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Abstract

Background: The prevalence of diabetes is increasing and with the requirements for self-management and risk of late
complications, it remains a challenge for the individual and society. Patients can benefit from support from health care personnel
intheir self-management, and the traditional communication between patients and health care personnel is changing. Smartphones
and apps offer a unique platform for communication, but apps with integrated health care personnel communication based on
patient data are yet to be investigated to provide evidence of possible effects.

Objective: Our goal was to systematically review studies that aimed to evaluate integrated communication within mobile apps
for tailored feedback between patients with diabetes and health care personnel in terms of (1) study characteristics, (2) functions,
(3) study outcomes, (4) effects, and (5) methodological quality.

Methods: A systematic literature search was conducted following our International Prospective Register of Systematic Reviews
(PROSPERO) protocol, searching for apps with integrated communication for persons with diabetes tested in a controlled trial
in the period 2008 to 2016. We searched the databases PubMed, Medical Literature Analysis and Retrieval System Online
(MEDLINE), Cumulative Index to Nursing and Allied Health Literature (CINAHL), Cochrane Central, Excerpta M edica database
(EMBASE), Clinical Trials.gov, and the World Health Organization (WHO) International Clinical Trials Registry Platform. The
search was closed in September 2016. Referencelists of primary articlesand review paperswere assessed. The Preferred Reporting
Itemsfor Systematic Reviews and Meta-Analyses (PRISMA) guidelineswere followed, and we applied the Cochrane risk of bias
tool to assess methodological quality.

Results. Weidentified 2822 citations and after duplicate removal, we assessed 1128 citations. A total of 6 paperswereincluded
in this systematic review, reporting on data from 431 persons participating in small trials of short duration. The integrated
communication features were mostly individualized as written non—real-time feedback. The number of functions varied from 2
to 9, and blood glucose tracking was the most common. HbA ;. was the most common primary outcome, but the remaining reported
outcomes were not standardized and comparable. Because of both the heterogeneity of the included trials and the poor
methodological quality of the studies, a meta-analysis was not possible. A statistically significant improvement in the primary
measure of outcome was found in 3 of the 6 included studies, of which 2 were HbA ;. and 1 was mean daytime ambulatory blood
pressure. Participantsin theincluded trial sreported positive usability or feasibility postinterventionin 5 out of 6 trials. The overall
methodological quality of the trials was, however, scored as an uncertain risk of bias.

Conclusions: This systematic review highlights the need for more trials of higher methodological quality. Few studies offer an
integrated function for communication and feedback from health care personnel, and the research field represents an area of
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heterogeneity with few studies of highly rigorous methodological quality. This, in combination with alow number of participants
and a short follow-up, is making it difficult to provide reliable evidence of effects for stakeholders.

(J Med Internet Res 2017;19(6):€227) doi: 10.2196/jmir.7045
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Introduction

About 415 million people have diabetes globally, and
management of diabetes and its complications remains a global
health emergency that already accountsfor 12% of global health
expenditure [1,2]. Diabetes' impact is related to micro- and
macrovascular complications[3,4] aswell asdeteriorated quality
of life and increased rates of depression and anxiety [5,6]. The
mobile health (mHealth) literature indicates that individuals
using mobile apps for self-management achieve positive health
outcomes[7]. Within the diabetesliterature, both beneficial and
adverse effects of mHealth solutionsfor self-management have
been discussed; in summary, apps may be feasible and
convenient for many but not all because of preferences,
economy, and health literacy [8-11]. Possible functions in
mobile appsincludeinteraction functions such as messages and
chatting with health care personnel (HCP); health-monitoring
functions such astracking blood glucose, weight, blood pressure,
and medication; lifestyle-monitoring functions like physical
activity and dietary habits; and educational functions supplying
information. In addition, tracking of psychosocial status using
patient-reported outcomes (PROS) is recognized as important
inimproving the understanding of living with a chronic disease
and quality of care[12,13]; however, thisfunction remainsrare
in apps for diabetes [14].

We argue that a key limitation of previousreviewsistheir lack
of specific focus on communication, despite the emphasis
Chomutare and colleagues [15] have placed on personalized
education and feedback. The possibility for patients and HCP
to review patient data within an app has been discussed
previously [9,11,16,17]; however, it has not been thoroughly
investigated. Thisis similar to a discussion we have had in our
previous research after testing amobile diabetes diary app with
or without telephone contact with a diabetes specialist nurse,
where the diabetes specialist nurse did not review any
patient-related data within the app [18-20]. Despite
encouragement, the participants did not discusstheir dataduring
their HCP consultations. Subsequently, some of our patients
emphasized that if HCP had monitored, reviewed, or given
feedback on their datathrough the app, the positive contributions
of their data tracking and health counseling might have been
greater (personal communication by Astrid Torbjgrnsen,
November 18, 2016). Further, our participants had ahigh disease
burden and an undebatable need for change [21], so their needs
were not met in our low-intensity intervention, and feedback
based on the individual patient data might have changed this.
In addition, Chomutare and colleagues [15] revealed a lack of
personalized feedback in the apps they reviewed in 2011, and
argued that this might be the missing link in diabetes
self-management supported by apps. In general, earlier reviews
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of mobile apps for diabetes self-management include both
reviews of apps available commercially evaluating mainly
content and user ratings [10,14,15,22] and reviews of research
and controlled trial sto investigate possible effects of apps[7,23].
To date, there seemsto be limited but encouraging evidence for
the effectiveness of such apps compared with usua care, but
the lack of rigorous research methodology is aweakness[9].

