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Abstract

Globally, the burden of noncommunicable diseases such as type 2 diabetes is crippling health care systems. Type 2 diabetes, a
disease linked with obesity, affects 1in every 30 peopletoday and is expected to affect 1 in 10 people by 2030. Current provisions
are struggling to manage the trgjectory of type 2 diabetes prevalence. Offline, face-to-face education for patients with type 2
diabetes has shown to lack long-term impact or the capacity for widespread democratized adoption. Digitally delivered interventions
have been developed for patients with type 2 diabetes, and the evidence shows that some interventions provide the capacity to
support hyperpersonalization and real-time continuous support to patients, which can result in significant engagement and health
outcomes. However, digital health app engagement is notoriously difficult to achieve. This paper reviews the digital behavior
change architecture of the Low Carb Program and the application of health behavioral theory underpinning its development and

use in scaling novel methods of engaging the population with type 2 diabetes and supporting long-term behavior change.
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Background

The prevalence of both prediabetes and type 2 diabetes is
increasing globally. Currently, 4 million people are diagnosed
with diabetes in the United Kingdom, 90% of whom have type
2 diabetes. By 2030, nearly 10% of the UK adult population
may require diabetestreatment [1]. Intermsof health inequdlity,
diabetes more commonly affects people of low (rather than
high) socioeconomic status, particularly women [2,3]. By 2035,
the UK Nationa Health Service (NHS) is predicted to spend
approximately £17 billion ayear on treatment for diabetes and
avoidable diabetes-related complications, which s
approximately 17% of its entire budget [4].

Patients diagnosed with type 2 diabetes are known to have
difficulties adhering to their treatments (medications, diet, and
lifestyle change) [5,6], and despite many recent technical

http://diabetes.jmir.org/2020/1/€15030/

breakthroughsin health care, human behavior remainsthelargest
source of variancein health-rel ated outcomes[ 7]. Nonadherence
to treatment negatively affects NHS treatment efficacy and
finances [8-11]. Nonadherent patients diagnosed with type 2
diabetes are more likely to have higher blood glucose levels
(hyperglycemia), resulting in higher hemoglobin A, (HbA )
levels [12]. Previous prospective studies in patients with type
2 diabetes have shown an association between the degree of
hyperglycemia and increased incidence and progression of
microvascular complications (diabetic retinopathy, loss of
vision, and nephropathy) [13,14], sensory neuropathy [13,15],
myocardial infarction (heart attack) [13,16,17], stroke [18],
macrovascular mortality [19-21], and all-cause mortality
[20,22-25].

In the UK Prospective Diabetes Study, a 1% reduction in the
average HbA . level was associated with a 21% reduced risk
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of any adverse outcome related to diabetes, 21% reduced risk
for deaths related to diabetes, 14% reduced risk for myocardial
infarction, and 37% reduced risk for microvascular
complications [26].

Research has shown that having better glycemic control is
associated with abetter quality of life[27]. Psychosocial factors
often determine self management behaviors and the ability to
adhereto treatment. Psychosocial variables (such as depression)
are often strong predictors of medical outcomes such as
hospitalization [28]. The American Diabetes Association
released a position statement; the first recommendation stated
that psychosocial care should be integrated with collaborative,
patient-centered medical care and provided to all people with
diabetes, with the goals of optimizing health outcomes and
health-related quality of life [29].

Patients’ Behavior

Patients' behavior directly contributesto their treatment success,
with doctors relying on patients to take their prescribed
medication alongside making and maintaining dietary and
lifestyle changes. Many of the most significant challenges in
health care, specifically inlong-term or chronic conditions, such
as type 2 diabetes, will only be resolved if we can influence
behavior and support sustainable behavior change.

