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Abstract Technology-delivered interventions can improve
the health behaviors and clinical outcomes of persons with
diabetes, but only if end users engage with these interventions.
To summarize the current knowledge on engagement with
technology-based interventions, we conducted a review of
recent mobile- and web-delivered intervention studies for
adults with type 2 diabetes published from 2011 to 2015.
Among 163 identified studies, 24 studies satisfied our inclu-
sion criteria. There was substantial variation in how interven-
tion engagement was reported across studies. Engagement
rates were lower among interventions with a longer duration,
and engagement decreased over time. In several studies, older
age and lower health literacy were associated with less en-

This article is part of the Topical Collection on Psychosocial Aspects

< Chandra Y. Osborn
chandra.osborn @vanderbilt.edu

Department of Medicine, Vanderbilt University Medical Center,
Nashville, TN, USA

2 Center for Health Behavior and Health Education, Vanderbilt
University Medical Center, Nashville, TN, USA

3 School of Medicine, Vanderbilt University Medical Center,
Nashville, TN, USA

Department of Medicine, University of Alabama at Birmingham,
Birmingham, AL, USA

Division of Preventative Medicine, University of Alabama at
Birmingham, Birmingham, AL, USA

Center for Diabetes Translational Research, Vanderbilt University
Medical Center, Nashville, TN, USA

Department of Biomedical Informatics, Vanderbilt University
Medical Center, Nashville, TN, USA

gagement, and more engagement was associated with inter-
vention improvement in at least one outcome, including gly-
cemic control. Future technology-based intervention
studies should report on engagement, examine and re-
port on associations between user characteristics and
engagement, and aim to standardize how this is report-
ed, particularly in longer trials.

Keywords Technology - Internet - Mobile - Intervention -
Engagement - Diabetes - Review

Introduction

Suboptimal glycemic control can lead to a variety of compli-
cations including stroke, heart attacks, and death [1].
Adherence to recommended self-care behaviors (e.g., healthy
eating, exercise, medication adherence, self-monitoring of
blood glucose [SMBG]) can maintain optimal glycemic con-
trol [2, 3] and prevent complications [1], but self-care adher-
ence is challenging, and, in turn, low among adults with type 2
diabetes (T2DM) [4, 5]. Technology-delivered interventions
(e.g., mobile- and web-based) can effectively promote the
self-care behaviors [6, 7] and improve the glycemic control
of'adults with T2DM [8, 9], but assume users will engage with
interventions independently. The extent to which they do,
however, is unclear [6, 10].

The degree to which users engage with an intervention
can tell us why an intervention had an effect or not [6], yet
technology-based interventions rarely report on users’ en-
gagement [11]. Among studies that do, engagement is op-
erationalized inconsistently. Schubart et al.’s [12] review
of web-delivered self-care interventions found differences
in how studies report on user engagement (e.g., frequency
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of website visits, number of users logging in at least once, and
pages viewed). Such reporting differences are also common
among mobile-delivered interventions (e.g., text message re-
sponse rate [13], number of users who responded to text mes-
sages at least three times per week [14]).

Users’ level of intervention engagement varies widely
across studies operationalizing engagement the same way
(e.g., text message response rate, average number of website
logins) [6]. In 2009, Fjeldsoe et al. [15] reviewed behavior
change text messaging interventions and found substantial var-
iability in users’ compliance to the intervention. Studies report
that, on average, users respond to as few as 17 % [16] to as
many as 84 % [13] of text messages sent during a study period.
Web-delivered intervention studies also report wide variability
in user engagement, with some studies reporting an average of
one to five logins and others reporting more than ten logins
[17]. Intervention engagement variability may be in large part
due to the wide variability in mobile- and web-based interven-
tion attributes (i.e., intervention duration, dosing, relevance,
timing, user requirements) and/or user attributes (e.g., user
age, socioeconomic status, or health literacy status).

Understanding the determinants of intervention engage-
ment can help design interventions that optimize engagement;
however, the factors influencing engagement in technology-
delivered diabetes interventions are unclear. In their 2011 re-
view of mobile interventions for patients with type 1 diabetes
and T2DM, Mulvaney et al. [11] found insufficient reporting
on engagement to associate intervention design features with
engagement. This review included studies published through
2010 and did not include web-delivered interventions. In
2014, Cotter et al. [10] conducted a review of web-delivered
diabetes interventions published through January 2013 and
called for more research to understand under which conditions
and with what types of users, engagement changes.

