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Type 2 diabetes (T2D) is a large disease burden worldwide and represents an increasing and complex challenge for all societies.
For the individual, T2D is a complex, multi-dimensional, and long-term challenge to manage, and it is challenging to establish
and maintain good communication between the patient and healthcare professionals. This paper presents DiaFocus, which is
a mobile health (mHealth) sensing application for long-term ambulatory management of T2D. DiaFocus supports an adaptive
collection of physiological, behavioral, and contextual data in combination with ecological assessments of psycho-social
factors. This data is used for improving patient-clinician communication during consultations. DiaFocus is built using a
generic data collection framework for mobile and wearable sensing and is highly extensible and customizable. We deployed
DiaFocus in a 6-week feasibility study involving 12 patients with T2D. The patients found the DiaFocus approach and system
useful and usable for diabetes management. Most patients would use such a system, if available as part of their treatment.
Analysis of the collected data shows that mobile sensing is feasible for longitudinal ambulatory assessment of T2D, and
helped identify the most appropriate target users being early diagnosed and technically literate T2D patients.
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1 INTRODUCTION
Diabetes mellitus is one of the major healthcare challenges society faces today, with the global incidence estimated
to reach approximately 700 million by the year 2045 [60]. Type 2 diabetes (T2D) accounts for the vast majority of
diabetes cases and is primarily characterized by peripheral insulin resistance and hyperglycemia. AlthoughT2D
typically manifests at an advanced age, in recent years the proportion of younger patients has been increasing
continuously, causing reason for concern [37]. Indeed, this worrying trend is primarily routed in an increased
prevalence of obesity, the widespread emergence of unhealthy dietary habits, and a generally more sedentary
lifestyle. Over time, uncontrolledT2D can result in both microvascular (e.g. nephropathy, neuropathy) and
macrovascular (e.g. atherosclerosis, coronary artery disease) complications that, in turn, have a negative e�ect on
morbidity and mortality.

There are multiple therapeutic options available for the treatment ofT2D, including lifestyle interventions
(physical activity and diet), oral antidiabetic medications, basal insulin therapy, and intensi�ed insulin therapy,
depending on the severity of the disease [19]. Yet despite the widespread availability of these interventions, a
substantial proportion of people living with diabetes around the world still do not reach their therapeutic targets
in terms of blood glucose levels (as measured by Hemoglobin A1c (HbA1c)), blood pressure and cholesterol [64].
This has multiple underlying causes, including clinical inertia, insu�cient therapy adherence, and a lack of
su�cient patient empowerment, all of which contribute to sub-optimal diabetes care and warrants attention
when developing and implementing disease management strategies [4, 5, 31, 34, 39, 41].

The integrated personalized diabetes management (iPDM) approach o�ers a structured disease management
process that leverages structured documentation and fosters communication between patients and their treating
healthcare professionals (HCPs) [17]. The iPDM concept, consisting of six steps that are repeated over the
continuum of care, has been shown to signi�cantly improve glycemic outcomes for people living withT2Don
insulin therapy in the randomized, controlled PDM-ProValue study program [30, 43, 44]. The study program
enrolled 907 patients from primary care or specialized diabetes practices and compared aniPDM intervention
with usual care over 12 months.iPDM not only signi�cantly improved HbA1clevels but also resulted in better
adherence as well as higher treatment satisfaction as perceived by patients and their treating clinicians, supporting
the notion of iPDM as a valid treatment option for improving clinical and patient-reported outcomes. However,
the original iPDM approach did not provide a digital patient-centric tool to facilitate the patient to be closer
involved in the structured process; the patient was merely asked to collect blood glucose data using a standard
Blood Glucose Monitor (BGM) in-between visits to the clinic,while patient-reported outcomes were collected
in paper form. The inclusion of additional digital patient-centric tools that augment theiPDM journey holds
promise to further improve these outcomes for people living with T2D [36].

In this paper, we present the design, implementation, and technical feasibility study of DiaFocus, which is
a novel smartphone-based system to collect behavioral and patient-reported healthcare information with the
goal of improving the communication processes between patients and their treating clinicians. DiaFocus is
designed to be the patient-centric tool that keeps patients engaged in theiPDM treatment process. Speci�cally,
DiaFocus implements a multi-sensory approach that combines passive mobile sensing of the patient's behavior,
physiological measures of blood glucose, experience sampling, and patient-reported healthcare information.
DiaFocus implements an `adaptive assessment' approach, which implies that the collection of sensor data and
experience sampling is adapted according to the speci�c diabetes focus area, which is agreed upon between the
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patient and physician in order to improve and focus the patient-physician consultations. Moreover, in addition
to the assessment of the behavioral and physiological aspects of the patient's health, DiaFocus has a distinct
focus on the assessment of thepsycho-socialaspects of handlingT2Dover an extended period of time. This broad
assessment and insight into the patient's life support the patient-clinician communication and help structure the
treatment and care in the iPDM treatment approach.

DiaFocus was designed in a user-centered design process involving a wide range of end-users, including
medical doctors, nurses, care and rehabilitation workers, and people withT2D. DiaFocus is implemented using a
general-purpose software architecture for mobile sensing and mobile health, which allows for easy extension
with, e.g., medical devices for glucose measures, other passive sensing modalities, or other patient-reported
surveys. DiaFocus was subject to a 6-week single-arm technical feasibility study involving 12 patients, which gave
valuable feedback on the technical stability, usability, and usefulness of the app and its use inT2Dmanagement.

2 BACKGROUND AND RELATED WORK
DiaFocus is designed as a personal health technology [10] enabling adaptive assessment of physiological, behav-
ioral, and psycho-social parameters for patients withT2D. This section provides some background onT2Dwith
a particular focus on the importance of assessing the psycho-social context of the patient and discusses other
diabetes-related personal health technologies.