An analysisfrom a secondary care diabetes clinic in the United
Kingdom found that 86% of those with type 2 diabetes are
overweight or obese. Obesity is associated with significantly
worse cardiovascular risk factors, suggesting that more active
interventions to control weight gain would be appropriate to
help addressthe increasing burden of obesity and type 2 diabetes
on the NHS. The National Institute for Health and Care
Excellence (NICE) guidelines established that adults with type
2 diabetes who are overweight, should be set an initial body
weight loss target of 5%-10%. [30] Regardiess of the
interventions used to lose weight—pharmacological [31] or
behavioral [32]—the weight is commonly regained [33].
Typically, half the weight lost is regained in the first year.
Weight regain often continues up to 3-5 years after treatment
and, on average, 80% of people return to or exceed their
preintervention weight [34]. Similarly, relapse rates are high
for individuals who initiate attempts to stop smoking [35,36]
and those who try to reduce alcohol consumption [37].
Therefore, effective interventions that consider known factors
associated not only with initial weight loss but also critically
with weight loss maintenance such as building on internal
motivations to lose weight, establishing social support
mechanisms, identifying coping strategies, or providing support
for self-efficacy and autonomy can all enhance weight loss
maintenance, which is crucial for the long-term success of any
weight loss interventions [38].

There is considerable evidence that health behaviors can be
effectively modified through behavior change interventions
[39-42]. However, there is a disproportionate number of
behavior change theories in the academic literature, including
both those that assessthe use of interventionsfor health behavior
initiation and those that theorize interventions essential to
behavior change maintenance [43]. In addition, behavior change
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theory is most frequently used to explain behavior itself rather
than potential behavioral change interventions [44].

Novel Application of Behavior Change
Theory

This paper introducesthe Low Carb Program Health Behaviour
Change platform—a digital architecture developed to initiate
and maintain behavior change in patients with type 2 diabetes
and other chronic metabolic health conditions.

The purpose of this paper is to explore the conceptua
hypotheses and theories around which the digital architecture
has been built, with the aim of contributing to current
psychological literature, simulating research, and encouraging
the development of new digital applications created with the
intention of initiating and maintaining health-related behavior
change.

The Low Carb Program is a digitaly delivered, automated,
structured health intervention for adults, personalized to people
with type 2 diabetes, prediabetes, and obesity. User data are
used to personalize the experience member’s receive. The use
of user data has been suggested to improve patient engagement
through individualization of the participant’s experience [45].

In the on boarding of the program, patients are instructed to
select a health goal and input their current health status and
demographics including age, gender, ethnicity, and dietary
preferences—all of which are used to personalize the
participant’s experience of the platform.

Participants are given access to therapeutic nutrition education
modules. Education is personalized to the user’s health status,
age, ethnicity, and dietary preferences. A new module is
available each week over the course of 12 weeks. Lessons are
taught through videos, written content, or podcasts of varying
lengths (approximately 3-12 minutes long). The program
encourages participants to make behavior changes based on
“Action Points’ or behavior-change goals at the end of each
education module.

Participant’s health goals are supported with behavior change
resources that are available to download including information
sheets, meal plans, and suggested food substitution ideas.

Users are matched within the platform to a digital buddy and
are given access to a peer-support forum available 24 hours a
day. Behavior change is maintained through continual
engagement, new modules, and nudgesto track health outcomes
and interact with the support community.

Automated feedback and nudges are provided to users based
on their use of the program through emails and native in-app
push notifications, and participants are notified when the next
week’s module is available.

Outcomes of the Platform in the Real
World

The 1-year outcomes of the Low Carb Program, which utilizes
the behavior change architecture, were previously published
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[46]. The 1-year outcomesfor peoplewith type 2 diabeteswere
reported in asingle-arm longitudinal study that assessed users
engagement within the platform aswell astheir health outcomes
including weight, HbA ;. levels, and medication dependency.

Participants who completed the program lost an average of 7%
body weight and reduced their HbA . levels by 1.2%; in
addition, 40% eliminated a diabetes medication from their
treatment. Further, 26% of participants compl eting the program
were classified as being in remission from type 2 diabetes at 1
year. The platform al so demonstrated a 71% retention at 1 year.

The resultswere collected after ayear of theindividual joining
the platform, indicating that the behavior change wheel is also
of clinical importance for maintaining positive health behaviors
acquired during the initiation period.

The Low Carb Program, launched in November 2015, is
avalable as an iOS, Android, and Web app and has been
downloaded over 425,000 times. It includes digital tools for
submitting self-monitoring data on a number of different
variablesincluding blood glucose levels, blood pressure, mood,
deep, food intake, activity, medication consumption, and body
weight. The program is integrated with wearable and
Bluetooth-enabled devices. As such, data can aso be brought
into the platform without requiring user input (Multimedia
Appendix 1 and 2).

