contextual
adaptability, and replicability, which we still see are not much
focused on in today’s studies. Future studies should also
consider these evaluation criteria in addition to gender and
equity issues associated with the use of apps and digital
interventions for diabetes self-management.

Evaluation reportsfor appsand digital interventionsfor diabetes
self-management must be standardized, as recommended by
the CONSORT-EHEALTH guidelines for reporting digital
health interventions [65]. The lack of standardization made it
challenging to compare studies as different authors used
different terminol ogiesto describe the same eval uation criterion.
For example, one study [37] used the term heuristics eval uation,
which was grouped under usability because it evaluated
measures such as the visibility of app status, ease of input, and
readability. Likewise, another study [32] evaluated satisfaction,
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which falls under usability because it evaluated among others,
visual attractiveness and ease of use.

As electronic health (eHealth) research is a multidisciplinary
field, we assume that the authors chose these terms based on
the various educational or professional backgrounds and the
corresponding target audiences. By following the World Health
Organization classification of digital health interventions [66],
terminologies related to the evaluation of apps and digital
interventions for diabetes self-management could be
standardized to facilitate straightforward interpretation and
aggregation of research evidence.

Association Between M ethods Used and Criteria
Evaluated

In our review we have found that there was an almost even split
of studiesthat used standardized questionnaires, author-created
guestionnaires, and semistructured interviews to evauate
usability. Our results are to some extent in line with the findings
of a previous review that found that usability was mainly
assessed though polls and questionnaires [67]. The usability of
adigital self-management interventioniscrucial toits successful
adoption, its acceptance, and the individual’s engagement with
it. Inaddition, we found that cognitive impact was often assessed
not only through standardized questionnaires, but also through
semistructured interviews.

Comparing the methods for the evaluation of usability with
those for the evaluation of cognitive impact, we identified that
it was more common to use author-created questionnaire for
usability. A possible explanation might be the wide variety of
intervention delivery platforms (eg, different types of appsand
online resources) that might create different evaluation needs
not captured in existing standardized usability questionnaires.
Another explanation might be the different research traditions
in different disciplines. Usability might be more often aconcern
of computer science researchers, whereas cognitive impact a
concern of health researchers and professionals.

Finally, health outcomes were almost exclusively evaluated by
medical tests, showing the preference of health researchers and
professionalsin using standardi zed teststo determine theimpact
of digital interventions. Several other methods can be used to
evaluate multiple criteria; however, depending on the aim and
the type of study, researchers must endeavor to exhaust all
available methods to ensure consistency of results.

Feasibility of Using Digital Self-M anagement
Interventionsin Clinical Wor kflow

Although most appsand digital health interventions areintended
for self-management, some of them also provide access to the
health care system, such as communication with HCPs and
electronic health journals. The reviewed studies consistently
reported that this is in response to patients' interest in being
able to contact their HCPs or share results (eg, their blood
glucose results with their health care team). This was the case
not only within our review [35,36,42,44,47,48,56] but also by
industry research groups[68,69]. Thisimpliesthe potential and
expectation for further involvement of HCPsin patients’ use of
apps and digital interventions for diabetes self-management.
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Several studies, including many in this review, have shown that
involving HCPs in digital interventions is associated with
improved self-management of diabetes and the success of these
interventions [31,48,49,52,70-72]. Therefore, studies focusing
on apps and digital interventions for diabetes self-management
should evaluate the possibilities of effortlessly integrating these
interventions in the workflow of HCPs—the connection and
interaction with electronic health journals and other existing
health information systems. Such an integration can be achieved
by evaluating the infrastructure needed for digital
self-management interventions [64].

Limitationsand Strengths

The search for articles covered a short period (2015-2018) and
focused on articles published in the English language. Therefore,
we may have missed relevant studies that reported additional
evauation methods or evaluation criteria. Our interrater
agreement of the data extraction was only moderate; however,
all incongruences were discussed among the research group.
Our findings have provided a useful overview of the recent
evaluation methods and criteria that researchers are using to
assess current apps and digital interventions for diabetes
self-management. Furthermore, our review included both
guantitative and qualitative studies which provided a better
characterization of different evaluation methods and criteria
that are being used to assess digital diabetes self-management
interventions.
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Conclusions

There are only few studies that involved patients in the
evaluation of apps and digital interventions for diabetes
self-management, and even fewer still considered of high
confidence in the evidence. The most common evaluation
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meetings, whereas evaluation criteria were cognitive impact,
clinical impact, and usability. Studies with high confidence in
the evidence did not evaluate feasibility or security and privacy,
neither were patientsinvolved in evaluating the latter criterion
which was evaluated in only 2 [29,44] of the included studies.

It isimportant to the successful implementation and continuous
use of apps and digita interventions for diabetes
self-management that patients are involved in evaluating every
criteria. Inthat way, they can contribute to the development and
modification of these digital interventions to better meet their
specific self-management needs. Furthermore, the methodsand
criteria evaluated in digital diabetes self-management
interventions should be expanded to assess and ensure
sustainability and interoperability. In addition, studies should
evaluate the association between cognitive, clinical, and
behavioral impact of these apps and digital interventions, and
health-related costs for individuals with diabetes. This could
help improve health care associated with the management of
diabetes and promote the incorporation of apps and digital
interventions for self-management in the services provided at
health care facilities.
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