2.1 Type 2 Diabetes
T2Dposes several challenges for the person living with diabetes and their supportingHCPs. Firstly, it is mainly
asymptomatic until an individual starts to experience the onset of diabetes complications. None of the markers of
diabetes management, elevated blood glucose, elevated blood pressure, or elevated cholesterol, in the range we
typically see in people withT2Dare associated with any symptoms. Thus as people engage in their everyday life,
there is nothing that tells people how they are doing unless they actively monitor these things. With the recent
introduction of continuous glucose monitors, it is easier to check how blood glucose is doing, but these devices
are expensive and rarely used byT2Dpatients. Along with the minimal symptoms, there is also the challenge of
the time lag and duration of e�ort that is required. Managing diabetes e�ectively takes years of persistent e�ort,
with the only outcome being to avoid developing complications.

For the patient, the ongoing management of diabetes is a tremendous task. To manageT2De�ectively and
avoid its long-term complications usually means changing dietary choices, increasing activity levels, stopping
smoking, reducing alcohol consumption, taking multiple medications every day, and some need to inject insulin
treatments. All of this has to be done while constantly monitoring own health and trying to coordinate all these
di�erent components while keeping physiological parameters like blood glucose levels, blood pressure, weight,
and cholesterol in the ranges that prevent complications.

For these reasons, it is well-known that people struggle to manage their diabetes. Despite the availability of
technical innovation and new drug treatments, the outcome of diabetes care is not improving, with the majority
of people still not getting to treatment targets [38]. The most recent large-scale longitudinal data on the success
of diabetes care shows that diabetes care outcomes have deteriorated in the last few years [24].

These poor outcomes probably re�ect the challenge of living and managing diabetes, with current estimates
that many individuals are not taking their medications [40] accompanied by low levels of physical activity and
less than optimal dietary choices. Given people understand the consequences of not managing their diabetes
well, it is no surprise that depression rates are1”5 � 2 times higher in people with diabetes than in the general
population [29] and with a third of people experiencing clinically signi�cant levels of diabetes distress [54]. As
a result, there is an increasing number of national and international guidelines and standards calling for the
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provision of psycho-social care to be part of diabetes services and for the psycho-social well-being of individuals
to be assessed as part of routine primary care of diabetes [22, 72].

2.2 Psycho-Social Assessment
While guidelines assert the need to provide psycho-social care to people with diabetes and provide guidance
on what should be done, there is little clear guidance on how this should be done. The American Diabetes
Association's general considerations for psychological care recommends [72] that:

(1) Psycho-social 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.

(2) Providers should consider an assessment of symptoms of diabetes distress, depression, anxiety, and disor-
dered eating and cognitive capacities using patient-appropriate standardized / validated tools at the initial
visit, at periodic intervals, and when there is a change in disease, treatment, or life circumstance. Including
caregivers and family members in this assessment is recommended.

(3) Consider monitoring the patient's performance of self-management behaviors as well as psycho-social
factors impacting the person's self-management.

(4) Consider assessment of life circumstances that can a�ect physical and psychological health outcomes and
their incorporation into intervention strategies.

(5) Addressing psycho-social problems upon identi�cation is recommended. Suppose an intervention cannot
be initiated when the problem is identi�ed during the visit. In that case, a follow-up visit or referral to a
quali�ed behavioral health care provider may be scheduled during that visit.

In the context of an already stretched healthcare system, this is a lot of additional activity and care to provide
to people with diabetes. In addition, there is an apparent skill set de�cit in the current pro�le of healthcare
professionals in the multidisciplinary healthcare team. For instance, Segal et al. [62]undertook a needs assessment
of the skill mix needed to provide care to1•000people with diabetes. They established this would require1”98
psychologists per1•000people with diabetes and1”57 social workers. Research examining the availability
of psycho-social care in pediatric and adult contexts clearly shows that current provisions fall well short of
this [18, 33, 55]. This shortfall in available psychological services and professionals could be addressed by
providing the current multidisciplinary diabetes care team (most commonly medic, nurse, and dietitian), with the
necessary knowledge and skills to undertake assessments of individuals' psycho-social care needs and provide or
refer to appropriate support or treatment services. At least one survey of people with diabetes indicates this would
be their preferred model of psychosocial care provision [32]. Unfortunately, there are few programs providing
training for HCPs on how to provide psychological care and assessment for people with diabetes.

Given the shortage of psychologists, and the absence of a psychologically skilled diabetes care workforce, there
is clear scope for using digital technologies to facilitate the assessment of psychological issues, which can then
be used to inform clinical discussions withHCPs. There have been several tools developed and preliminary work
undertaken showing that such computerized assessment of psycho-social aspects of diabetes are well received
by people with diabetes and can enhance the interactions between people with diabetes and their health care
team and can serve to lead to improvements in care outcomes [12, 20, 26, 50, 59, 63, 69]. However, even with this
bulk of evidence base, it is uncommon to see specialist diabetes services routinely utilizing these assessment
tools. This may be due to the extended duration of the assessment, the need for trainingHCPs on what to do
with the results, the inability to integrate data from assessments into medical records, or the lack of time or
money to implement such assessment programs. However, it is important to note that these studies have almost
exclusively undertaken in specialist diabetes centers, yet the bulk of diabetes care takes place in the primary care
context. Thus there is a clear need to support primaryHCPs to assess and identify people's psychological needs
and provide appropriate responses to these. This requires further re�nement of our current lengthy assessment
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tools, which are targeted, tailored, and adaptive to optimize the engagement of the person with diabetes and
their HCPs.

2.3 T2D mHealth Systems
NumerousmHealthsolutions have been designed, built, and studied for self-management ofT2D, mainly focusing
on tracking physical activity, behavior, and diet, and providing some basic education [1, 3, 16, 66� 68, 70, 71, 74].
When asking patients about their perception of critical features forT2D mHealthsolutions, they emphasized
the bene�ts of self-monitoring changes in blood glucose, diet, and exercise [57]. A systematic review of reviews
evaluating technology-enabled diabetes self-management technology found four key features as essential for
improvedHbA1c: (i) communication, (ii) collection of patient-generated health data, (iii) education, and (iv)
feedback [27]. Most studies described metabolic monitoring and tracking of healthy eating and activity as the
predominant self-care features. Most of these systems, however, have a static con�guration of the parameters to
monitor and do not allow for any adaptations to the needs of the patient or HCP.