The Capability, Opportunity, Motivation,
and Behavior Model of Behavior Change
and Low Carb Program

Overview

The COM-B (capahility, opportunity, motivation, and behavior)
model was developed as a response to the inability of the
majority of prevailing theories to provide strategies to change
behavior and as part of a “method for characterizing
interventions and linking them to an analysis of the targeted
behavior” [47]. It is essentially a behavioral system that posits
the interaction of three components—capability, opportunity,
and motivation—which result in the performance of behavior
[48]. COM-B canvases a range of mechanisms involved in
behavior change and is “intended to be comprehensive,
parsimonious and applicable to all behaviours’ [48].

Each component can be subdivided into two heuristics:
capability can be either “psychological” (involving knowledge
and psychological skills) or “physical” (involving physical
skills); opportunity can be either “socia” (involving social
influences and cultural norms) or “physical” (involving
environmental resources, triggers, time, locations, and physical
barriers); motivation can be either “reflective” (involving
conscious planning or evaluation) or “automatic” (involving
emotional responses, impulses, and reflexive responses) [47].

The following section will map each feature within the Low
Carb Program to the relevant COM-B domain.
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Social Opportunity

Peer Support Feature

Social opportunity refersto the people’s environment that either
hinders or facilitates their behavior [49]. Socia influences can
be defined as“interpersonal processesthat can causeindividuals
to change their thoughts, feglings, or behaviours’ and includes
constructs such as social norms, social comparisons, modelling,
socia support, and social pressure [50].

Social relationshipsare adaptive and crucial for survival. Social
connections have powerful influences on health and longevity.
Lacking social connection qualifiesasarisk factor for premature
mortality [51].

Social support hasreceived attention asamediator or moderator
of health outcomes [52]. Social support has been facilitated in
behavior change interventions in distinctive approaches in
diabetes education. Researchers have examined the impact of
group-based training [53,54]; peer group support that included
telephone calls [55,56]; organized internet peer group forums
with and without the addition of personal coach support [57,58];
and support from peers, spouse, family, and friends [59].

An empirical study of knowledge creation and socia support
on a diabetes online community forum concluded that being a
member of the community forum had a positive impact on its
members wellbeing and can help members manage their
relationship with heath care professionals. The authors
concluded that members felt less emotionally burdened while
managing their diabetes as a result of being a member of the
community [57].

In an overview of peer support models to improve diabetes
self-management and clinical outcomes, interventions that
facilitate peer support are found to be a low-cost approach to
encouraging dietary changes both in weight and diabetes
managements [60,61]. Social networking and publicly sharing
your progress on socia mediahasbeen shownto beabeneficial
and effective strategy for weight loss [62,63]. The Low Carb
Program accommodates a dedicated peer support community
forum. Patients are able to access the forum 24/7, providing
usersadynamic socia network that allowsrea -timeinteractions
with their peerson acontinuous basis. Thisfacilitates aconstant
source of information, knowledge, personal anecdotes, and
behavioral reinforcement from their peersworldwide. Usersare
encouraged to ask questions and share their goals and progress
via facilitated discussions such as “Weigh in Wednesday”
threads. Users of the Low Carb Program have access to the
socia support forum even after they have completed al the
education modules. It is hypothesized that a significant
proportion of the success of the Low Carb Program could be
attributed to the forum, even users who do not actively post are
ableto “lurk,” meaning that they regularly read threads but do
not necessarily comment or actively engage with the content.

Buddy System Feature

The Low Carb Program seeks to facilitate the use of a socia
support network in a digital setting by partnering up new
members with existing users who have successfully completed
the intervention, providing each user with a digital “buddy.”
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Members are matched on a number of attributes, including
self-selected health goals, demographics including age and
ethnicity, diabetestype, and starting medication regime. Buddies
facilitate observationa learning in a digital setting,
“communicating” with the new membersviaemailsand in-app
push notifications. The “social opportunity” element of the
behavior change whedl asserts that people can witness and
observe a behavior conducted by others and then reproduce
those actions. If individuals see successful demonstration of a
behavior, they are aso likely to complete the behavior
successfully.

