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Abstract: Diabetes is a chronic, complex condition requiring sound knowledge and self-man-
agement skills to optimize glycemic control and health outcomes. Dietary intake and physical
activity are key diabetes self-management (DSM) behaviors that require tailored education and
support. Electronic health (eHealth) technologies have a demonstrated potential for assisting
individuals with DSM behaviors. This review provides examples of technologies used to support
nutrition and physical activity behaviors in the context of DSM. Technologies covered include
those widely used for DSM, such as web-based programs and mobile phone and smartphone
applications. In addition, examples of novel tools such as virtual and augmented reality, video
games, computer vision for dietary carbohydrate monitoring, and wearable devices are provided.
The challenges to, and facilitators for, the use of eHealth technologies in DSM are discussed.
Strategies to support the implementation of eHealth technologies within practice and sugges-
tions for future research to enhance nutrition and physical activity behaviors as a part of broader
DSM are provided.

Keywords: diabetes self-management, eHealth, nutrition, physical activity, smartphones,
wearables

Introduction
The worldwide prevalence of diabetes mellitus has more than doubled over the past
three decades and still continues to rise, driven by the growth of an aging population
and adverse lifestyle factors that increase body weight and age-specific incidence.'
Diabetes has been identified as one of the major causes of global mortality, resulting
in 1.3 million deaths annually.? In 2014, ~422 million people worldwide had diabetes,?
with reports that 85% of those with diabetes have type 2 diabetes mellitus (T2DM),
10% type 1 diabetes mellitus (T1DM), and the remaining having gestational diabetes
mellitus (GDM).* In the Pacific Islands, a quarter of the population has a diagnosis of
diabetes, a prevalence closely followed by that in the Middle East and North Africa.?
The People’s Republic of China and India have the greatest absolute number of people
with diabetes with close to 100 million adults diagnosed with diabetes.’ The most
rapid rise is also occurring in these two countries accounting for an estimated 36% of
the total global increase.®

T1DM is most common in younger populations with an estimated global prevalence
of half a million in children and adolescents.” Even in these young patients with T1DM,
there is an increasing burden of obesity,? resulting in combined insulin deficiency and
insulin resistance or “double diabetes”.” Accompanying this is an increase in the preva-
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lence of prediabetes and T2DM in adolescents and young
adults,”!? particularly in Asian, Pacific Islander, Indigenous
Australian and American, African-American, and Hispanic
populations.'"*Young-onset T2DM heralds a higher lifetime
risk for diabetes-related complications,'® and it is associated
with a worse prognosis than TI1DM.!¢ The epidemiological
shift in presentation has led to an increase in T2DM in women
of childbearing age and in pregnancy, and an increase in
gestational diabetes.!”!? Intrauterine exposure to hypergly-
cemia results in a higher future risk of obesity and diabetes
in offspring?®?! and therefore promotes an intergenerational
cycle of diabetes fueling the current global epidemic." This
highlights the urgent need for effective interventions.

Diabetes is a complex disease that requires the individual
to make daily decisions about food, activity, and medications
to achieve their goals.”? In T2DM, intensive lifestyle interven-
tions reduce body weight and HbA 1¢ and improve fitness and
cardiovascular risk.” Reduced energy intake and weight loss
are associated with substantial reductions in mortality.?**
Regardless of diabetes type, lifestyle decisions are reinforced
by provision of the knowledge and skills needed for diabetes
self-management (DSM).?22¢-28

Effective DSM encompasses education that involves the
delivery of the knowledge and skills necessary for diabetes
self-care and focuses on the four key behaviors of blood
glucose monitoring, medication adherence, diet, and physical
activity.?® In addition to education, effective DSM requires
ongoing support to assist the individual to implement and
sustain these key behaviors, which help optimize glycemic
control.?® DSM remains challenging for some patients,?*
and a compromise between health goals and quality of life
may arise.’! Recent innovations in electronic health (eHealth)
technologies may provide the support required to improve
DSM, in particular, dietary and physical activity behaviors,
and may result in better diabetes outcomes.