As evident from these reviews, mostmHealthtools for T2D focus on the assessment of physiological (e.g.,
blood glucose) and behavioral (e.g., physical activity or diet) data but much less often on mental health [2, 35],
social, or well-being factors in general. However, research suggests the prevalence of depression as a comorbidity
to diabetes is growing and that depression negatively a�ects glycemic control [61]. One approach to addressing
mental health in diabetes is presented by Aguilera et al. [2], where the focus is on treating depression and diabetes
through physical activity. The app uses goal setting and progress tracking through visualizations with active
elements consisting of automated feedback messages based on a reinforced learning algorithm.

2.4 Contributions of DiaFocus
The main focus and contribution of DiaFocus is that it provides the conceptual, technological, user experience (UX)
design of anmHealthsystem for the adaptive assessment and ambulatory management ofT2Din primary care.

From a technical point-of-view, DiaFocus uses a data-driven mobile sensing architecture that can be used for �
and extended to � collecting a wide range of both patient-reported and automatically collected data from mobile
and wearable sensors. As such, the architecture of DiaFocus is extensible and allows for adding and con�guring a
broad repertoire of measures to be used in the adaptive assessment.

From a clinical viewpoint, DiaFocus is designed to support theiPDM treatment model. In comparison to other
T2D mHealthtechnologies, DiaFocus takes an assessment of the patient'spsycho-social stateas the outset for
further adaptive assessmentof relevant physiological, behavioral, contextual, and self-reported data. DiaFocus is
designed to be both a tool for self-tracking and re�ection, as well as a dialogue tool between theHCPand the
patient to be used during theiPDM treatment cycle. In contrast to other systems in this space, DiaFocus can be
personalizedto the individual patient by focusing on speci�c areas of concern.

3 RESEARCH METHODS
As illustrated in Figure 1, the design of the DiaFocus system was done in three main phases. In the �rst phase, a
detailed analysis of the problem domain involving all stakeholders led to a set of requirements and system design
ideas. This phase is described in section 3.2. Based on the detailed requirement speci�cation and design done in
phase one, the second phase focused on the technical design and implementation of the DiaFocus system. Several
iterations with clinicians and patients were done during the second phase as the system evolved. The results
from this second phase are described further in Section 5. Finally, the third phase involved a technical feasibility
study aiming at investigating the technical stability, usability, and usefulness of the DiaFocus system. This is
described in Section 6.
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Fig. 1. Timeline of the analysis, design, implementation, and evaluation of the DiaFocus system.

The entire design, development, and evaluation process involved clinicians from Steno Diabetes Center
Copenhagen (SDCC), which is a research hospital and health promotion center for the treatment of all types
of diabetes, and Copenhagen Center for Diabetes (CCFD), which is a local community center for care and
rehabilitation ofT2Dpatients. Patients were recruited from these two centers. In total, the design activities spanned
12 months (April 2019 to March 2020) and involved 30 participants; 9 patients, 14 clinicians (endocrinologists
(MDs), nurses, dietitians, and physiotherapists), and seven designers, computer scientists, and engineers.

3.1 Analysis and Design
The design of the DiaFocus system followed a participatory user-centered design (UCD) approach [28, 49],
applying the Patient-Clinician-Designer framework (PCD) framework [48]. This research method seeks to �nd a
suitable design compromise by considering di�erent, and sometimes con�icting, concerns from the perspective of
three stakeholder groups; the patient, the clinician, and the designer. ThePCDframework provides a structured
process for mediating co-design activities to �nd appropriate design solutions. The analysis and design process
was organized around three separate co-creation ideation and design workshops, which involved medical doctors
(endocrinologists), diabetes nurses, dietitians, and nutritionists fromSDCCandCCFD, as well as a heterogeneous
group ofT2Dpatients (Figure 2). The main goal of the workshops was to (i) determine problems with the current
approach and how DiaFocus can be tailored to suit patients' needs while also strengthening the communication
between the patient and their doctor, and (ii) engage in rapid prototyping of theUX design of DiaFocus patient
app.

The �rst workshop was held atSDCC, focusing on the clinical part of the system and aimed at establishing the
overall requirements of the system in terms of clinical support for treatment and care ofT2D. This workshop
involved eight clinicians, including three nurses and �ve medical doctors fromSDCCand CCFD, who had
extensive experience with the treatment, care, and rehabilitation ofT2D patients. The second workshop was
held atCCFDand focused on the daily self-care by patients and how they could use the technology for better
self-management of their chronic condition. The workshop included two nurses, two medical doctors, a dietitian,
a nutritionist from CCFDand a nurse fromSDCC. The third workshop was also held atCCFDand focused on the
needs and ideas ofT2Dpatients and the evaluation of an early interactive prototype of the DiaFocus patient app.
The workshop included nine patients (2/7 female/male) and a sub-group of clinicians who had also participated
in the previous workshops. During this workshop, patients were able to talk about how they handled theirT2D
both in plenum and in pairs, provide ideas for the design of a smartphone app, and were able to use and explore
an early prototype of the system.
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Fig. 2. The three design workshops for DiaFocus: Workshop I focusing on the clinical se�ing and requirements for the clinical
interface; Workshop II focusing requirements for care and rehabilitation; and Workshop III focusing on the patient's needs
and the UX design of the app.

In all three workshops, participants engaged in a wide range of design activities, including identifying self-care
barriers and priorities forT2Dpatients and their treatment, discussion of problems and opportunities using digital
technology, designing speci�c future scenarios of treatment, self-care, and rehabilitation ofT2D, role-playing
new scenarios, and designing user interfaces like a dashboard for the clinicians and a smartphone app interface
for the patient to be used in treatment, care, and rehabilitation. As shown in Figure 2, the workshops all resulted
in a wide range of design artifacts� from paper-based sketches to interactive phone app prototypes � which
formed the basis for documenting and specifying the design requirements for the system.