Research on the effectiveness of abuddy systemin other digital
settingsis somewhat contradictory, particularly when analyzing
different age groups. Sylvetsky et al [64] found that assigning
young, healthy, and motivated volunteer partners or “buddies’
to adolescents with type 2 diabetes did not result in an
improvement of HbA ;. levels; however, this was not the case
for adults with type 2 diabetes, where “buddying up” resulted
in an effectiveimprovement of HbA ;. levels. Thelatter findings
were aso observed by Greaney et a [65]: Individuals paired
with a buddy who offered support showed greater reduction in
multiple risk behaviors compared to nonpaired controls. This
research suggests that engagement with individuals that share
similar conditions and demographics could enhance goa
attainment and result in more desirable health outcomes.

Reflective M otivation

Goal Setting Feature

Reflective motivation involves our conscious and reflective
processes that motivate our behavior [47] and includes goal
setting. Goalsrepresent an individual’s goalsto achieve personal
self-change, enhanced meaning, and purpose in life [66].
Evidence suggests that goal setting can act as an effective
behavioral treatment strategy to change health behaviors and
improve adherence to lifestyle intervention programs, such as
diabetes management [63] and obesity prevention [67]. To
enhance engagement and adherence to behavior change
interventions in adults with obesity, goal setting has been
suggested to be essential in theimprovement of health outcomes

[67].

The Low Carb Program provides patients with the opportunity
to self-select their goalsfor the platform. Beyond simply setting
a goal, the “Crystal Ball Technique” [68] is used, whereby
members are nudged to consider afuture reality in which their
goa has been achieved; they are asked to think about what
achieving their goal would mean to them and draw on their
social norms to share who they think will notice if they areto
be successful in attaining their goal. A systematic qualitative
review of effectiveness of solution-focused therapy found that
74% of studies reported significant positive benefit from this
solution-focused therapy [69]. Motivational solution-focused
therapy has been previously utilized to encourage entry into an
intervention intended to improve glycemic control in young
people with poorly controlled type 1 diabetes. The researchers
found that the approach produced a significant improvement of
1.5%in HbA . levels, concluding that asolution-focused group

intervention is promising for improving HbA,. levels [70].
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Locke and Loatham [71] developed the theory of goal setting
and theorized that in order for agoal to be motivating, it needs
to be specific and challenging; it also requires commitment,
feedback, and task complexity [71].

When setting a goal within the platform, users are nudged to
reflect on how close they perceive themselves to be to achieve
their goal using adliding scale of 1 and 10 points. Periodically,
asthey are using the platform, they are prompted to “check-in”
with their initial goal and report on the same scale.

When it comes to maintaining behavior change, a systematic
review of the psychosocial and sociodemographic determinants
of physical activity maintenance [72] revealed that maintainers
had higher self-efficacy and intention compared with those who
relapse. Therefore, beliefs about capabilities, motivations, and
goals may be among the strongest variables associated with
behavior change maintenance. Additionally, a
motivation-focused weight loss maintenance program is an
effective aternative to a skill-based approach [73]. The
combined research on goa setting across many different
contexts and fields of study demonstrates that goal setting
encourages aperson to try harder and for longer periods of time,
with less distraction from the task at hand [ 74] and thereforeis
rightfully integral to the Low Carb Program.

Psychological Capability

Health Tracking Feature

Psychological capability refers to people's physica
psychological skills, for example, knowledge, strength, or
stamina to engage in mental processes [49]. Included in this
domainis*behavioural regulation” defined as*anything aimed
at managing or changing objectively observed or measured
actions’ and includes constructs such as self-monitoring, action
planning, and habit breaking [50].

Monitoring goal progressis an effective self-regulation strategy
that promotes goal attainment, as it serves to identify
discrepancies between the current state and the desired state
and thus enables people to recognize when additional effort or
self-control isneeded. Interventionsthat increase the frequency
of progress monitoring are likely to promote behavior change
[75].

According to literature reviews, in addition to setting agoal to
promote behavior change, tracking its progressisjust ascrucial
and effective to promote sustained behavior change [63]. Recent
findings suggest that program interventions that elevate the
frequency of progress monitoring are likely to induce behavior
change [75]. Among the several benefits of self-tracking and
reviewing tracked data are the following: patients can identify
trends and correlations from their data and become more
independent in managing their conditions; tracking can also
provide opportunities for patient education [76].