The aim of this narrative review is to provide examples
of recent eHealth literature and technologies in the context of
diet and physical activity for DSM, rather than an exhaustive
review of the literature on this topic. First, we summarize
the recent use of eHealth in this setting, with a focus on
the efficacy of novel technologies that include nutrition and
physical activity components for DSM. Technologies that
are utilized extensively, as well as emerging technologies
that are showing promise for DSM interventions, are the
focus of this review. Second, we reflect on the challenges to
and facilitators of the use of eHealth technologies for DSM.
Finally, we offer practical strategies for implementation as
a part of diabetes management and provide suggestions for

future research investigating nutrition and physical activity
behavioral strategies within DSM.

eHealth technologies to support
diet and physical activity in DSM
Nutrition and physical activity are cornerstones of diabetes
management. Decisions relating to food intake are considered
as one of the most challenging aspects of diabetes control.*
Dietary recommendations for diabetes emphasize an indi-
vidualized approach to optimizing food and nutrient intakes.*
These guidelines focus on eating patterns, portion control, and
carbohydrate quality, quantity, and distribution, to optimize
glycemic control, in addition to weight status, blood pressure,
and plasma lipid profile.*? Physical activity guidelines recom-
mend the maintenance of regular aerobic and resistance activi-
ties, while minimizing sedentary time.*? Both dietary intake
and physical activity are strongly influenced by behavior, and
therefore self-management skills relative to these behaviors
are considered imperative for optimal glycemic control** and
consequently lowering the risk of diabetes complications.
The term “eHealth” is broad and refers to the use of infor-
mation and communication technologies to facilitate and/or
deliver health care.** Driven by consumer demand, technolo-
gies continue to evolve at a rapid pace, in turn resulting in
greater uptake of eHealth. As 0f 2015, median global Internet
and smartphone use was 67% and 43%, respectively.*® While
greater use is still more common among developed countries,
the rate of adoption within developing countries of both the
Internet and smartphones is strong. Since the introduction
of the iPhone in 2007, the use of smartphones as a mode
to deliver and complement health care has grown rapidly.>
Improved accessibility through reduction in costs, coupled
with an increase in the capabilities and the ubiquity of these
technologies within daily activities, has seen a number of recent
evaluations into various eHealth technologies for DSM.37#
Acknowledging the pace at which eHealth technologies
change, we focus on the literature from the past 5 years,
summarizing established technologies such as web-based
programs and mobile phone and smartphone applications
used in DSM interventions. We also outline advances in DSM
using the novel technologies of computer vision, virtual and
augmented reality, video games, and wearable devices.

Web-based programs

Websites offer a platform for information delivery in various
media including written, audio, and video content and may
also offer access to social support through forums and chat
room facilities. In addition, advances in technology allow
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web-based programs to be accessed via mobile devices such
as smartphones and tablet computers. Pereira et al*! examined
14 studies that used primarily Internet-based technologies for
the delivery of DSM education including both stand-alone
programs and/or those allowing improved access to or con-
tact with health professionals. The review assessed various
types of technologies and included aspects of telehealth, but
only in the form of asynchronous or delayed interaction with
participants. The majority of studies evaluated the efficacy
of interventions in terms of changes in glycemic control,
whereas changes to dietary intake and physical activity were
assessed in less than a quarter of the included studies. Provid-
ing diabetes education via the Internet was more effective
compared to usual care, with the ability to reach more patients
and greater convenience being the features contributing to
greater efficacy. However, over time, it was noted that par-
ticipant engagement waned, and it was suggested that due
to the chronic nature of diabetes, longer term interventions
should use content and features that can be personalized and
adapted to the individual over time.*!

Recent studies have evaluated the impact of web-based
interventions on the knowledge of diet and physical activity
in women with GDM* and related behaviors in T2DM.*
In each of these interventions, participants made use of an
online program, either to access information or to log diet
and physical activity data and receive feedback on their
progress. While only 50% of participants increased their
nutrition knowledge, those with less education had a greater
improvement compared to those who had completed high
school.*? Compared to usual care, participants with T2DM
who received the computer-assisted intervention, either
with or without the support of phone calls, showed greater
improvements in their overall score of eating habits, greater
reductions in total fat intake, and smaller decreases in physi-
cal activity over the 4-month intervention,* with the changes
in dietary behavior for the intervention groups maintained at
12 months, whereas physical activity decreased.** Although
this type of eHealth technology is a popular choice for
DSM, most web-based programs have limited scope in the
behavioral strategies used,” and therefore their use may be
best to supplement care.