Lastly, it is unclear whether engagement with a technology-
delivered intervention is associated with changes in outcomes.
In Fjeldsoe et al.’s [15] review, they reported on one study in
which a subgroup of users who were more actively engaged in
the intervention showed a trend toward greater glycemic con-
trol (Alc) improvement compared with users who were less
engaged in the intervention. Moreover, in Cotter et al.’s [10]
review, engagement in web-delivered interventions was in-
consistently associated with diabetes outcomes.

In this review, we examine the recent literature to provide
an updated account of studies reporting user engagement with
both mobile- and web-delivered self-care interventions for
adults with T2DM. The goals of our review are to describe
the different ways engagement is operationalized, describe the
extent to which T2DM users are engaging with technology-
delivered interventions and how this varies by user character-
istics, identify the design features that may facilitate or hinder
engagement, and describe if and when engagement is associ-
ated with better outcomes.

@ Springer

Methods
Data Sources and Search Strategy

In November 2015, we searched PubMed for technology-
delivered self-care interventions used by adults with T2DM.
We searched for studies published between 2011 and 2015 to
capture those studies not included in Mulvaney et al.’s [13]
review. All searches included a term from each of three cate-
gories: (1) technology (e.g., mobile intervention, web pro-
gram, cell phone program), (2) self-care (e.g., self-manage-
ment, behavior), and (3) diabetes (i.e., type 2 diabetes adults).
Terms were intralinked with “OR” and interlinked with
“AND.”

Study Eligibility

Eligible studies: (1) included adults with a diagnosis of T2DM
(>50 % of the study sample), (2) tested a technology-delivered
intervention designed to improve a diabetes self-care behav-
ior, (3) asked participants to use the intervention on their own
time (i.e., outside the lab or clinic setting), (4) tested interven-
tions using <50 % telehealth or human interaction, and (5)
reported on participants’ engagement with the intervention.
We excluded studies focused on the design and development
phase of the intervention and studies testing interventions de-
signed to improve a psychological (e.g., depressive symp-
toms, distress) or psychosocial (e.g., self-care knowledge,
self-efficacy) outcome. Additionally, we excluded studies if
they were a systematic review, a meta-analysis, or were not
published in English.

Our search terms identified 163 published articles. Authors
LAN and TDC independently reviewed each abstract of the
identified articles. Studies were excluded at this stage if both
reviewers agreed eligibility criteria were not met. Both authors
independently reviewed the full text of the remaining articles,
excluding those not meeting eligibility criteria, resulting in 24
articles being included in our review (see Fig. 1).

Data Abstraction and Narrative Synthesis

Given variation in study designs, methodologies employed,
and outcomes assessed between the 24 included studies, we
used a narrative synthesis approach [18] to describe and iden-
tify patterns of engagement across included studies. We created
two separate tables to report on both the general intervention
characteristics (e.g., study design, sample characteristics,
length of intervention, outcomes) (Table 1) and information
specific to participants’ engagement with an intervention
(e.g., engagement rates, change in engagement across time,
and associations between engagement and outcomes)
(Table 2). Although all studies in our review tested an inter-
vention designed to improve at least one diabetes self-care
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Fig. 1 Flowchart for excluding
articles from review
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diabetes self-care behavior (n=19)

Articles excluded:
» Intervention was not tested outside the
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lab or clinic (n=5)

Articles excluded:

]

* Intervention used >50% teleheath (n=13)

Articles excluded:

* Study did not report on engagement with
the technology (n=11)

n=24

Met all criteria

behavior, many still reported psychological and psychosocial
outcomes and are therefore included in Table 1 and in our
results. In both tables, we organized the interventions into two
groups based on whether they were primarily a mobile- or web-
based intervention. Although some mobile interventions
contained web components, all interventions used either mobile
phones or the Internet as their dominant platform. The subse-
quent review represents information available about engage-
ment with mobile- or web-based self-care interventions for
adults with T2DM published in PubMed from 2011 to 2015.

Results

Of the 24 articles included in our review, 15 tested a mobile-
delivered intervention and 9 tested a web-delivered

intervention. The majority of studies (n=10) were formative
research studies (i.e., pilot, feasibility, and usability studies),
six were randomized controlled trials, four were non-
experimental pre-post studies (i.e., no control group), three
were studies reporting data from a larger trial, and one was a
quasi-experimental study (i.e., used matched controls). Nearly
two thirds (58.3 %) of these articles were published in the past
three years (i.e., 2013-2015).