3.2 Requirement Specifications and System Design
The clinical and end-user requirements for the DiaFocus system were derived from the design workshops and
were documented in a Requirement Analysis Document (RAD) following an object-oriented software engineering
method [14]. The core functional requirements and design drawn from this process are described in section 4. In
addition, several non-functional software architecture requirements related to security, hosting, data management,
data protection (GDPR), etc. were identi�ed and incorporated into the entire DiaFocus system design. Based
on these requirements, available commercial systems and apps for diabetes self-management were reviewed,
including the MySugr app [21] from Roche. However, none of these systems met the needs and requirements
obtained from patients andHCPs and were not �t to support theiPDM process. Most of these systems are
primarily designed for type 1 diabetes (T1D) patients and none of them support the adaptive assessment based
on the patient's changing needs. Moreover, none of these systems incorporated the support for psycho-social
assessment as part of diabetes management, which is core to the iPDM approach.

Therefore, a system andUX design of DiaFocus was initiated based on the obtained requirements. Following a
user-centered design process, these requirements were gradually turned into a set of scenarios, use cases, domain
models, andUX design mock-ups and prototypes of the DiaFocus patient app and clinical web interface. The
design was subject to several iterations involving all the types of end-users mentioned above (patients, doctors,
nurses, and social care workers). As shown in Figure 1 and 2, the last workshop started this iterative design
process. Section 5 describes the �nal design of the DiaFocus system.
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Fig. 3. The DiaFocus iPDM six-step cycle (adapted from [17]).

4 PSYCHO-SOCIAL ADAPTIVE ASSESSMENT IN DIABETES
The overall aim of the DiaFocus system is to support an adaptive assessment of the status of diabetes for a
patient as part of theiPDM approach [17], as illustrated in Figure 3. DiaFocus focuses on supporting the dialogue
between the patient and theHCPduring regular consultations, including aspects of self-management capabilities
and barriers. This is supported by collecting health status, psycho-social factors, and daily health and behavioral
patterns from people diagnosed withT2D. TheiPDM approach builds on strong clinical evidence that structured
self-monitoring of diabetes (incl. blood glucose) has a positive impact on the treatment ofT2D[23, 56] and leads
to more frequent and e�ective physician interventions [58]. From a behavior change perspective, self-monitoring
is the most widely employed strategy in interventions aimed at promoting health and wellness inmHealth
applications [53]. The strengths of self-monitoring have shown to be its ability to early reveal problem behaviors,
provide real and concrete information, foster re�ection, make people accept responsibility, create awareness and
raise users' consciousness about their health and wellness [52].

The system captures practical, reliable, and valid information about the patient's health, behavior, and psy-
chological state as seen from the patient's point of view. The goal is to (1) identify the best treatment approach
for each individual patient withT2D and (2) support and enhance the dialogue between the patient and the
HCP, speci�cally General Practitioners (GPs), nurses, and rehabilitation and care providers. The overall goal is
to improve clinician-patient communication and thereby improve clinical and patient-reported outcomes. To
support this, the iPDM cycle consists of the following six phases (c.f., Figure 3):

, Vol. 1, No. 1, Article 1. Publication date: January 2023.



DiaFocus: Adaptive Assessment in Long-Term Management of T2Dˆ 1:9

(1) The cycle starts with a structured assessment and training during a meeting between the patient and the
HCPin the clinic. This includes talking about focus areas and agreement on plans. At the �rst meeting,
this also includes installing the DiaFocus app on the patient's phone, �lling in the informed consent, and
providing instruction on how to use it.

(2) At the �rst consultation a shared agreement between theHCPand the patient is made, which lists speci�c
and individual goals for the coming period. A plan is created that has one or more focus areas such as
`smoking', or `managing blood glucose'. A set of goals are entered into the system by the patient. Goals are
concrete and actionable, like `go for a walk every evening after dinner', or `measure blood glucose levels
every morning and evening'.

(3) In between consultations (3-4 months period), the patient engages with the DiaFocus smartphone app
to collect health and behavioral data, �lls in questionnaires, makes entries in the diary, and rates their
progress on their focus areas. In parallel, the app automatically collects behavioral and contextual data (as
described in Section 5 and Table 1).

(4) Prior to a consultation, theHCPcan generate a report that summarizes and interprets the data collected by
the patient. The report is annotated to alert theHCPof measures, responses, and other data to be aware of.

(5) During the consultation, theHCPand patient engage in a conversation based on the psycho-social, health,
and lifestyle assessments presented in the report. Notes made by the patient in the diary are not shown in
the report, but the patient can refer to these on the phone if relevant.

(6) The HCPuses the report to supplement their usual clinical assessment and decision-making. The con-
sultation is concluded with a shared agreement on a new (or repeated) plan, including focus area(s) and
goals.

Given this �ow, the collection of patient-reported data is key to the clinical assessment of the patient. This
includes an assessment of the physiological diabetes-related state, lifestyle information, and an assessment of
psycho-social state and well-being. This is done by triggering a set of relevant questionnaires. Figure 4 shows
the questionnaires used and the �ow between them. Overall, there are three types of questionnaires: `Patient
information' (A), `Diabetes health' (B), `Areas of concern' (C), and `Supplementary assessment' (D). Questionnaires
A and B1 are collected once when the patient signs up. Questionnaires B2�B5 and C are collected on a regular
basis (e.g., weekly, bi-weekly, or monthly) and before the consultation with theHCP. Questionnaires D1�D4
collects supplementary information and these questionnaires are only issued if answers in sections B or C identify
certain areas to investigate further (e.g. sleep or food behavior).