Mobile phones and smartphones

Portable devices such as mobile (or cell) phones, smartphones,
and tablet computers have multiple features that are conducive
to DSM, and they are some of the more popular technologies
used.***7 Mobile phone text messages can be used for one-
way information delivery and/or two-way diabetes counseling

support. Smartphones have a number of functions, including
Internet connectivity, accelerometers, and global positioning
systems, and can host applications that are used for self-
monitoring of dietary and physical activity behaviors.

Text messages delivered via mobile or smartphone con-
tinue to be a common strategy for DSM, either alone** or
in combination with other technologies.® Recent studies
conducted in T2DM*-° and TIDM®* evaluated the impact
of text messages and demonstrated overall improvements in
diet and level of exercise,* increasing weekly exercise and
daily consumption of fruits and vegetables,*** lowering fat
consumption,® and enhancing skills in food label reading.*
The effects of the text messages on improving the consistency
of the desired behaviors were positive, with the number of
days participants exercised each week increasing from 2 days
to almost 4 days and the percentage of participants who ate
fruits and vegetables each day increasing from 61% to 79%.%
Diabetes self-care scores improved for healthy eating and for
participation in 30-minute exercise sessions.*’

A number of recent systematic reviews have summarized
the features and content of popular mobile diabetes appli-
cations (or apps) available commercially or developed for
research.’35152 [n general, commercially available apps for
DSM are limited in their features, with most consisting of one
(54%) or two functions (28%) and a primary purpose of data
recording (eg, blood glucose readings).>! A large proportion
(~60%) of apps did not include features that cover all four key
DSM behaviors (ie, blood glucose monitoring, medication
adherence, monitoring dietary intake, and physical activity).>
Considerably, more apps contained features relating to diet
(51%—75%) compared to physical activity (40%—50%).%52 In
addition, a limited number (n=27) provided education, while
only a very small number (n=7) of these provided personal-
ization of either education or feedback.’® Most of the apps
in the literature had a positive effect on diabetes outcomes
(eg, HbAlc).>? Analysis of popular commercial apps revealed
low scores in relation to inclusion of behavioral theories in
their design. Apps classified as “diet trackers” scored the
highest out of the diet group (25/100) and “exercise trackers”
scored the highest out of the exercise group (29/100). The
scores were primarily low because the strategies used were
not personalized.*

With the inclusion of a camera feature, mobile phones
and smartphones are increasingly being used for image-based
dietary assessment within diabetes management. These
image-based records were of similar accuracy to written esti-
mated or weighed food records as a method for quantifying
intake among older adults with T2DM and were considered to
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have high usability and acceptability.”*** Computer vision, a
form of automated image analysis, has further expanded the
capabilities of these types of dietary records for DSM. 30553
Waki et al*® incorporated the smartphone app “FoodLog” into
a smartphone platform used for DSM called “DialBetics”.
Participants were required to take photos of their meal and
then the app (via an image recognition algorithm) automati-
cally identified foods contained within the image. The user
then selected the most appropriate match from a list of foods
in a predeveloped database, which included data on the nutri-
ent profile and portion size of the food item. In addition,
DialBetics incorporated a physical activity record (pedometer
step, exercise type, and duration), as well as blood glucose,
blood pressure, and body weight data collection.’ There was
moderate compliance with use of the DialBetics platform,
and the use of the FoodLog app was more consistent in col-
lecting the morning meal compared to the evening. Users,
however, did not always complete the entire meal analysis
process (70% completed), which compromised their oppor-
tunity to receive feedback on their nutrient intake. A positive
perception of the effect of the FoodLog app on dietary intake
was reported in half of the participants with the remainder
expressing dissatisfaction with the length of time needed to
complete the process (35 minutes each day).*

The “GoCARB” app used plate detection and food rec-
ognition algorithms to estimate the carbohydrate content of
meals present in images.”> When the GoCARB application
was tested in 19 adults with T1DM, the estimation error of
the carbohydrate content of each meal using manual estima-
tion was 28138 g, whereas when using the GoCARB app, the
estimation error was reduced to 12410 g of carbohydrate. The
system correctly identified 85% of the food items contained
within the meals.’” The participants rated the usability highly,
but delays in the transmission of data and reliance on an Internet
connection were seen as negative elements of the application.’