Operationalizing Engagement

The studies in our review operationalized intervention en-
gagement according to the types of technical tasks asked of
users (e.g., visiting/logging in to a website, responding to text
messages, and uploading blood glucose readings) and how
engagement could be assessed based on these tasks (e.g., the
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Engagement associations with  User satisfaction and concerns

user characteristics and

outcomes

Engagement change

Engagement results

Authors [reference]; duration Engagement promotion

Table 2 (continued)

@ Springer

improvement in LDL

cholesterol.

average of 59.2£69.4 chat

events , 11.5+14.9 messages,

and 56.3 £68.6 activities

involving a nurse coordinator.

Users logged in an average of

No differences between users  Patient factors and website

Website use across all users

Users received weekly email

Yu et al. [40]; 9 months

factors affected use of the

and non-users in self-

ranged from 4 to 50 logins/
week with peaks of 50

8.2 days and 0.7 times/month.
Among those enrolled, 14 %

reminders to visit the website
and email prompts when new

blogs were posted

website. Users were motivated
to access the website based on

current needs/concerns and

new blog posts.

efficacy or self-care. Users
had a greater reduction in
diabetes distress than

non-users.

logins in week 10 and 37

logins in week 27.

were non-users, 75 % were
infrequent users, 9 % were

frequent users, and 2 % were

heavy users; 67, 90, and 60 %

of users visited static,

interactive, and log pages,
respectively at least once.

IVR interactive voice response, 41c¢ glycemic control, SMBG self-monitoring of blood glucose, NZD New Zealand Dollars, BG blood glucose, med medication, T2DM type 2 diabetes, AI/AN American

Indian/Alaskan Native

average number of website logins or the number of users who
logged in to a website). Interventions required users to per-
form a wide range of technical tasks, resulting in wide vari-
ability in how studies operationalized intervention engage-
ment. In addition, there was wide variation in the extent to
which studies described and reported on engagement. That is,
some studies provided very basic information on the rate of
engagement with a single task, whereas others provided de-
tailed information on engagement with different parts of the
intervention and during specific periods of time.

Mobile-Delivered Interventions

The 15 mobile-delivered intervention studies in our review
reported on engagement with text messages (n=14), phone
calls (n=5), mobile apps (overall, n=1; feature-specific,
n=23), and/or a web-based portion of the intervention (n=2).
Six studies only reported the average number of tasks users
engaged with (e.g., the rate of text message responses or in-
teractive voice response [[VR] call completions), five studies
only reported the number of users who engaged with a specific
task (e.g. the number who responded to a text message, the
number who opened an app), and four studies reported on
both. In most studies (79 %), engagement was based on the
full duration of the intervention study period, but in some
cases, engagement was based on a specific period of time
within the study period. For example, Katz et al.’s [25] 12-
month intervention reported the average number of blood glu-
cose uploads during the first and last 10 weeks of the study
period, but not the full 12 months. When detailed engagement
information was included, studies reported on users’ median
time to respond to a text message [22, 26] and the number of
users who met a minimum level of engagement (e.g., users
who completed at least nine of 12 IVR calls, users who
sent responses at least three times/week) [14, 28, 31].
Lastly, several studies categorized users by their level of en-
gagement [21e, 25, 29]. For example, Bell et al. [21°] orga-
nized users into three categories based on how often they
viewed daily videos sent via text messages (i.e., non-viewers,
periodic viewers, and persistent viewers).

Web-Delivered Interventions

Of the nine web-delivered intervention studies in our review,
most (67 %) reported the number of times users logged into
the website. Because many web-delivered interventions re-
quested users interact with a website, studies also (44 %) re-
ported engagement with these specific tasks (e.g., number of
blood glucose uploads and discussion posts, how often goals
were set) [36, 37, 38, 39]. In addition, three studies (33 %)
reported the frequency with which different sections of a
webpage were viewed [32, 36, 40]. For example, Glasgow
et al. [32] reported the exercise section of their website’s
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“Action Plan” area was visited more than any other self-care
section. Two studies (22 %) reported the number of users who
logged into a site based on a minimum frequency (i.e., at least
monthly [34], and at least once during the study period [37¢]),
and two studies reported the total average time spent on the site
[32, 35]. Similar to Bell et al. [21¢], Yu et al. [40] grouped users
based on the number of times logged in per month (i.e., non-
users, and infrequent, frequent, and heavy users), and Jernigan
and Lorig [38] separated users into two groups by their level of
website participation (i.e., sporadically vs. regularly).