The questionnaires were partly chosen from existing standardized and validated questionnaires and partly
designed and adapted for theiPDMprocess and DiaFocus system by the involved researchers. Lifestyle information
(B1) is collected using the Accu-Chek Interview Questionnaire [69] to asses psycho-social status and self-care
motivation. The questionnaire was slightly optimized and adapted to theiPDM approach (see Appendix B.1 for
the DiaFocus version). Emotional distress (B2) is collected using a questionnaire designed speci�cally for DiaFocus
(see Appendix B.2). By using four publicly available datasets, we validated the predictive value of the B2 distress
scales, to identify individuals that were distressed or depressed at a clinically signi�cant level. The analysis
showed good performance of the B2 form compared to other questionnaires. The B2 questionnaire exists in both
a 2 or 6 questions form and both forms are used in DiaFocus. General well-being (B3) is captured using the WHO
Well-being Index (WHO-5) [13]. The diet and exercise (B4) and blood glucose (B5) surveys comprise a relevant
subset of questions from Accu-Chek Interview Questionnaire (B1). The list of areas of concern (C) is compiled
based on input from allHCPs and patients involved in the design process (see Appendix B.3 for the list). Food
behavior (D1) is collected using a questionnaire developed speci�cally to DiaFocus by the clinicians and dietitians
from SDCCand CCFD(see Appendix B.4). D2, D3, and D4 are collected using standardized questionnaires
recommended by clinical researchers. Sleep quality and patterns (D2) are collected using the Pittsburgh Sleep
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Fig. 4. The flow of questionnaires in DiaFocus starts from when the user installs the app, signs in, and starts using the
application. The questionnaires and their timing are listed in Table 1.

Quality Index (PSQI) questionnaire [15]; depression and anxiety (D3) are captured using the Hospital Anxiety
and Depression Scale (HADS) [73]; and medication-taking behavior (D4) is assessed using the Danish Medication
Adherence (MA) [25] scale (see Appendix B.5 for an English translation of MA).

To support structured documentation and data collection (step 3 in Figure 3), the DiaFocus system implements
anadaptive assessment approach, which continuously adapts what data is collected from the patient and later
used in the dialogue with the HCP. This adaptive assessment approach consists of three main parts:

(1) Together the patient andHCPcanpersonalizedata collection between consultations by setting up a so-called
`chapter' which contains a list of focus areas for the patient to attend to for the next consultation. As
illustrated in �g. 8a focus areas could be to `quit smoking' or `improve blood glucose monitoring'.

(2) Depending on the focus area(s) selected, DiaFocus automaticallycon�guresitself to start capturing relevant
data. This could be patient-reported data like the number of cigarettes smoked, automatic collection of
blood glucose from the patient's BGM device, or collection of step counts from the phone.

(3) The questionnaires issued to the user is automatically adapted based both on the selected focus areas
as well as the answers provided by the patient. For example, if the patient has a focus area of `Food,
eating and alcohol habits', DiaFocus will issue the `Diet & Exercise' questionnaire. Similarly, if the patient
reports depressive symptoms in the `Emotional Distress' questionnaire (B2), then DiaFocus will issue the
`Depression & Anxiety' questionnaire (D3).
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Fig. 5. The overall architecture of the DiaFocus system comprising of the Copenhagen Research Platform (CARP) cloud-based
back-end, the DiaFocus smartphone app, and the clinical web application with associated reports.

5 SYSTEM DESIGN
Figure 5 shows the overall system architecture of the DiaFocus system. It is a client-server architecture comprising
of a cloud-based infrastructure and two client applications; the patient smartphone app and the clinical web
application. The architecture is implemented using a set of open-source software components and libraries
maintained as part of the Copenhagen Research Platform (CARP)1.

5.1 DiaFocus Smartphone Architecture
Figure 6 shows the overall software architecture of the DiaFocus mobile app, which runs on the patient's
smartphone collecting passive and patient-reported data. The DiaFocus app consists of a set of dedicatedUI
screens (marked red in Figure 6), which implement theUI design shown in Figure 7 and 8. DiaFocus is implemented
using two open source frameworks; the CARP Mobile Sensing (CAMS) framework [7]2 and the Research Package
framework3, which in turn consist of a number of sub-components (all marked green and purple in Figure 6).
CAMSis a cross-platform (iOS and Android) extensible framework for implementing mobile sensing apps and
comes with a long list of options for data collection, data management, data anonymization, battery optimization,
and data upload [9]. All data collection and management in DiaFocus is handled byCAMS. Research Package
handles the informed consent �ow (including collecting a signature from the patient), as well as all the psycho-
social surveys used for patient-reported data collection. By leveragingCAMSand Research Package only the
application-speci�c functionality is implemented in DiaFocus.

1Copenhagen Research Platform (CARP): http://carp.cachet.dk/ (Accessed November 2022)
2CARP Mobile Sensing (CAMS): https://pub.dev/packages/carp_mobile_sensing/ (Accessed November 2022)
3Research Package: https://pub.dev/packages/research_package/ (Accessed November 2022)
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Fig. 6. Architecture diagram of DiaFocus app (red components) and its use of the CARP Mobile Sensing (CAMS) (green
components) and Research Package (RP) frameworks (purple components), and integration to the Accu-ChekBGM using
the `Health' sampling package. The red user interface (UI) components of DiaFocus is shown in Figure 7 and 8.

Data sampling is con�gured as a `Study Protocol' inCAMSand the execution of data collection is handled
by a `Study Controller', which is responsible for collecting and transforming the data according to the protocol
speci�cation. In DiaFocus, the data is uploaded to and stored in theCARPWeb Service, which is a cloud-based
infrastructure for managing and analyzing mHealth data.

A set of sampling packages can be `plugged into' CAMS and they are responsible for handling data sampling.
For example, contextual data like location and activity (see Table 1) is collected by theContextPackage. Similarly,
step counts from the pedometer sensor in the smartphone are collected via theSensorPackage. Each sampling
package encapsulated access to the operating system (OS) sensors and typically uses one or more plugins to
access the OS level sensors.