Within the research on technol ogy-supported sel f-management,
the effects of HCP communication via short message service
(SMYS), either aone or in combination with apps, have been
investigated and have demonstrated promising results in the
reviewed literature [24-26]. These effects might increase when
the communication function is integrated within the app.
Communication between patients and HCP based on individual
health data to support the self-management of diabetes may
produce improved health outcomes [27] such as increased
self-management skills [18,20], increased self-monitoring of
blood glucose and foot inspections, and decreased hemoglobin
A (HbA,) [28], as well as increased self-management and
sati sfaction with care with decreased diabetes distress and body
mass index (BMI) [29]. Further, this tailored communication
has been suggested to be a key preference among patients and
providers[9,15]. Several professions might beinvolved: primary
care physicians, diabetes specialist nurses, podiatrists,
endocrinologists, clinica nutritionists, and others. Earlier
research has suggested that alarmingly few patients attend
self-management programs [30], and travel distances, rural
areas, costs, and more might compromise the frequency of
face-to-face HCP consultations, where technology might be an
efficient aternative [8,23]. Receiving feedback on how to
self-manage could represent a better solution for the patient
than gathering data and reviewing them alone, and this would
make the app more valuable than a paper-based diary [8].
Patients are increasingly becoming consumers of health, and if
persons with diabetes prefer to communicate with their HCP
through an app, it remainsto be investigated whether appswith
tailored communication can support diabetes self-management.

Self-management interventions have traditionally been based
on theoretical frameworks, which are necessary to understand
change [31]. Further, there has been proposed a linearity
between applied theory and effect [32]. However, as mHealth
becomes more frequent, a lack of theoretical foundation has
been pointed out [8,9]. The goal of several apps is to help
promote behavior change, which supports the argument for
theory-based interventions. A recent review describes the need
for integrating cognitive behavioral therapy into apps for
diabetes, where the authors al so propose a framework to reach
this goal [33], which is an important step forward in
understanding behavior change supported by mHealth and
further increasing the quality of the apps.
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Research on mobile apps with an integrated, tailored
communication function is scarce, asthe app interventions often
include additional phone calls [34], SMS [35], face-to-face
meetings [36], group meetings, or some combination of these
[37,38] in addition to the mobile app itself. To the best of our
knowledge, results based on apps with integrated and tailored
communication alone have not been systematically summarized.
This review aims to address this knowledge gap by
systematically reviewing studies that aimed to evauate
integrated communication within mobile apps for tailored
feedback between patients with diabetes and HCP in terms of
(1) study characteristics, (2) functions, (3) study outcomes, (4)
effects, and (5) methodological quality.

Methods

Protocol and Registration

The review protocol [39] was registered in the International
Prospective Register of Systematic Reviews (PROSPERO)
[CRD42016038640] and was presented and discussed by the
first author inan oral conference presentation [40] in accordance
with the PROSPERO [41] and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocols
(PRISMA-P) [42,43].

Information Sour ces and Search

A systematic literature search was conducted according to the
PRISMA guidelines [44]. Medical literature published from
January 2008 was searched in January 2016, with an updated
search closed on September 23, 2016, using Medical Literature
Analysis and Retrieval System Online (MEDLINE) , PubMed,
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Excerpta Medica database (EMBASE),
Clinical Trials.gov, and the World Health Organization (WHO)
International Clinical Trials Registry Platform. We reviewed

Textbox 1. Search strategy applied in MEDLINE.
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reference lists of relevant reviews and studies, and we also
conducted hand searches in relevant journas of the field in
addition to studies based on tips from colleaguesin the field.

In collaboration with a librarian at the Odo and Akershus
University College of Applied Sciences and a librarian at the
University in Oslo, we organized a search strategy consisting
of the terms “mobile applications,” “cell phones,” “mabile
phones,” “smartphones,” “portable applications,” “mobile
technology,” “portable technology,” or “app.” These were then
combined with “diabetes mellitus’ and/or “diabetes mellitus
type 1" and/or “diabetes mellitus type 2" and/or “diabetic
ketoacidosis” The search strategy wastailored to each database
for optimal results (Textbox 1). The specific search strategy for
each database can be provided by the first author upon request.
We did not set a language limitation; however, we did set a
limitation on publication year to studies published from 2008,
as we decided technologies prior to 2008 were unlikely to be
mobile apps.