Video games

Standard exercise or movement-based video games on
consumer platforms (eg, Nintendo Wii or Microsoft Xbox)
or via purpose-built games for DSM can be used to deliver
information and teach self-management behaviors in a fun
and engaging way. A number of video games have been
developed and evaluated for children and adolescents with
T1DM; however, these games also now target adults. The
Nintendo Wii Fit Plus, a general fitness video game, was
evaluated as a method to improve physical activity in adults
with T2DM.*® Participants in the intervention group were
asked to use the game for 30 minutes per day over a 12-week

period. The use of Wii Fit successfully increased physical
activity levels in this group. Players were more likely to
use the Wii Fit with other players such as family members
and partners.”® The social media game, “HealthSeeker”,
was specifically designed for T2DM or individuals at
risk of diabetes. Players were set “missions” containing
educational components explaining why the behavior was
beneficial and what steps can help to achieve dietary and
exercise goals. An evaluation of the game showed that
players of HealthSeeker completed 3,197 missions and
35,478 actions steps; consumed 17,256 healthy meals and
conducted 3,323 exercise activities. This was a significant
improvement compared to baseline, with an equal effect in
participants with or without diabetes.®

Virtual and augmented reality
Virtual reality is the digital creation of a complete virtual
environment that simulates reality (visual and auditory)
without sharing all of its physical qualities. In some
instances, the user can navigate through and interact with
the virtual environment. T2DM self-management education
can be delivered in a virtual reality environment or in a
traditional in-person format. These methods were compared
in a study which used a multidisciplinary team (dietitian,
diabetes educator, and nurse practitioner) to deliver care
to the participant in an initial individual consult, followed
by eight group sessions at weekly intervals.® The eHealth
intervention used food exhibits and exercise facilities in a
virtual world. The control group were provided with face-
to-face sessions conducted in a conference room. Physical
activity increased by 18% in the virtual group, whereas it
decreased by 25% in the face-to-face group; however, there
were no differences between the groups in dietary intake.
A study of participants with T2DM by Ruggiero et al®
used a third-party virtual reality platform “Second Life”
and a study website for communication, tracking goals,
and providing feedback on progress. The virtual reality
environment contained visual information (information
provided through three-dimensional images), such as tips
on label reading, and a learning center delivering written
materials and videos including those from the American
Diabetes Association. Virtual avatars of health professionals
(dietitians and exercise researchers) were used to present ten
education sessions on healthy eating and physical activity
topics. This included real-time discussions about nutrition
held in a supermarket or fast food restaurant. As in the earlier
study, the virtual reality intervention resulted in a signifi-
cant increase in real-life physical activity levels. Changes
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in dietary intake were reported only for participants using
the Second Life virtual world, with the only change being a
decrease in meat intake.®!

In contrast to virtual reality, augmented reality is the
digital superimposition of virtual elements (usually objects)
on the current physical environment to enhance or inhibit
the individuals’ experience of reality, for example, using
portion size guides in smartphone apps. Augmented reality
is emerging as a novel method to assist individuals with
dietary self-monitoring, in particular, the estimation of the
portion size of carbohydrate-containing foods. Augmented
reality can be used in a number of ways, for example, users
are required to manually retrace food consumed to receive
feedback on carbohydrate intake.®? The effectiveness of this
type of augmented reality feature was tested in patients with
T1DM to assess improvements in the accuracy of carbohy-
drate counting.® Participants also used a smartphone app to
log blood glucose levels, insulin, and physical activity. The
intervention significantly improved carbohydrate counting
accuracy; however, participants identified limitations includ-
ing the complexity and time taken to draw the foods. This
augmented reality system was less effective for whole meals
including multiple mixed foods.®