Integration between DiaFocus and the Accu-Chek GuideBGM is done using Apple Health. By using the
Accu-Check Connect app on iOS, data from the Accu-Check GuideBGMcan be synchronized with the Apple
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(a) (b) (c)

Fig. 7. TheUI design of the `Home' and `Data Card' pages of the DiaFocus mobile app (final design). (a) Home page showing
the diabetes status overview and the list of surveys to answer. (b) Home page showing the list of `Data Cards' each showing
collected data, both from sensors and patient-reported. (c) Patient-reported data entry of a `measure' (number of smoked
cigare�es).

Health database on the phone. By using theHealthPackage4, CAMSand thereby DiaFocus can collect this
BGMdata. In order to support cross-platform sensing, the Health Package can also collect data from Google Fit.
However, since the Accu-Chek Connect app for Android does not support Google Fit, DiaFocus only collects
blood glucose data directly fromBGMdevices on iOS. Therefore, on Android, the user has to self-report blood
glucose data in the app.

5.2 DiaFocus Smartphone User Experience
As shown in Figure 6, the DiaFocus app hasUI components for (i) user authentication toCARP, (ii) �lling in the
informed consent, (iii) a home page, (iv) �lling in questionnaires, (v) handling chapters and diaries, (vi) showing
data cards, and (vii) consultation preparation. User authorization to CARP is handled byCAMSand the informed
consent �ow and the questionnaires are implemented usingRPand use theUI components provided by these
packages.

Figure 7a shows the home page of the app. The top card (rounded box) represents the current chapter and
shows how the patient is doing in terms of handling his/her diabetes along four core parameters: well-being,
diabetes management, blood sugar, and lifestyle. Each �eld is color coded (green/yellow/red) re�ecting how

4CARP Health Package: https://pub.dev/packages/carp_health_package/ (Accessed November 2022)
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(a) (b) (c)

Fig. 8. TheUI design of the `Chapter' pages of the DiaFocus mobile app (final design). (a) Creating a new Chapter with time
for the next consultation, the focus areas, and the plan. (b) Review of the current chapter rating how each focus area is doing.
(c) Entering a note for a focus area.

the patient is doing. These four parameters are always visible as these were decided to always be relevant for
patients withT2D. The parameters listed under `Current focus' re�ect the focus areas selected for this chapter.
The color coding is based on data reported by the user in the di�erent surveys (B, C, and D). Previous chapters
can be accessed by scrolling left and the left-hand-side arrows indicate how the user was doing in the previous
chapter period. Beneath, in the "My questionnaires" box the user can see and access any active questionnaires
that require a response.

Figure 7b shows how each health- and lifestyle measure (e.g., weight, smoking, steps) have a card that shows a
historical overview of the data collected. Data cards serve the dual function to display how the user is doing
and to make manual inputs and measurements, as shown in Figure 7c. Cards are automatically shown or hidden
depending on chosen focus area(s) but can also manually be toggled on/o� by the user. Cards show both patient-
reported data (like alcohol intake or smoking) as well as data collected automatically (like step count or blood
glucose measures from the BGM device).

To support the dialogues between the patient and theHCP, DiaFocus supports the features of setting `Focus
Areas' and maintaining a `Diary' with a set of `Chapters'. During the consultation (step 2 in theiPDM cycle in
Figure 3), the patient andHCPcollaborate on creating a new chapter for the period until the next consultation
(Figure 8a). This entails entering the date of the next consultation, choosing 1�3 focus areas (like `Reduce smoking'
or `Start measuring blood glucose'), and specifying concrete goals for each area (like `Smoke maximum 3 cigarettes
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Parameters Type Source Sampling rate

Battery S Phone EB
Screen S Phone EB
Noise S Phone once pr minute
Location S Phone EB
Activity S Phone EB
Weather S Phone hourly
Steps S Phone EB
Blood glucose S/PR BGM/Patient daily
Smoking PR Patient daily
Weight PR Patient daily
Alcohol PR Patient daily
B1 Lifestyle PR Patient once
B2 Emotional distress PR Patient bi-weekly
B3 Well-being PR Patient bi-weekly
B4 Diet & exercise PR Patient weekly
B5 Blood glucose PR Patient monthly
C1 Area of Concern PR Patient monthly
D1 Food behavior PR Patient conditional
D2 Sleep quality and patterns PR Patient conditional
D3 Depression and anxiety PR Patient conditional
D4 Medication behavior PR Patient conditional

Table 1. Data features collected in DiaFocus with source and sampling rate. S: Sensed. PR: Patient-reported. EB: Event-based.
BGM: Blood Glucose Monitor. The top part shows mobile sensing parameters, the middle part diabetes-related physiological
and behavioral parameters, and the bo�om part the patient-reported parameters as collected via surveys.

per day' or `Measure blood glucose every morning before breakfast'). Creating a new chapter closes any previous
active chapter for editing, but the previous chapters can still be reviewed. While using the app at home (step 3 in
the iPDM cycle in Figure 3), the diary allows the patient to rate how they are doing within each of the active
focus areas s/he has selected (Figure 8b), and make entries with personal notes (Figure 8c). The diary re�ects the
active chapter and shows the focus areas and goals set during the consultation. The user can make entries as free
text, and rate how they are doing with their individual focus area(s). Prior to the next consultation (step 5 in the
iPDM cycle in Figure 3), the user is asked to enter their considerations (areas of concern) re�ecting what they
would like the next consultation to be about. The user can choose from prede�ned considerations or input their
own. The user rates how important and how con�dent they are with each consideration.

5.3 DiaFocus Smartphone Data Collection
DiaFocus is designed to collect a wide range of data types. Table 1 shows an overview of the data being collected,
which includes both automatically sensed data like step count and activity, patient-reported data like smoking
and weight, and questionnaire data like theWHO-5andMA questionnaires. See Appendix B for the details on
the questions in each survey.