The Low Carb Program offersan integrated tracking mechanism
whereby patients can self-track their weight, food, mood, blood
glucose levels, medications, sleep, blood pressure changes,
cholesterol levels, insulinlevels, and ketonelevels. The platform
al so has many wearabl e devices and Bluetooth-enabl ed devices
such as blood glucose meters or weighing scales, with which
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users can bring in data from devicesto monitor trends and view
interactions with other variables they may be tracking. The
platform also nudges patients to embrace novel methods of
tracking progress, for example, taking selfies, from which there
are machine learning algorithms that can predict waist-to-hip
ratios. The Low Carb Program reinforces behavior change by
providing intelligent insights based on the tracked data into
trends. The platform then nudges users when their tracked data
are congruent with the trends required for their self-selected
goal attainment.

Memory Aids and User-Engagement

One reason that behavioral change interventions do not deliver
sustained effects is that they do not consider unintentional
reasons for patients failing to adhere to their treatment plan.
“Simply forgetting” isan example of unintentiona nonadherence
and serves as the most commonly reported reason for people
not taking their medication [77-79]. Recent triadls have
demonstrated the benefits of telephoneinterventionsto remind
patients to pick up new prescriptions and talk about adherence
[80,81]. However, utilizing staff to telephone patients is often
cost prohibitive. Short message service or text message
reminders are a less expensive way forward [82]. Research

Figurel. Low Carb Program Behaviour Change platform architecture.
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suggests that reminders can significantly increase patient
attendance to clinic appointments [83] and reduce no-shows
across health care settings. A recent paper showed that sending
multiple notifications could improve attendance and text
notifications improved attendance [84]. A text messaging
support system was also shown to improve self efficacy and
adherence, engaging a classically difficult-to-reach group of
young people [85]. Texting messages has proven to be a
productive communication method for promoting behaviors
that support weight loss in overweight adults [86].
Unfortunately, text-message interventions are difficult to
implement in organizations that do not have a large-scale
text-message distributor. For these reasons, a richer and more
comprehensive set of behavior change techniques and
technology-based interventions should be explored. The Low
Carb Program architecture (Figure 1) utilizes email and in-app
push notifications to encourage user’s continual engagement
with the program. Users receive notifications when a new
module is added or opened with that week’s “actions” When
they have a new reply from a member of the community, they
also receive nudgesto continue tracking their progress and when
feedback is provided, for example, a new insight is generated
from their tracked data.

JMIR Diabetes 2020 | vol. 5 | iss. 1| e15030 | p. 5
(page number not for citation purposes)


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

JMIR DIABETES

Thelanguage used within these notifications and nudgesisalso
considered, building on Locke's Goa Setting Theory [87]:
Telling someoneto “Try hard” or “ Do your best” isless effective
than “Try to get more than 80% correct” or “Concentrate on
beating your best time” The Low Carb Program behavior
change architecture encourages health promoting behavior such
as“Try to log more hours of sleep” when they are getting less
than the recommended amount or “ Continue your great blood
glucose streak today, track your readings and stay within your
targets” These notifications have been tested within the
architecture and optimized for different userswithin the behavior
change programs.

In addition to the emails and push notifications running
alongside the initial implementation phases of the education
programs, notifications and emails are used to re-engage users
who have not maintained their engagement within the programs.
Usersare nudged back into the program with tailored messages
based on demographics, time elapsed, and their self-selected
goal.