Wearable technologies

Wearable technologies, including pedometers (eg, Yamax
Digi-Walker SW200), consumer-grade accelerometers (eg,
Fitbit and Jawbone), and smartwatches (eg, Apple Watch,
Samsung Gear, and Pebble) are emerging as novel ways to
support DSM by self-monitoring physical activity and dietary
behaviors and providing the user with immediate feedback,
reminders, and alerts. The majority of research has focused
on pedometers. In 2014, Qiu et al* conducted a meta-analysis
of eleven randomized controlled trials that investigated the
relationship between pedometer use, physical activity, and
glycemic control in individuals with T2DM. Pedometer use
was associated with increased physical activity (an increment
of ~1,800 steps/day). Interestingly, studies that included goal
setting had a greater impact on increasing physical activity
than studies without goal setting. Despite this increase in
physical activity, there was no change in HbAlc, even in
the subgroup with goal setting included in their interven-
tion. The authors concluded that more research was required
to elucidate the benefits of pedometers. In particular, to
determine the effect of the volume and intensity of activity
on different parameters of glycemic control, such as fasting
plasma glucose and HbAc, in different subsets of patients
with diabetes.

Smartwatch technologies have been investigated in recent
studies of DSM. Arsand et al® conducted a feasibility trial
of the smartwatch “Diabetes Diary” application. The authors
developed and trialed a Pebble smartwatch application in a
small sample of participants with TIDM. This app allowed
an entry to be made directly into the smartwatch, recording
carbohydrate intake, physical activity, insulin, and blood glu-
cose level. Diabetes Diary featured a vibrating alert function
to remind participants about timing of meals and the need for
blood glucose measurement. Participants provided positive
feedback for usability and the functionality of the Diabetes
Diary in supporting DSM.

Challenges and facilitators to using
eHealth technologies for DSM

A multitude of social, cultural, and economic factors influ-
ence DSM, and it is important for the health care provider to
identify these so as to best support the patient in reaching their
goals.® The use of some technologies may raise concerns
in users about lack of personal contact when using remote
technology, and it may be perceived as less applicable to those
with a disability, or social disadvantage or culturally diverse
groups.®’ An individual’s eHealth literacy, or their knowledge,
comfort, and skills to use various technologies to manage
health, is also a vital consideration when contemplating
eHealth interventions.®® Younger individuals with a higher
education level tend to be more eHealth literate;* however,
elderly patients may successfully adopt new technology with
appropriate support.”>’! Population levels of eHealth literacy
change as new technologies emerge and as social values,
norms, and environments evolve.® Therefore, this approach
requires the health care provider to be confident and familiar
with new technology,®”’? have an understanding of the ben-
efits and risks of each type of technology, and recognize that
technology may present an additional burden to the patient.”
The use of eHealth technologies within clinical practice also
presents new challenges and unique requirements in regard
to data governance (collection, transmission, sharing, and
storage of data) relating to health care. Requirements in
relation to the privacy and security of eHealth information
are country specific (eg, Health Insurance Portability and
Accountability Act within the US), and any technologies
used must be compliant with legislation.

Access to technology is improving and allows users to
more readily benefit from DSM innovations. Internet usage
has exceeded 85% in the US, UK, Australia, and Canada,
but the usage is only 40% worldwide.” Mobile phone use is
projected to reach 70% of the world’s population by 2020,
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with emerging markets in the Asia Pacific, Middle East, and
Africa’ paralleling the geographic areas with the most rapidly
increasing diabetes prevalence. In addition, as technology has
progressed, barriers such as cost have become less significant.
For example, consumer-grade wearable activity monitors
are now widely available and relatively inexpensive and are
considered valid for tracking activity.”® Along with blood
glucose monitoring technologies (Bluetooth-enabled meters
and continuous and flash monitoring), lifestyle technologies
can improve motivation, enhance DSM, and allow efficient
data sharing with the health care team. Each of these devices
provides opportunities to access a greater proportion of the
“difficult-to-reach” populations and can build health literacy
and social networks, which as a consequence reduce health
disparities.®””-* Importantly, eHealth may offer one of the
few options for people with chronic disease in resource-poor
environments.®! To facilitate effective uptake, it is important
to tailor the use of eHealth technologies to the individual. In
addition, it is imperative that both the potential advantages
and disadvantages of these technologies are discussed with
the patient to ensure that the most appropriate technology is
selected to support DSM.