Eligibility Criteria

To be eligible, a study had to test a mobile app (softwarein a
smartphone) with an integrated communication function for
communication and/or feedback between patients and providers
based on individual patient data. I n thisreview, communication
is conceptualized as medically trained personnel providing any
kind of feedback based on patient data, being real time, chatting,
individualized algorithms, or individualized trend analyses. The
patient group had to have diabetes and be over the age of 16
years. Thetrialshad to have acontrol group, either randomized,
guasirandomized, or controlled clinical trial. We excluded trials
that were for the primary prevention of diabetes, those regarding
gestational diabetes, and those pertaining to a closed-loop or
artificial pancreas system, as we regard those individuals to be
unique in the way they perceive change and interact with HCP.

Search strategy:

1. Mobile applications/ (697)

2. Cell phones/ (5888)

3. (Smartphone* or smart phone* or mobile phone* or cell phone* or cellphone*).tw.kf (7888)
4. (Mobile adj3 application*).tw.kf (1077)

5. (Portable adj3 application*).tw.kf (276)

6. (Mobile adj3 technolog*).tw.kf (1322)

7. (Portable adj3 technolog*).tw.kf (161)

8.  (App or apps).tw.kf (15895)

9. Or/1-8 (26696)

10. Diabetes mellitug/ or exp diabetes mellitus, type 1/ or exp diabetes mellitus, type 2/ or diabetic ketoacidosis/ (246647)
11. Diabetes.tw.kf (386565)

12. 10 or 11 (448207)

13. 9and 12 (643)

14. Limit 13 to yr="2008-current” (565)
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Study Selection

Two reviewers (HH and LR) independently reviewed al the
titlesand/or abstracts from the search. We applied our inclusion
and exclusion criteriaset apriori. For possibly eligible studies,
afull text copy was retrieved and reviewed independently by
HH and L R. Discrepancies were resolved by discussion or with
the involvement of a third reviewer (AKW). Authors were
contacted consecutively to clarify study design and determine
whether theintervention was an app with integrated and tailored
communication and no additional communication components.
We sent one reminder to the nonresponders.

Data Extraction

Data were extracted for all eligible studies using a structured
form that included descriptive information, type of design,
outcomes, and follow-up with results and dropouts, as well as
any dataregarding atheoretical framework or aguideline-based
approach in the app development or feedback process of the
intervention. Onereviewer (HH) performed the extraction, while
a second reviewer (LR) performed quality assurance and
checked that correct information was collected.

Figure 1. Flowchart.
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The baseline characteristics of the included trials are reported
as means from the original papers and as weighted means to
summarize overall sample characteristics of this systematic
review. When a weighted mean is given, a median is not
reported as there were small discrepancies between weighted
means and medians.

Outcomes

In this systematic review, we reviewed diverse health outcomes
(physical and psychosocial) used as both primary and secondary
outcomes.

Quality Assessment

Theinformation reported in each article was used to assess the
methodological quality of each study using the Cochrane
methodology for risk of systematic bias (ROB) [45]. The ROB
scoring was performed individually by 3 researchers (HH,
AKW, and LR) and discussed to achieve consensus. To
systematize the risk scores, Review Manager (Cochrane
Community) was used.

http://www.jmir.org/2017/6/e227/
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Results

Summary

A total of 2822 paperswereidentified during the search (Figure
1). After the removal of 1694 duplicates, the remaining 1128
citations were screened through title and/or abstract, and we
removed 913 citations because they clearly did not meet our
inclusion criteria. The full text of the remaining 215 citations
wasthen obtained to clarify their study details, and we contacted
22 authors to clarify that their intervention consisted of an app
with integrated and tailored communication and no additional
contacts. Of the 22 authors we contacted, 18 responded
immediately, 1 responded after a reminder, and 3 requests
remained unanswered after 1 reminder. The corresponding
citations were excluded from the review. After the termination
of the search, 6 citations [46-51] were included in this review.
The main reasons for exclusion were research related to the
prevention of diabetes, mobile apps without communication,
and other mediaused for communication including email, phone

Table 1. Study characteristics.

Holmen et d

cals, and SMS (texting). Several studies were identified that
had an intervention consisting of a mobile app with
communication, while some of these had additional contacts
by telephone, Web, or face to face and were therefore excluded
[34-38].

Study Char acteristics

The included studies were heterogeneous in study procedures
and design (Tables 1 and 2); 4 used a randomized controlled
trial (RCT) design, of which 1 wasapilot study. One study used
a matched, controlled design, and 1 study randomly selected
participants before assigning them into 2 groups. A total of 3
of the studies were conducted in Asia, (ie, Japan [50], China
[51], and Korea [47]), 1 in the Democratic Republic of Congo
[49], 1in Canada[48], and 1 wasamulticenter study conducted
in 3 European countries [46]: Italy, Spain, and the Czech
Republic. The papers were published between the years 2012
and 2016. Usual care was not described in detail in any of the
included studies.