Automatic Features

Personalized Content Contextualized Within Cultural
Norms

Research has previously demonstrated that gender, attitudes,
subjective norms, perceived pros, different self-efficacy
expectations, and habit strength are significantly associated with
healthy eating habits [88]. The NICE guidelines in the United
Kingdom actually state that information should be provided in
an accessible format (particularly for people with physical,
sensory, or learning disabilities and those who do not speak or
read English) and educational materials should be trandated, if
needed [89]. The general consensus from the behavior change
literature is that tailored interventions, which address an
individual’s specific circumstances and concerns, should be
more likely to stimulate change than untailored interventions.
Studies have found that compared to untailored messages,
tailored messages are more likely to be read and remembered;
saved; discussed with others and perceived by readers as
interesting, personally relevant, and written especially for them
[90-93]. In addition, -culturaly tailored education,
health-promoting information, and guidanceto ethnic/linguistic
minority groups has found to significantly improve their risk
factorsfor progression to diabetes such as excessive weight and
obesity [94] aswell as glycemic control and diabetes knowledge
compared to nonculturally tailored content [95-97]. Across
several economically devel oped countries, including the United
Kingdom, a number of ethnic groups experience higher levels
of morbidity and mortality compared to the mgjority of thewhite
European-origin population. Thus, creating culturally tailored
health-promoting approaches is essential to improve health
outcomesin people affected by diseases such as diabetes [97].

However, some literature highlights that although tailoring
information delivered as part of behavior change interventions
is a proven approach to enhancing message applicability, it is
not the only approach to do so, and under many circumstances,
it may not bethe preferred choice, with some researchersciting
insufficient evidence on the clinica effectiveness or

http://diabetes.jmir.org/2020/1/€15030/

Summers & Curtis

cost-effectiveness of these adapted approaches[96,98]. Thisis
wherethe Low Carb Program behavior change architecture may
be advantageous over other more traditional methods of
education delivery. As a Web and mobile behavior change
platform, the education can be tailored as an individual signs
up to the program with intelligent coding used to determine the
tailored information that users subsequently see; this includes
personalized education video modules delivered in native
language and tailored to cultural norms determined by users
ethnicity and language preferences, modified meal plans, and
recipestailored to dietary preferences and tailored content within
the “lifestyle” area of the app based on their self-selected goal,
age, and gender. The onboarding process also assigns the users
avirtual buddy based on a“best fit” criteria, matching previous
program completers asfar as possible to the user’s gender, age,
and disease profile and starting a medication regime and
self-selected goal, increasing the perceived personal relevance
and applicability of theinformation received within the behavior
change intervention.

Incremental Stages of Change

Key recommendations from leading experts in the field of
behavior change advise to start with small behavioral changes
and build upon these incrementally [49]. In addition, insights
from goal setting theories that support sustainable behavior
change show that deadlines at stages need to be set, and they
need to apply an appropriate amount of pressurewhilestill being
achievable [71]. The Low Carb Program architecture has a
number of elements to support incremental changes. These
stages of change do not exclusively facilitate the five
transtheoretical model stages of change, but support change,
aggregating over timeto establish sustainable health-promoting
behavior. The education modules are unlocked on a weekly
basis, encouraging incremental behavior changes over time.
Each education module is supported with an “action points”
video, outlining suggested changesto make over the subsequent
7 days before the next modul e opens; these are precise actions
with a set deadline by which the behavior modifications are to
be made. By delivering the education in this way, the user will
not be overwhelmed with lifestyle changes and instead, build
on them week by week. The user also gets the opportunity to
pause and restart their program at any time, closing opened
modules and restarting their journey to take account of
circumstances that may be impeding their ability to succeed.

Web-Based and Mobile-Based Delivery of I nformation

In order to address the growing burden of type 2 diabetes,
prediabetes, and obesity aswell asother chronic conditions, the
promotion of wellbeing and behavior change interventions
requires the delivery of scalable, engaging, and effective
interventions aimed at sustainable behavioral change. The
internet and pervasiveness of mobile devices offers an
opportunity to reach this goal.

Research demonstrates that smartphone or Web apps offer
significant benefits for patients in terms of patient care,
education, and promoting behavior change, although theimpact
on several aspects of Web and mobile health delivery have not
been clear, such as the cost-effectiveness and the adequacy of
the infrastructure [99]. Burner et al [100] suggest that mobile
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health isapromising approach to support patients with diabetes
and their health outcomes, and others [101] suggested that the
integration of mobile apps with diabetes management can be
beneficial for the lifestyle of the patients by providing useful
health and nutritional information. However, research pointsto
the need of further studies to be undertaken to establish the
effectiveness of in-person delivery compared to Web-based
delivery of behavioral change programs[102].