Implications for practice and

further research

Best practices for DSM education and training have
previously been identified.** Strategies included regular
monitoring of behaviors and outcomes, interactivity and
multicomponent features, and an acknowledgment of the
need to tailor the selection of technology to the patient and
their level of experience and lifestyle.*” Extending on this
concept, we provide suggestions for how the eHealth tech-
nologies outlined in this review may be used to address issues
of access, personalization, continued support, and patient
monitoring in the broader context of DSM education and
support.?® Although the features and uses of these technolo-
gies continue to evolve, it is pertinent to acknowledge their
current advantages and disadvantages (Table 1).

Within the studies discussed in this review, most apps did
not have the ability to tailor the content to the individual, with
a large number displaying features that would not be of any
benefit to some individuals with diabetes (eg, insulin adjust-
ment for T2DM controlled by diet only).*® If app selection
is tailored to the individual needs, motivations, and prefer-
ences, it may support more meaningful use, particularly if
there are tools available to guide clinicians in this process.*
Given the chronic nature of diabetes and the need for daily

support, priority should be given to the evaluation of features
that adapt content and feedback in response to user progress
to maximize patient engagement over the long term. This
could be achieved through adaptive interventions that assign
different components of a program to different individuals
based on identified characteristics, and which then alter the
frequency of contact in response to the individual’s progress.®
However, the majority of eHealth technologies in this review
simply documented data, with minimal or no ability to use
these data to guide patients in making appropriate behavior
changes;*' therefore, this is an area of DSM research that
requires attention.

The synthesis of multiple data on patterns of diet and
physical activity combined with real-time physiological
tracking (eg, via continuous glucose monitoring devices),
and contextual (eg, location) information, provides a “digital
data ecosystem” with potential to support DSM, in particular
T1DM.® Recent focus has shifted toward designing strategies
that use the sensors (eg, global positioning systems) within
smartphones and other wearable devices (eg, smartwatch)
to allow for “just-in-time” interventions delivered when the
individual needs it most.3* Through sensor technologies, and
the linking of sequenced automated decisions and immediate
feedback, just-in-time adaptive interventions may further
enhance the level of personalization in relation to eating and
activity behaviors. These types of interventions show promise
for adoption within DSM education and support strategies.

The use of eHealth technologies by patients for DSM
must be practical and value-add to care for both the patient
and their clinician. While the number of diabetes-specific
smartphone apps has increased rapidly in recent years, limi-
tations exist around their role in diabetes management. Cur-
rently, these technologies are still best placed to complement
traditional patient—clinician contact, rather than to be used
exclusively as a treatment option. Opportunities may arise in
the future to combine different technologies (eg, web-based
program with smartphone app) with synchronous telehealth,
such as video or telephone calls, to mitigate access barriers
to one-on-one DSM education and support. However, further
improvements in personalization, decision support compo-
nents, and communication between multiple technologies/
software are needed to support their standalone use.’741°1:52

To date, most of the evidence relating to eHealth for
DSM supports more established technologies such as text
messaging, web-based programs, and smartphone apps. The
use of more interactive and sophisticated technologies, such
as computer vision, virtual and augmented reality, and video

submit your manuscript

386

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

eHealth for nutrition and physical activity in DSM

Table | Advantages and disadvantages of eHealth technologies

Technology

Advantages

Disadvantages

Mobile phones and smartphones

Text messages

Applications (apps)

Web-based programs

Video games

Virtual reality

Augmented reality

Wearable
technologies

Broad reach due to ubiquitous use of cell/mobile phones
and smartphones and ability to be sent across multiple
operating systems

Messages can be personalized to the individual

Useful as an adjunct (booster) with other technology types
Relatively less expensive to set up and deliver compared
to other technologies