Due to the plugin architecture ofCAMS[9], other devices collecting blood glucose or other kinds of data can
be used in DiaFocus. For example, by plugging in a sampling package that collects weight data from a connected
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scale (e.g., Withings), the DiaFocus app could be collecting and displaying such data also, without changing
anything in the app itself. Similarly, the list of surveys can be extended dynamically and issued to the user. Hence,
the software architecture of DiaFocus is designed to be highly extensible and able to accommodate the collection
of new types of data from devices, mobile sensing, and patient-reported questionnaires.

5.4 Clinical Web Application and Report
TheHCPcan prepare for the consultation (step 4 in theiPDM cycle in Figure 3) by downloading a report from
the clinical web application. See Appendix D for an example of such a clinical report. The report provides a
full summary of the data collected since the last consultation with the patient. This includes: (i) a summary
section showing the current colored �elds of the focus areas, (ii) a historical overview of all previous chapters
(consultations), (iii) the list of considerations reported by the patient to be in focus for the upcoming consultation,
and (iii) a series of graphs and tables summarizing the measures collected and the responses to the questionnaires.
Any critical or important values or responses are highlighted in the report using colors or warning icons. All
data from the app is visible in the report except for the patient's diary notes, which are kept only visible to the
patient in the app. During the consultation (steps 5 and 6 in theiPDM cycle in Figure 3), the patient andHCPcan
share data and re�ect on the progress since the last consultation, and start to make a new plan and chapter for
the coming period.

6 TECHNICAL FEASIBILITY STUDY
Adhering to best practice in health technology design research, a single-arm feasibility study of DiaFocus was
carried out to obtain a comprehensive understanding of its technical stability and performance, acceptability,
usefulness, usability under free-living conditions [8, 42]. Klasnja et al. [42] recommend that in the early phase of
design and evaluation of novel health technologies�a deep understanding of the how and why of the system use
by its target users should be a central goal for evaluations of systems�. It is important to assess the technical and
usability qualities of the systembeforemoving into a clinical trial. Otherwise, technical and usability problems
can strongly a�ect the clinical outcome. Speci�cally, understanding the reasons behind users'acceptanceof
technology is particularly important in the context of digital health interventions [51].

Speci�cally, the following aspects of DiaFocus system were investigated:

� Technical robustness including the collection of sensor-generated and patient-reported data.
� Acceptance, including perceived usefulness and usability in longitudinal use.

Hence, the purpose of the study was to investigate if the patient would be able and willing to use the DiaFocus
assessment tool as part of the overalliPDM cycle (c.f., Figure 3) and the focus was on step 1, 2, and 3 in the cycle,
and not on the clinical steps (i.e., step 4, 5 and 6). Therefore, no dedicatedHCPwere directly involved in the
study. Participants were told that they were welcome to share the data with their regularGPand could share the
report with them if they wanted. The use of DiaFocus in clinical treatment was to be the focus of a subsequent
clinical trial. Due to its technical and non-clinical study objective, this technical feasibility study was exempted
from ethical approval by the Danish Ethical Committee (Journal-no. H-20022169).

6.1 Methods
The study had �ve parts. First, at a two-hour start-up meeting the participant meet a researcher, was given time
to review and sign both a digital and paper-based informed consent form, and had training in using the DiaFocus
app andBGM. Detailed instructions on how to use the system during the study were given both orally and in a
written instruction sheet. During the startup meeting, the participant was asked to create his or her �rst chapter
by stating focus area(s) and plans (steps 1 and 2 in theiPDM cycle). Second, the participant used the DiaFocus
app for up to ten weeks (70 days), during which s/he self-reported data and �lled in the questionnaires, as they

, Vol. 1, No. 1, Article 1. Publication date: January 2023.



DiaFocus: Adaptive Assessment in Long-Term Management of T2Dˆ 1:17

were prompted (step 3 in theiPDM cycle). After four weeks of use (28 days), the participant was prompted by
a researcher over the phone5 to create a second chapter in the app. This was to initiate a second cycle. The
participants were informed that the focus of the study was to evaluate DiaFocus and its use in self-monitoring of
diabetes. They were also told, that noHCPwould be part of the study or would review the data. However, the
participant was encouraged to use the app and the focus areas noted down in the chapters during consultations
with his or her regular doctor. Third, at the end of the study period (week 8), participants were asked to �ll in
the CACHET Uni�ed Methodology for Assessment of Clinical Feasibility (CUMACF) questionnaire [6], which
combines the Post Study System Usability Questionnaire (PSSUQ) [46] and the Uni�ed Theory of Acceptance
and Use of Technology (UTAUT) [65] questionnaires. This questionnaire is designed to assess the technology
acceptance of DiaFocus. The questionnaire was issued online and the questions included are listed in Appendix A.
Fourth, in order to obtain a more in-depth qualitative understanding of the participants' experience from using
DiaFocus, 30�45 minutes post-study semi-structured one-to-one interviews with each participant were done over
the phone. Fifth, a two-hour focus-group interview with 10 participants was held atSDCC. These interviews
focused on elaborating topics in the questionnaire and collecting qualitative insights on the system, covering
topics such as user experience, how it helped their diabetes management, and how they expected the system
could support their disease and daily life, and covered participants' existing use of diabetes- and health-related
technologies.

6.2 Technical Setup
Participants were asked to use their own smartphones for the study. DiaFocus was available for beta testing in the
Google Play Store and in Apple TestFlight. During the start-up meeting, each participant was helped to upgrade
their phone (if needed) and to download and install the app. If they were already using aBGMfor measuring
blood sugar levels, they were instructed to keep using this and enter the data in DiaFocus. Others were o�ered
to borrow an Accu-Chek GuideBGMto be used for daily blood glucose measurements. The direct integration
between theBGMand DiaFocus was not enabled; partly in order to have an equivalent technical setup between
iOS and Android users (the integration only works on iOS via Apple Health), and partly because integration
between the Accu-ChekBGMand Apple Health requires a 3rd party app (Accu-Chek Connect or MySugr), which
we could not require the participants to install and use. Hence, participants using aBGMwere asked to manually
enter their BGM measures in DiaFocus.