Study Year Country Randomization Allocation Dropouts
n (%)
Fioravanti [46] 2015 Czech Republic, Italy, Spain Not described Unclear 3(5.6)
Kim [47] 2014 Korea Matched control design, not randomized Unconcealed 3(7.9?2
Logan [48] 2012 Canada Block randomization using blocks of 4 and 6 Unclear 6 (5.5)
Takenga [49] 2014 Congo, Germany Not described Unclear 9(22.5)
Waki [50] 2014 Japan Not described Unclear 5(9.3)
Zhou [51] 2016 China Random number table Unclear NAP
@Dropout only from the intervention group.
BNA: not available.
Table 2. Trial design.
Study Patients  Intervention group Control group Duration M easurement
included times
Fioravanti [46] 52 METABO app, chatting and message functionwith HCP®  Usual care 1 month Basetlri]ne and1
mon
Kim [47] 70° Mobile smartcare app, weekly feedback from HCP, Matched controls from 3 months Basdlineand 3
warnings when hypos registered, and reminders electronic medical records months
Logan [48] 110 Real-time self-management messagesbased on care paths  Tele monitoring without 12 months Basedline and
of averages of transmitted blood pressure readings messages 12 months
Takenga [49] 40 MobilDiab app, feedback and messages from HCP Usual care 2 months Baselineand 2
months
Waki [50] 54 Dialbetics app, feedback based on patient data and Usual care 3 months Basglineand 3
guidelines months
Zhou [51] 100 Welltang app, weekly feedback, and upon patient-request Usual care, monthly 3 months Basglineand 3
months

& ncluded N=54, numbers given for N=51 completers.
PHCP: hedlth care personnel.
CIncluded N=73, numbers given for N=70 completers.
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Table 3. Participant characteristics at baseline of included trials, N=6.
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Age Gender Typeldiabetes Type2diabetes  Duration of diabetes  ppa, 2 BMmIP
(mean years) (mae/female) (mean years) (mean %) (meen kgz)
Fioravanti [46] 48 0¢ 36/15% 29° 224 20.04 7.9° 25.7
N=51°
Kim [47] 52.8 40/30 0 70 11.8 7.7 25.0
N=70°
Logan [48] 62.9 61/49 NAT NA NA 74 309
N=110
Takenga [49] 53.3 29/11 NA NA NA 8.6 NA
N=40
Waki [50] 57.2 41/13 0 54 9.0 7.0 26.7
N=54
Zhou [51] 54.2 57/43 18 82 6.6 9.8 23.0
N=100

8HbA 1 hemoglobin A ;.

bBMmI: body mass index.

CIncluded N=54, numbers given for N=51 completers.
dProvided upon request.

€I ncluded N=73, numbers given for N=70 completers.
NA: not available.

Participants

Overdll, the 6 trialsreported data from 431 participants as shown
in Table 3, with a sample size varying from N=40 to N=110
and a median of 64 participants. One tria did not give any
demographic data in the origina article [46]; however, the
author provided thisinformation upon request. A total of 2 trials
did not report any data regarding their total of n=6 dropouts
[46,47]. Overall, 47 participants were specified to have type 1
diabetes and 228 type 2 diabetes, while 2 studies [48,49] did
not specify type of diabetes for their combined total of 150
participants. Wei ghted mean age was 55.8 years, including 264
malesand 160 femal es. Duration of diabeteswas provided upon
request from one trial [46], and reported in 3 papers, giving a
weighted mean of 11 years[47,50,51]. HbA . was collected in
all trials [46-51] with aweighted mean of 8.1%, and BMI was
reported in 4 papers [46,47,50,51] and provided by 1 author in
an email, giving aweighted mean BMI of 26.5 kg®.

Functions of the Mobile Apps

The mobile apps used in the included studies varied in their
form and functions (Table 4), and atheoretical foundation was
largely lacking.

The feedback used was either automatic or manual feedback,
both tailored, and 4 apps also offered direct messages from the
patient in free text. A total of 3 studies had automated
individualized feedback consisting of text tailored to the
participant baseline data and their current readings [46,48,50].
One of these had the participant data evaluated according to
diabetes treatment guidelines [50], a second study had an

http://www.jmir.org/2017/6/e227/

additional message function [46], while athird had no additional
feedback or messages [48]. The other 3 studies had
individualized feedback given directly by the physician [49],
medical staff [47], or the study team [51], and 2 of these had
an additional message function for questionsin freetext [49,51].

The MobilDiab study had therapy plans, instructions, and
recommendations sent by the physician in the app [49]. The
Welltang app offered answers to questions within the day in
addition to weekly or fortnightly feedback [51]. The METABO
app [46] had both the app and the content of messagestailored
to the type of diabetes: those with type 2 diabetes had a less
complex app and received more persuasive messages; patients
could also turn off alertsthey did not want to receive and tailor
the timing of the messages. DialBetics was an extensive app,
consisting of automatic transfer of data and feedback based on
blood glucose readings, diet, blood pressure, physical activity,
and weight, where the users received immediate feedback based
on every registration in the app, evaluated following the
Japanese Diabetes Society guidelines [50].