Levels of Engagement

Due to wide variability in how engagement was operational-
ized across studies, we were unable to draw conclusions about
how much users engage with mobile- or web-delivered inter-
ventions. We were, however, able to identify patterns for those
studies using a common operationalization.

Mobile Phone Engagement

Among the four studies reporting the average response rate to
daily, two-way text messages [13, 22, 23, 26], rates ranged
from 52 to 84 %. The types of daily text messages varied with
some requesting adherence information (e.g., whether users
took their medication) and others requesting blood glucose
readings. Additionally, the intervention length (i.e., the period
of time users received text messages) varied. For the two stud-
ies reporting less engagement (57 and 52 %), the intervention
length was 3 [23] and 6 months [26], respectively.
Alternatively, for those reporting more engagement (80 and
84 %), the intervention length was 1 [22] and 3 months [13],
respectively. Four studies [14, 21e, 23, 28] reported the num-
ber of users who did not engage at all or who did so very
minimally; rates ranged from 5.8 to 24 %. Of the six studies
reporting changes in engagement, engagement decreased in
two studies [13, 25], remained relatively stable in three studies
[24, 26, 30], and varied by the individual user in one study
[29].

Although not reported often enough to identify patterns,
there were instances when articles reported associations be-
tween user characteristics and intervention engagement. For
users around 60 years of age, the probability of completing
I'VR calls [28] and responding to text messages [13] decreased
with increasing age. Additionally, Nelson et al. [13] found
users who were non-White and users with lower health liter-
acy were less likely to participate in IVR calls compared with
White users and users with higher health literacy, respectively.
Lastly, Piette et al. [28] found less education was associated
with less IVR participation. The majority of mobile-delivered
intervention studies (n = 11) did not report on the associations
between user characteristics and engagement or the lack
thereof.

Website Engagement

For a web-delivered intervention length of at least 3 months,
average logins per month ranged from 0.7 to 7 logins. Studies
with fewer logins per month (0.7, 2.4, and 4) had intervention
lengths of 9 [40], 12 [37¢], and 13 months [39], respectively,
whereas those with more logins per month (7 and 7) had
intervention lengths of 3 [36] and 4 months [32].

Two studies reported the average time spent on a website
[32, 35]. Glasgow et al. [32] reported a total average time of 3
h spent on their website, or about 7 min/visit in a 4-month
intervention. Heinrich et al. [35] reported users spent an aver-
age of 58 total minutes on their site during a 2-week study or
about 16.3 min per visit. Of the four studies reporting on
changes in engagement [32, 33, 37¢, 40], three described de-
creased engagement over time [37¢] (two described different
timeframes from the same intervention [32, 33]); in one study,
website logins peaked during weeks 10 and 27 of the inter-
vention, which the authors attributed to an increase in blog use
[40].

Only two web-delivered interventions reported associa-
tions between user characteristics and engagement [34, 38].
Glasgow et al. [34] reported users with higher health literacy
and numeracy skills, and baseline levels of physical activity,
were the most engaged (i.e., visited the website at least month-
ly) during the 12-month intervention period. Additionally,
they found users who were non-smokers were more likely to
visit the site at least monthly compared with smokers. Jernigan
and Lorig [38] did not find differences between American
Indian (AI)/Alaskan Native (AN) users and non-AI/AN users
in the level of website usage, but reported AI/AN users were
more likely to use the website during day time hours com-
pared with non-AI/AN users; the authors noted this may be
because more AI/AN users had access to high-speed Internet
in an office setting and dial-up Internet at home. Two studies
reported no associations between user characteristics and en-
gagement [32, 35], and five studies did not report on this [33,
36, 37-, 39, 40].

Facilitators and Barriers to Intervention Engagement

Our review identified intervention design features used to fa-
cilitate user engagement. We also identified barriers to user
engagement.