Internet-based interventions have been utilized with successin
behavior change interventions promoting mental fitness [103]
and to deliver cognitive behavioral therapy for people
experiencing symptoms of depression and anxiety [104]. One
of the major advantages of internet-based interventionsistheir
scalahility, asthey are able to engage hard-to-reach individuals
and can reduce the cost of care by reducing therapists' time
[105].

From a diabetes perspective, technology-enabled diabetes
self-management solutions significantly improve blood sugar
levels (usually, these effects are observed at 3-12 months). The
evidence from this systematic review indicates that
organizations, policy makers, and health care payers should
consider integrating these solutions in the design of diabetes
self-management education and support services. In conclusion,
digital (mobile phone) health solutions that incorporate
evidence-based, behaviorally designed interventions can
improve access to diabetes self-management education and
ongoing support [106].

A meta-analysis of 13 studiesincluding 6 randomized controlled
trials found that there were statistically significant reductions
of HbA . levels in the intervention groups at the end of the
studies. Theresearchers concluded that beyond improving HbA ;.
levels in patients with diabetes, the use of apps reinforces the
perception of self-care by contributing better information and
health education to patients. Patients also become more
self-confident in their ability to manage their diabetes, mainly
by reducing their fear of not knowing how to deal with potential
hypoglycemia episodes that may occur [107]. One interesting
observation of the researcherswas from an exploratory subgroup
analysis, which showed that having a clinical decision-making
function in app-based interventions was not associated with a
greater HbA . reduction. This implies that the value of the
app-based delivery of behavior change may be in the
self-efficacy generated by the patients themsel ves using the app
rather than its use as areplacement of their clinical reviewswith
their own health care professional teams.

The use of the Low Carb Program digital platform was never
designed or intended to replace theintricate rel ationshi p between
patient and health care professionals. Instead, it serves to
augment or assist usual care, for instance, support behavior and
lifestyle changes, which doctors feel inadequately trained to
counsel patients on [108,109], despite the fact that the NICE
guidelines specify giving lifestyle advice as a first-line
intervention for diabetes, obesity, and high cholesterol levels.
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Conclusions

The prevalence of obesity and subseguent noncommunicable,
metabolic conditions such astype 2 diabetes, polycystic ovarian
syndrome, Alzheimer Disease, and some cancersis drastically
increasing. Patients diagnosed with diabetes have problems
adhering to their treatmentsincluding medicationsand lifestyle
change. Current health care systems are struggling to provide
adequate training and education provisions necessary to
empower patients to adequately self-manage their conditions.
Patients' behavior contributes significantly to their treatment
success, which implies the necessity for behavioral solutions
to achieve long-term sustainable change. However, there till
remains uncertainty over how long the behavior change effects
last and the optima methods of delivery, in particular, the
intricate interactions of program characteristics required to
support sustainable change.

The key elements that make up the Low Carb Program are
grounded in the COM-B model and evidence-based behavior
change techniques that are shown to be effective in digital
platformsfor behavior changeinterventionsthat support weight
loss, increase physical activity, and improve self-efficacy of
chronic disease management.

The Low Carb Program is an effective tool to help support the
initiation and maintenance of health promoting behavior in
peoplewith type 2 diabetes, as demonstrated by industry-leading
health and engagement outcomes of education delivered using
the platform architecture. There is a clear requirement for
programs to be utilized as an adjunct to the current care
pathways for people with chronic conditions and obesity. This
poses further research questions, such as how digital
interventions can be used within ablended model of health care
and other long-term health conditions.

Regarding the Low Carb Program, further research is required
to systematically test the different elements of the ecosystem
for their influence on both engagement and sustai nable change.
For instance, it may be the case that certain individuals require
access to a peer support community to see long-term change
and health outcomes, while others may require access to data
to seereal -timefeedback to reinforce behaviors. Dueto the size
of the population within the platform, there is also an
opportunity to understand how to improve the effectiveness of
support for patients to achieve and maintain remission.

Research isrequired to explore the biological and psychological
characterigtics, online socia engagement, interactions, and social
context of patients with type 2 diabetes who use the digital
platform and achieve type 2 diabetes remission and maintenance
compared to patientswho do not. This could be used to devel op
risk stratification modelsthat can be applied to effectively triage
patients and identify the targeted support they need to achieve
and maintain type 2 diabetes remission as well as further
hyperpersonalize the behavior change ecosystem.
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