A total of 2 apps had critical aerts sent to the patients if their
entered readings were outside preset thresholds [46,51]. In
MobilDiab, the physiciansreceived an alert if emergency values
were recorded and they instructed the patient [49], while in
DialBetics, any readings outside preset thresholds triggered an
alert sent to the study team [50]. A total of 3 apps aerted
patients when they missed readings[48,50,51] and afourth had
automatic alerts regarding hyperglycemia; the medical team
called the patient if they recorded a hypoglycemic value or if
they missed several readings [47].
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Table 4. Functions of the mobile apps.
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Study Communication Blood glucose  Diet Blood pressure  Medication Physical activity =~ Weight
Fioravanti [46]  chat with HCP? messages Manual input Manual Manual input Manual input  Manua input Manual input
and individualized automated Input
feedback according to the
TT™MP
Kim [47] Messages and individualized Manual input ~ — Manua input  — — —
feedback
Logan [48] Individualized automated — — Bluetooth — — —
feedback
Takenga [49] Messages and individualized ~Automatic Manual Manual input Manual input  Manual input Manual input
feedback transfer and input
manual input
Waki [50] Individualized automated Automatic Voice, Automatic — Automatic trans- Automatic
feedback according to Japan  transfer text, or transfer fer of pedometer  transfer
Diabetes Society guidelines photo of or voice or text
meal
Zhou [51] Messages and individualized Manual input Manual — Manua input — —
feedback input

3HCP: health care personnel.
TTM: transtheoretical model stages of change.

The most frequent function besides communication was
registration of blood glucose; this was found in 5 apps. One of
the 5 offered automatic transfer [50] of blood glucose readings
from the meter to the app, while 3 had manual input of the
measured blood glucose[46,47,51]. One app had both: automatic
transfer from a specific glucose meter and manual input if the
patients used adifferent meter [49]. Blood pressure measurement
was offered in 5 of 6 apps, while diet and graphical trends of
measures were offered in 4 out of 6 apps. Tracking and
imputation of medication, levels of physical activity, and weight
were functions in 3 out of 6 apps, in addition to their diabetes
information functions. A total of 2 apps offered individual goal
setting: 1 offered a connection to continuous glucose monitors
and 1 had laboratory data in the app. None of the apps in the
included studies had psychosocial measures as afunction. The
number of functionsin addition to communication ranged from
2to9withamedian of 6 functions. In 3 of theincluded studies,
the intervention also consisted of a digital solution like an app
or aWeb page for the involved HCP [46,49,51].

Outcomes and Effects

Primary outcomes were specified in 5 trials, whereas 1 study
[49] did not specify the order of the outcomes (Table 5), and
various outcomes were used to evaluate the interventionsin the
individual trials.

HbA ;. was reported in 4 of the 6 included trials, and stated as
the primary outcome in 3 papers. A total of 2 papers [50,51]

http://www.jmir.org/2017/6/e227/

reported a significant decrease in the intervention groups
compared with the control groups, namely —0.4% and —1.95%,
while 2 trials reported no change between groups [47,49] and
the remaining 2 papers did not report change in HbA . as an

outcome [46,48].

Change in blood pressure as an outcome was reported
inconsistently using both systolic blood pressure (SBP), diastolic
blood pressure (DBP), and mean blood pressure among the
papers reporting blood pressure [47,48,50,51]. One paper
reported changes in mean daytime ambulatory SBP as the
primary outcome and found a significant decrease in the
intervention group compared with the control group [48]. A
total of 3 papers reported no significant change in either SBP
or DBP between the intervention and control groups[47,50,51],
while 2 papers reported no measures of blood pressure [46,49].

Regarding diabetes knowledge, there were no significant
differences between the intervention group and the control group
in 2 trials using this as an outcome [46,51], although neither
used validated measuresin their data collection.

Various assessments of usability and satisfaction were reported
[46,47,49-51] but common for all was the use of nonvalidated
and comparable questionnaires for this evaluation.

One paper reported a significant increase in depressive
symptoms using the Hospital Anxiety and Depression Scale
(HADS) in the intervention group [48].
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Table 5. Outcomes and effects of included studies.
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Eff
Study Outcome measures® edts
HbA, b Blood pressure  App-related  Other evaluations
Ic evaluations
Fioravanti [46] Feasibility (primary), acceptance, adherence, usage, NAC NA Feasible Increased medication
knowledge, glycemic control, quality of life adherence and dia-
betes knowledge in
intervention group
Kim [47] HbA 1¢ (primary), anthropometrics, satisfaction, comfort, Nochange  ggpdincreaseq |Ncreased NA
convenience, functionality inintervention  Satisfaction
group; not sig-
nificant be-
tween groups
Logan [48] Mean daytime ambulatory SBP (primary), antihypertensive  NA Significantde- NA Worsened HADS in
medication, HADSE, comfort with home BP measurement créase in mean Intervention group
daytimeambula
tory SBP
Takenga [49] HbA 1, mean blood glucose, usability, acceptance, efficien- Decreasedin  NA Positiveus- NA
cy, therapy satisfaction intervention ability
group
Weki [50] HbA 1 (primary), fasting blood glucose, BP, BMI9, LDL,  Significant  NA Positiveus-  NA
. ] o ~ decreasein ability
HDL , triglycerides, medication, self-management, usabil-  niervention
ity group
Zhou [51] HbA 1 (primary), blood glucose, LDL, weight, BR, hypo-  Significant ~ No change Positiveus-  Significant increasein
glycemia, satisfaction with diabetes care, usability of app, decreasein ability (di-  diabetes knowledge
diabetes knowledge, self-care intervention chotomous) and self-careinthein-
group tervention group

8Questionnaire not standardized unless stated otherwise.
BHbA 1c: hemoglobin A 4.