Portability of smartphones and associated mobile devices
allows immediate access to apps

Ability to push notifications and reminders based on data
entered or collected passively

Ability to link data with other apps and/or devices

(eg, through the use of API)

Offline functionality is common, however, it is dependent
on the features of the app

Flexibility in the content and features including capability
for multimedia content and peer and health professional
support

Can be used across multiple devices with Internet access
(eg, computer through to smartphone); however, user
experience may differ across the different devices

Most commonly used for promoting exercise

Increased accessibility in the home setting removes
some barriers to participation, eg, transport, cost of gym
membership, and stigma associated with exercising at
agym

Simulation of real-world scenarios can be used to

deliver information and train patients in self-management
behaviors providing an immersive, yet controlled
environment to rehearse behaviors

Provides information to support decision making in the
context of real-life situations

Able to be used on common devices (eg, smartphones)
Conveniently located and immediate feedback on behaviors
(eg, step/day)

Ability to program alerts and reminders (eg, sedentary
time)

Character count (n=160) per message limits detailed
messages (although multiple messages can be sent)
Although other content can be sent (eg, audio or video),
individuals may have restrictions on the type of content that
can be received (ie, text only)

Interaction may not be offered (ie, one way) or may be
limited (ie, single word replies) due to limited automation

If using a third-party app, no control over the timing or type
of content and/or feature changes

If developing an app, ongoing costs associated with
maintenance and updates to software (eg, update of operating
system)

Some apps are only available on selected operating systems
(eg, Apple’s iOS) which may limit accessibility

Requires Internet connection with most having limited or no
offline capacity

Requires specific technology (eg, video game console)
Largely generic and unsupervised; may not account for
variations in an individual’s ability to exercise

Requires specific technology (eg, headset)

Generic simulation of real-world scenarios may not exactly
translate to individuals’ lived experience with diabetes

Virtual content tends to be built for specific situations;
therefore, the use may be limited to selected environments

Battery life can vary between devices
Limited information available on device itself, requires pairing
with computer/smartphone

Abbreviations: API, application programming interface; eHealth, electronic health.

games, has in the past been restricted by the need for non-
portable, expensive equipment. However, uptake is likely to
surge with virtual reality headsets now becoming more widely
available for consumers (eg, Oculus Rift, Samsung Gear VR,
and Sony PlayStation VR).* As a result, opportunities will
arise for clinicians, researchers, and industry to be involved
in the development, implementation, and evaluation of vir-
tual reality environments for the support of DSM behaviors.

The effect of combined asynchronous (static or delayed
interaction, eg, website and email) and synchronous (real
time, eg, telephone and video calls) technologies on the

efficacy of DSM warrants further investigation.>”*! With
regard to self-monitoring of diet and physical activity to
inform DSM, questions remain as to the optimal dosage
(amount, frequency, or intensity) necessary to enhance
glycemic control. Determining the optimal sequence of
eHealth-based strategies for DSM at the individual level
can be achieved through study designs such as a sequential
multiple assignment randomized trial (SMART). Compared
to randomized controlled trials that aim to evaluate the effect
of an existing intervention, SMART designs aim to optimize
the intervention arm.* The use of these study designs to
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optimize eHealth components and determine the ideal dosage
as part of an adaptive intervention is gaining momentum in
obesity management settings;®” however, studies of this type
for DSM are yet to be undertaken.

Conclusion

This review summarizes recent evidence regarding a num-
ber of technologies to support DSM in relation to diet and
physical activity. Text messages, smartphone apps, and
web-based programs can have positive impacts on DSM
behaviors. Although still in their infancy, computer vision,
video games, wearables, and augmented and virtual reality
demonstrate potential as another opportunity to support
DSM through automation and immersion; however, indi-
viduals should be adequately trained in the use of these
technologies. Practice recommendations include tailoring
the use of eHealth technologies to an individual’s DSM
needs and preferences, while further data on the efficacy,
usability, and acceptability of the more novel technologies
is required. Research into the optimization of these tech-
nologies (including types and dosage) to support diet and
physical activity behaviors in the context of adaptive DSM
interventions is warranted.
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