The majority of interventions included in our review
employed some form of tailoring (n =22). However, the extent
to which tailoring was used varied widely. The most common
form of tailoring was providing users with personalized feed-
back based on information they provided [13, 27, 36, 39]. For
example, Ryan et al.’s intervention [39] delivered educational
and motivational messages based on users’ blood glucose up-
loads. On average, users uploaded data two times per week
during a 13-month study period [39]. In Jennings et al.’s

@ Springer
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intervention [36], users received tailored weekly feedback
based on completing an online logbook used to track exercise
goals. Over 12 weeks, users logged in to the website an aver-
age of 21 £34 times [36]. Studies also provided tailored con-
tent based on users’ responses to assessments. In Osborn and
Mulvaney’s intervention [27], daily text messages were tai-
lored to address users’ self-reported barriers to medication
adherence. Users responded to ~82 % of messages in 2-
week rounds of testing [27] and 84 % of messages in a 3-
month period [13]. In a web-delivered intervention, Jernigan
and Lorig [38] tailored content to users’ responses to a base-
line questionnaire (e.g., feedback on the meaning of their
Alc); 85 % used the website regularly (i.e., about three times
per week for 6 weeks). Other studies used very minimal tai-
loring. Bell et al. [21¢] tailored their 6-month intervention by
sending text messages at a time specified by the user; over one
third of users did not view any video messages or only did so
minimally at the start of the study. Similarly, Arora et al. [20]
limited tailoring to users’ preference of receiving content in
either English or Spanish. During a 3-week study, only 35 and
9 % of users responded to trivia and phone-linked messages,
respectively [20]. Fisher et al. [24] also allowed users the
choice of English or Spanish content and tailored information
in appointment reminder messages (appointment time, date,
and location). Over 3 months, users responded to 68 % of
messages [24].

Additionally, there were vast differences in how interven-
tions prompted, reminded, or incentivized users to engage
with an intervention, which we are calling engagement
promotion. In mobile-delivered interventions, intervention
components can serve as reminders to use the intervention.
For example, receipt of text messages and/or calls reminds
users to engage. In two interventions with IVR, the IVR sys-
tem made multiple attempts to reach users if they did not
answer the call [19, 28]. Alternatively, in mobile interventions
consisting of only an app and in web-delivered interventions
consisting of only a website, users may be expected to engage
without prompting. In order to foster continued use in these
types of interventions, studies often sent weekly email re-
minders to visit a website [32, 36, 38, 40]. In one study, if
engagement waned, staff members called users to inquire
about their low responsiveness [26].

Studies also examined how support from a healthcare pro-
vider or peer impacted intervention engagement. In three stud-
ies (13 %) users said a provider’s involvement in the interven-
tion (e.g., being able to communicate with a provider or know-
ing a provider was reviewing their messages) facilitated their
engagement [19, 26, 37¢]. Further, two RCTs compared en-
gagement between a condition receiving only the technology
and a condition receiving both the technology and human
support. When reporting the 4-month results of their web-
delivered intervention, Glasgow et al. [32] reported greater
use of the website among users assigned to the condition with

@ Springer

the website plus social support compared to the condition with
website access only. In contrast, Torbjernsen et al. [30] report-
ed no difference in engagement between the condition with
access to a mobile app versus the condition with access to the
app plus health counseling. This suggests there may be incon-
sistencies in how providing human support as part of an auto-
mated technology impacts users’ engagement.

Studies also relied on users’ feedback to identify barriers to
engaging with mobile- or web-delivered interventions. Three
studies (13 %), reported technical and usability problems in-
terfered with engagement [13, 37, 40], and in three studies
(13 %) users said an inability to afford a required cell phone
plan, or having limited access to a computer or the Internet
hindered engagement [23, 25, 40]. To address cost barriers,
Katz et al. [25] provided users with a reduction on their cell
phone bill each month in exchange for continued engagement.
At study end, 59 % who remained active in the program said
this discount was needed for their participation. Lastly, there
may be unique individual barriers preventing engagement. For
example, Yu et al. [40] reported users’ sense of futility affected
website use, while users in Jernigan and Lorig’s [38] study
said a lack of time, illness, family obligations, and depression
were reasons for not completing website activities.
Information on these barriers could inform intervention design
choices, such as using a technology that can be more easily
integrated into users’ lives, requiring minimal deliberate ef-
fort. For example, if lack of time is a significant barrier, a text
message-based intervention may encourage more engagement
than one in which users must access a computer.