®NA: not available.

dspp: systolic blood pressure.

®HADS: Hospital Anxiety and Depression Scale.

"BP: blood pressure.

9BMI: body mass index.

PLDL: low density lipoprotein.

'HDL: high density lipoprotein.

Methodological Quality Assessment

Overall, the methodological quality as assessed by the ROB
[45] was dominated by uncertainty risk because of lack of
information in the included articles, as visualized in Figures 2
and 3. A lack of information in the publications was scored as
“uncertain,” while werated articles with sufficient information
according to the Cochrane ROB guidelines [45]. As Figure 2
shows, the overall risk of biasis greatest regarding performance
bias and selective reporting because of lack of blinding of the
intervention and lack of reporting outcomes apriori in databases
such as Clinical Trials.gov or publishing the research protocols.
“Other bias’ isthe domain with lowest risk, but several points
can be highlighted, including economic interests, patent
interests, and other factors influencing free research. We have,
however, no indication that such issues are present in our
included studies and have rated them low.

When we applied the ROB tool to our 6 papers, “unclear” was
given 18times, “high” wasgiven 11 times, and “low” wasgiven
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11 times, supporting an overall unclear ROB among theincluded
studies. Randomization procedures were reported insufficiently
in 3 papers[46,49,50], resulting in an unclear ROB, while Kim
and colleagues [47] had a matched control design and hence
had a high risk because the participants were fully aware of
their group. Blinding of participants and personnel was not
performed in 4 papers [47,48,50,51], leading to a high risk
according to guidelines, and not mentioned in 2 papers[46,49],
giving an unclear risk. Blinding of the outcome was performed
in 1 study giving alow risk of bias[48]. The 2 trials reporting
not having performed blinding of outcomes[50,51] were scored
as high risk, and the 3 papers [46,47,49] not mentioning this
were scored as unclear risks. The compl eteness of outcome data
was unclear in 4 of the 6 papers as there were inconsistencies
in reporting rates and reasons for attrition; 2 papers, however,
reported sufficient information and were given a low risk of
attrition bias. Selective reporting was assessed as high in all 5
trials not registered in a clinical trials database and uncertain
when this information was lacking. One study was registered
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low on reporting bias [51].

Figure 2. Risk of bias: review authors’ judgements about each risk of bias item presented as percentages across all included studies.
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Figure 3. Risk of bias summary: review authors' judgments about each risk of bias item for each included study.
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Discussion

Principal Findings

This systematic review describes the study characteristics,
functions, outcomes, effects, and methodological quality of
intervention trials studying apps for diabetes self-management
with a tailored and integrated HCP-patient communication
function. To summarize, the studies included in this review
represented a heterogeneous research area. The mobile app
communication functions integrated in the studied apps were

http://www.jmir.org/2017/6/e227/

RenderX

largely automated feedback from HCP, and the number of
additional functions varied from 2 to 9, of which blood glucose
registration was the most frequent. Statisticaly significant
effects were found in 3 of the 6 trials: 2 reported a decrease in
HbA . [50,51] and 1 reported a decrease in SBP [48]. The
unclear methodological quality of these few studies has
implications for the evidence from this systematic review. We
argue, however, that our paper has an important message
regarding the state of the research field, and it highlights the
need for more controlled trial s of higher methodological quality.
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We found only 6 controlled trials with apps offering integrated
communication functions, and SMS, phone calls, and
face-to-face consultations are still common in the mHealth
research field. From this rigorous yet wide systematic search,
we had anticipated a larger number of controlled trias
investigating mobile apps with individualized and integrated
feedback from HCP, as a 2011 review called for such research
[15] and the availability of hundreds of apps is frequently
highlighted [9,23]. Previous research has also discussed the
possibility of communication through a mobile app for health
purposes (eg, for collecting and analyzing health data) related
to the idea of one platform to serve all patient needs[7,11]. We
identified several appsthrough our search, but their interventions
were not in the scope of this review, with additional contacts
through either email, SMS, or phone calls [34-38]. Further, we
might have had a higher number of eligible trials if the search
had included other chronic conditions. However, as diabetes
self-management might be uniquely complex, including clinical
variables, we suggest that the results derived from such research
would have been of less value to the diabetes field.

Others have also discussed whether apps are less scientifically
tested than other medical solutions[9], possibly explaining the
low number of relevant scientific papersfor thisreview. It might
be difficult to commercialize an app involving HCP because of
the practicalities and high costs. Further, it is increasingly
recognized that apps should be regulated interms of their effect,
security, and privacy [9,23,52]. Currently, the US Food and
Drug Administration offers unbinding guidelines for their
regulation, approval, and clearance of apps, without the control
authority [53]. CE marking isfrequently applied in the European
countries, however, this is based on self-certification and
accounts for the health, safety, and environment protection
related to the app. A third regulation is the Health Insurance
Portability and Accountability Act (HIPAA), which pertainsto
the US national standards for electronic health, especialy
regarding devices that collect, store, or share identifiable data
with HCP. None of the current reviewed papers discussed these
regulations. Navigating these regulations, in addition to cost
and practicalities, might makeresearch inthisarealessattractive
because the real world demands cost effectiveness [23,47], an
outcome not covered by this review.

The studies included in this review include research from
Northern America, Europe, Asia, and Africa, and all have small
samples and short follow-ups. The longest follow-up was 12
months [48], whereas the rest had 1 to 3 months, possibly too
short to prove an effect as one author suggested [47]. As is
common in the area, the majority of the studies did not distinctly
separate type 1 and type 2 diabetes, except for one [46],
describing a less complex intervention for those with type 2
diabetes. We argue that although persons with diabetes
experience many of the same symptoms and must take the same
measures, it would have been of interest to investigate the 2
diabetes groups separately, as the psychological aspect and the
person’sinterest in change and self-management may differ.

The most common function besides communication appeared
to be self-monitoring of blood glucose, afunction in 5 of the 6
apps. Thisisnot surprising, as self-monitoring of blood glucose
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is found to lower HbA;. [54]. However, it is still debated
whether personswith type 2 diabetes benefit from blood glucose
measures [55]. Additional functionsare crucia, asan app should
offer more than the traditional paper diary [8]. It is aarming
that few devel opers of apps discuss behavior change theory or
treatment guidelines, even though the majority of available apps,
including thosein this review, aim to change behavior or habits
[15,22]. Treatment guidelines or behavior change theory should
guideintervention devel opment as both can increasethe quality
of the app [7,8,9], and possibly this is best achieved if
researchers from several fields work together (eg, health care
researchers and technological engineers). Further, a linearity
between behavior change theory and effects has been suggested
[32], and its use would strengthen all arguments regarding the
practical use of the app. One example may be the input of
values, where greater persona reflection is gained through
manual input [35]. However, manua input can be time
consuming and there is a larger risk of faulty input than with
automatic input. Aspointed out in 2 of the current trials[48,50],
tracking of blood pressure might reveal those with an
out-of-range blood pressure in need of medication that might
not beidentified in ageneral practitioner office visit. The same
argument is valid for monitoring blood glucose values: thus,
these 2 functions of blood glucose and blood pressure remain
important to reach the treatment goals for diabetes.

Another point of interest is that medication tracking was a
function in just 3 of the 6 apps [46,49,51], meaning that the
individualized feedback in the remaining 3 apps[47,48,50] does
not evaluate usage of medication that might be critical for the
patients. Nor was there tracking of psychological measuresin
the 6 trials we included. Measures of this kind are not much
used in apps for diabetes; however, they might provide useful
information for the patient and the provider [33]. For example,
depressive symptoms are asignificant risk in those with diabetes
[6]. Thereisaknown association between anxiety and self-focus
on bodily symptoms [48] that may be triggered by
self-monitoring of blood glucose, and this may support the need
for measures to reveal such symptoms as they can degrade
self-management and glycemic control.

Several outcomes were used to evaluate the apps’ ease of use
among the studies in this review: patient and/or HCP
satisfaction, degree of technical issueslike delay of datatransfer,
use of time, acceptance of feedback, and usefulness. However,
asnone of these used validated measures, the evidenceregarding
app-related evaluations such as satisfaction, acceptability,
usability, and feasibility as outcomesfrom this systematic review
is weak. These concepts will, however, remain important to
ensure that the apps are used and 1 paper highlighted the
association between use or satisfaction and effect [47]. AsKim
and colleagues[47] arguein their paper, awell-functioning tool
must be provided to increase use and satisfaction and to decrease
the risk of deteriorating glycemic control.

As a more standardized outcome, HbA ;. was reported in 4 of
the 6 trials in our systematic review, and this seems to be the
most common outcome in diabetes triads regardliess of
intervention. Whether HbA ;. isan appropriate outcomeintrials
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aiming for lifestyle change is a relevant question that we have
debated previously [18], as has Garabedian [23].

The current included trialsdid not report lifestyle measures such
as physical activity or dietary habits, making an evaluation of
their effect on lifestyle difficult. None of the studies reported
adverse events or safety as an outcome, except that Zhou et al
[51] reported that in their trial they were infrequent in both
groups. We regard the lack of focus on adverse events as an
important weakness asthereisarisk of hypoglycemia attached
to the use of apps because of possible changesin medication or
behavior.