Associations Between Engagement and Outcomes

Among studies included in this review, the majority (n=16)
did not report whether there were associations between en-
gagement and outcomes, but some (n =3) reported null asso-
ciations and others (n=7) reported significant associations
between engagement and outcomes. Heinrich et al. [35] re-
ported a null association between engagement and diabetes
knowledge; however, their web-delivered intervention was
only 2 weeks long. Katz et al. [25] found users who remained
active in a mobile intervention reduced their hospitalizations
and emergency room visits during the 12-month study period
compared with the 12 months before the study. Glasgow et al.
[32] reported greater website usage was associated with im-
proved eating patterns and physical activity, but not medica-
tion adherence at 4 months; notably, of the users whose out-
comes improved and who visited the website monthly from
months 5 to 12, 53.8 % maintained these outcomes at
12 months [33]. Ryan et al. [39] found more frequent engage-
ment in chat messages and interactive activities were each
associated with improved LDL cholesterol. Yu et al. [40] re-
ported users of a diabetes self-care website had greater reduc-
tions in diabetes distress than non-users; however, users and
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non-users did not differ in their self-efficacy or self-care.
Finally, in two studies, greater use of an intervention was
associated with improved Alc [21e, 37¢]. Bell et al. [21¢]
reported users who persistently viewed text message-
delivered videos of diabetes-related tips and reminders expe-
rienced the greatest Alc improvement. Jethwani et al. [37¢]
reported users with more blood glucose uploads had the
greatest Alc improvement, with those taking less time to up-
load their first blood glucose reading experiencing the greatest
Alc improvement.

Discussion

With the surge of technology-delivered interventions aimed at
improving diabetes outcomes, more research is needed to un-
derstand how users engage with these interventions. Unlike
most face-to-face approaches, users are typically expected to
use mobile- and web-delivered interventions on their own
time, that is, the intervention relies on the assumption users
will engage with the technology on their own volition. The
extent to which users actually engage is critical to understand-
ing how interventions affect outcomes. We conducted a nar-
rative review of studies published between 2011 and 2015
reporting engagement with technology-delivered self-care in-
terventions for adults with T2DM and found variability across
studies in engagement reporting, lower rates of engagement in
web-based interventions with a longer duration, older users
and those with lower health literacy/less education being less
engaged, and more engagement being associated with better
outcomes in several studies. Based on our findings, we make
recommendations for reporting and improving user
engagement.

Our findings are consistent with Schubart et al.’s [12] re-
view of web-delivered self-care interventions that also report-
ed wide variation in how engagement is operationalized. In
order to systematically combine and evaluate engagement
findings, studies need to adopt uniform engagement reporting.
Of the more common operationalizations used in our review,
interventions using two-way text messaging should report
users’ average text message response rate and web-delivered
interventions should report average website logins and average
time spent on a website. Further, studies should report whether
there is an expectation for how much users should engage with
an intervention to help identify gaps between intended and
actual use. Studies should also report on engagement change
by reporting usage at different time intervals throughout the
study period (e.g., website logins each month) to identify the
point at which engagement wanes. Additionally, rather than
only reporting users’ engagement with one primary task, stud-
ies should report on engagement with various tasks. For exam-
ple, reporting the number of different website tasks completed
can reveal those parts of a website that were more or less

engaging. Finally, dichotomizing users into high- and low-
engagement groups and examining group differences in out-
comes can identify at which levels of engagement users expe-
rience benefit.

Despite variability in operationalizing engagement, we did
observe some general patterns across studies. First, it appears
engagement may be impacted by intervention length, particu-
larly for web-delivered interventions in which lower rates of
website use were reported in longer interventions.
Additionally, our results support past reviews indicating en-
gagement decreases over the course of an intervention [7, 10].
It may be the longer users participate in an intervention, the
more they lose interest in it. However, because a longer inter-
vention may be necessary to obtain effects, researchers should
adopt strategies for boosting engagement throughout an inter-
vention (e.g., tailoring and engagement promotion, discussed
below). Lastly, although Cotter et al. [10] did not identify
common user characteristics associated with engagement,
our review suggests older adults may be less engaged with
mobile interventions than younger adults, and individuals
with lower health literacy/less education may be less engaged
with both mobile- and web-based interventions compared
with more health literate/educated individuals.