A total of 3 studies found significant effects in their primary
outcomes: 1in SBP[48] and 2in HbA ;. [50,51]. Theremaining
3 studiesremained inconclusive. One possible explanation might
relate to the patients’ interest in data tracking and the recurrent
reminders of having a chronic illness. This leads back to the
identification of the individual’s interest in mHealth and also
that it might be useful for some, but not all. Attitudes and
intentions should be clarified for an app to be useful, regardless
of functions [56]. Both researchers and clinicians must
remember that patients often have limited interest in tracking
their health, and for the app to be useful, there should be some
clarification of the patients expectancies of the app, its
usefulness, and possible adverse events [57].

The overall methodological quality of the included trials was
low, with small samples and weak designs, which threatens the
generdizability and reliability of theresults. Thelack of detailed
description of the comparison group is a limitation among all
of theincluded studies, and although the national guidelinesare
often used to define usual care, we cannot evaluate the content
of the comparison group. Further, poor reporting of study details
made efficient evaluation difficult and important details
regarding group allocation, blinding, and preregistrationintrial
databases were unclear. Use of a standardized guideline for
reporting, such as eHealth Consolidated Standards of Reporting
Trials (eHealth CONSORT) [58], would have improved the
reporting significantly, supported by earlier research confirming
that adherence to such guidelinesislow in medical informatics
[59]. A pooled analysis was not possible because of the high
ROB and heterogeneous outcomes. The ROB domainsregarding
blinding have been discussed among the authors, as blinding
of such interventions is often difficult [60]; however, blinding
of the outcome studied should be possible. The authors have
discussed the domain “other” in ROB, and possibly reporting
according to the eHealth CONSORT [58] could improve the
reporting and evaluation of intervention trials. However, thisis
only applicable for randomized trials. A strength among the
studies was the low dropout rates, which must be considered
unusual compared with earlier research in thisfield [61].

Limitations

This review has some limitations. We performed a systematic
search using rigorous methods; however, as MeSH terms are
gtill new in the field of technology in health research, the use
of keywords might have contaminated our search. A 2014
consensus paper [62] stated that the term “app” should be used
before* application,” which might positively influence thefield
in the years to come but to date this is still not frequently
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applied. Our search had a high N, closely related to such
contamination. This review only assessed published trials, and
we cannot rule out any publication bias. Theinclusion of trials
in this review was demanding as the interventions often had
additional communication outside the scope of this review, but
we cannot provide accurate numbers on how many studies this
applies to, largely because of the heterogeneity among the
excluded trials and lack of resources to handle thisinformation
systematically. However, we argue that the heterogeneity of the
interventions represents the field and that there is still no
consensus regarding preferred communication with HCP.
Further, we did not assess the quality of the apps included in
the current trials, as this was not in the scope of our work, and
this might represent a limitation.

The application of the Cochrane ROB tool [45] may represent
a limitation, as this tool might not be applicable in pragmatic
technology trials, related to the previous discussion on blinding.
Another possible threat in interventions and trials evaluating
use of apps might be the less frequent usage of the app over
time. Because of the short follow-ups, we cannot confirm
whether thisis a decline in use or whether it represents amore
dynamic use of an app in periods where the persons with
diabetes want to or should use the app more. However, if the
app use changes substantially during the study period,
assumptions might be drawn on the wrong basis, and none of
the current trialsincluded app use as an outcome, either interms
of which functions were mostly used or app use frequency
through the study period (eg, in terms of number of times that
apps were accessed). The health literacy aspect can aso
contribute, as participants use may decline if the
intervention/app istoo difficult to understand [10].

Implications

This systematic review has not produced specific evidence for
stakeholders regarding future decisions. We believe that the
next generation of patients with diabetes has different needs
and requests for the health care system and technology
development and use than what is available today. Another
important point might be the conflicting interests among the
health care researchers and technology researchers regarding
patent or economic interestsin the device or app they aretesting,
and possibly, their drive for positive results could bias the
published material. Therefore, it is even more important in this
field to perform athorough and unbiased eval uation and report
the results from controlled trials regardless of their outcomes,
which would form new evidence and provide benefit and
information for policymakers. We suggest using a health
technology assessment framework like the Model for the
Assessment of Telemedicine (MAST) [63] for a scientific
evaluation of important domains when testing technology and
also the eHealth CONSORT for reporting scientific trials [58].
Further, the availability of hundreds of apps makes it difficult
tofind clinically relevant apps, and the need for updated reviews
will continue to be large in the future [23]. There is, however,
a need for higher methodological quality trials to improve the
field and inform future reviews. The studiesin thisreview were
mostly pilot studies with small sample sizes and interventions
that might be too extensive to be implemented in real-life
contexts.
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Conclusion primary outcome, the evidence has limitations because of its
poor methodological quality. Mabile apps will be a part of the
health care system in the future; therefore, we require robust
research in this area to make the right choices for the patient,
for the health care system, and for society.

The conclusions from this systematic review are limited. The
unclear and poor methodological quality of this emerging
research field isof major concern, and although 3 studiesfound
that apps with integrated feedback significantly improve the
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