Based on patterns of engagement reporting, it appears in-
terventions with more tailoring may be more engaging than
those with less tailoring. Others have reported tailored,
technology-delivered interventions are more effective at im-
proving self-care than those using targeted or generic content
[41, 42]. Most interventions in our review used some form of
tailoring, although the type and extent of tailoring varied
across interventions and was sometimes limited to users’ pre-
ferred time to receive elements of the intervention. One way to
improve user engagement is to adapt intervention content to
users’ individual needs [12]. Rather than only tailoring mes-
sage delivery based on users’ preferences (e.g., timing and
frequency of text messages), more interventions should tailor
intervention content based on users’ unique concerns for im-
proving self-care (e.g., content addressing barriers to self-care
adherence [27]). Similarly, just-in-time interventions that pro-
vide immediate, tailored support based on user data (e.g.,
feedback on blood glucose uploads) may also improve en-
gagement [43].

When comparing mobile- and web-delivered interventions
in our review, we identified a need for more web-delivered
interventions to use engagement promotion to remind and
encourage users to engage. This finding aligns with both
Connelly et al.’s [7] and Brouwer et al.’s [17] reviews that
found additional components within the technology (e.g.,
emails) increases intervention engagement. Future research
should explore additional forms of prompting in the form of
rewards and/or new content to sustain users’ interest in an
intervention over time [17]. This may be particularly impor-
tant in longer interventions.
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Technology-delivered interventions should also anticipate
possible barriers to engagement. If working with a low-
income population, for example, adopting a low-cost technol-
ogy (e.g., basic cell phone technology: text messaging and
voice communications) and/or providing a stipend to cover
the cost of the technology and/or its service plan may improve
engagement [20]. Additionally, conducting usability studies
can help identify and address technical issues that may discour-
age engagement in a longer trial [44].

Our review compiled evidence suggesting engagement with
a technology-delivered intervention is associated with improved
outcomes. Among the eight studies reporting on the association
between engagement and outcomes, seven found an association
between more engagement and outcome improvement, includ-
ing two studies reporting improved glycemic control [21, 37¢].
Bell et al. [21+] grouped users by their level of engagement to
determine at what dose of the intervention users would benefit.
Users who viewed >10 video messages per month experienced
the greatest Alc improvement, but none of the users viewed
messages daily [21¢]. Considering users still benefited despite
not engaging every day, Bell et al. [21¢] suggest intermittent
reinforcement (i.e., frequent, but not daily contact) may be an
effective approach for sustaining users’ engagement and im-
proving Alc. More research needs to examine how dosing level
may explain the association between engagement and out-
comes. Additionally, studies should examine whether dosing
should be tailored to different types of users; that is, some users
may get annoyed with daily messages and engage more regu-
larly with weekly messages, whereas others may appreciate
daily contact.

There are several limitations to our review. The majority of
studies included in our review were feasibility, usability, and
pilot studies. Because these types of studies tend to have a
shorter duration, engagement may be different in longer trials
testing the same intervention. Further, we excluded studies
from our review testing interventions with >50 % telehealth
because we were primarily interested in user engagement with
automated interventions. Given the human-to-human element
of telehealth, engagement with those interventions may be
higher than with automated interventions. Several studies in
our review reported a human’s involvement in the intervention
was important to users’ engagement. Additionally, we catego-
rized interventions as being primarily mobile- or web-based,
but some mobile interventions used web components, which
may have affected our results. As more interventions combine
mobile and web platforms, research should explore how en-
gagement differs between these combined interventions and
those relying on just one platform. Despite our attempt to
identify relevant articles, it is possible some were missed
and publication bias led to an underreporting of data.
Finally, the studies included in our review all had samples
with >50 % T2DM, limiting the generalizability of our find-
ings to other patient populations.

@ Springer

Conclusions

Despite variability in engagement reporting and its associa-
tions, engagement remains difficult to sustain in technology-
delivered self-care interventions for adults with T2DM, and
can be impacted by a variety of factors including how the
intervention promotes engagement and the characteristics of
users. In order to advance our understanding of how engage-
ment varies and impacts outcomes, studies need to report on
engagement in a standardized way, consistently report wheth-
er or not engagement is associated with user characteristics
and outcomes, and report on engagement in longer-term
RCTs. Exploring engagement as a mechanism by which an
intervention affects outcomes and the optimal dose of engage-
ment will inform how and when users experience benefit.
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