6.3 Recruitment
Participants were recruited from SDCC and CCFD during September and October 2020. Inclusion criteria were:
(i) 18 years or older, (ii) diagnosed withT2D, (iii) able to read and write Danish and/or English, (iv) own a
smartphone, either a) an iPhone running iOS 13 or newer, or b) a smartphone running Android version 8.0 Oreo or
newer. No restrictions were imposed on the participants regarding their use of their smartphones, so our analysis
is conducted under usual and realistic conditions. Likewise, no restrictions forHbA1cor anti-diabetic treatment
were used. Sensing data was collected continuously in the background on the phone to the extent the phone'sOS
allowed for this. Only participants who provided written informed consent were included. Participants received a
gift certi�cate compensation worth DKK 500 (66 EUR) upon completion of the study, i.e. by participating in the
exit group interview.

7 RESULTS
Table 2 shows the demographics of the recruited patients. 14 participants were recruited and enrolled in the study
(step 1), 12 completed the system use and assessment of usability and usefulness (steps 2+3), and 10 participants

5This study was conducted during the COVID-19 lock-down, and all contact to study participant had to be minimized.
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ID Sex Age YwD Days Phone Interview

P1 F 71 27 125 iOS X
P2 M 48 15 58 iOS X
P3 M 67 10 41 iOS X
P4 F 65 16 108 iOS X
P5 M 71 25 104 iOS X
P6 M 73 N/A 7 iOS �
P7 F 44 1 14 Android X
P8 M 71 20 88 iOS X
P9 M 64 N/A 3 iOS �
P10 M 69 12 110 iOS X
P11 F 67 8 38 iOS X
P12 M 71 6 124 iOS X

Overall 4/8 (F/M) 65� 9”3 14� 8”3 68� 46 11/1 (i/A) 10/12 (83%)

Table 2. Participants demographics. YwD: Years with T2D. Days: Days active in the study.

participated in the individual and group interviews (steps 4+5). The two drop-outs were due to technical issues
with installing and running the app on their phones. Two participants (P6, P9) completed steps 2+3 but did not
participate actively in using DiaFocus for very long (less than a week) and did not respond to the invitation to
participate in the interviews in steps 4+5. As shown in Table 2, the participants on average used DiaFocus for 68
days but with signi�cant variations between participants (� 46days) � some used it signi�cantly longer than
expected (over 100 days), while other used it signi�cantly less.

Table 3 shows the number of data points collected during the feasibility study. More than 2600 data points
were collected over a period of 5 months. As shown in Table 1, data collection includes both sensed (S) and
patient-reported (PR) data. Automatically sensed data include step count, and device and battery characteristics.
Patient-reported data include surveys (on lifestyle, well-being, emotional distress, sleep quality, depression,
anxiety, etc.) and self-reported glucose measures, weight, alcohol intake, and the number of cigarettes smoked.

Due to new privacy restrictions in the Apple App and Google Play Store, the use of location was no longer
allowed, if not used actively in the app. And since DiaFocus does not actively use location but merely samples it
in the background, the measures on location, weather, and activity classi�cation had to be disabled during the
feasibility study.

7.1 Automatically Collected Data
Table 3 shows the total number of automatically collected data; step counts, device information, and battery
status. We observe a high spread in the amount of data collected across each participant, which partly re�ects the
di�erent levels of engagement in terms of the length of use, as shown in Table 2. For example, P1, P4, P5, P10,
and P12 used DiaFocus for more than 100 days and hence have a high number of e.g., step count data. As an
illustration, Figure 9 shows the step count events for P1 and P12 over more than 100 days of sampling. Figure 9
also illustrates the color coding used on the home screen of the DiaFocus app (Figure 7a).

However, in order to investigate if sensing takes place automatically, it is relevant to investigate the so-called
`coverage' percentage, which is a relative measure that shows how much data was actually collected as compared
to what is expected. In this case, coverage is calculated based on step count events, which are expected to be
collected daily. Table 3 shows the coverage for each participant. We observe a high spread (SD on 32%) on the
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Patient Survey Blood Weight Alcohol Cigarettes Step Device Battery Cov.
Glucose Count %

P1 51 212 9 � � 232 46 46 92%
P2 14 17 2 � 24 17 18 33%
P3 21 � 3 3 � 9 5 5 22%
P4 57 3 3 � � 104 25 25 56%
P5 52 27 1 � � 88 18 18 41%
P6 3 1 1 2 � 1 1 1 100%
P7 24 � 92 93 92 242 55 152 93%
P8 24 18 6 5 3 77 18 19 40%
P9 2 � � � � 18 8 18 100%
P10 54 21 13 3 � 106 30 32 40%
P11 9 1 1 1 � 7 4 4 13%
P12 34 6 5 � � 97 23 29 33%

Total 345 306 135 109 95 1007 252 369 �
Average 28.75 34.00 12.27 15.57 47.50 77.46 19.38 28.38 55%

SD 20.43 67.43 26.72 34.17 62.93 81.93 16.73 39.39 32%

Table 3. Overall number of patient-reported and sensed data points collected per patient. Cov.: Coverage. SD: Standard
deviation.

(a) (b)

Fig. 9. Step count events automatically collected for (a) P1 and (b) P12. The color coding is: Red - below 5 000 steps; yellow �
between 5 000 and 10 000 steps; green above 10 000 steps.

coverage rate across participants which re�ects that the DiaFocus app did not always run in the background and
was collecting data. The step counts for P1 and P12 in Figure 9 illustrates the di�erence between a coverage of
92% and 33%, respectively.

By comparing the number of self-reported data (e.g., surveys) with the automatically collected data in Table 3,
we see that there is a correlation between the two types of data; basically, if the user engages with the app for
self-reporting, it also collects data automatically. This is due to that all (except P7) are using iPhones (see Table 2)
and iOS only enable data collection if the app is running. If the app is closed, no data is collected.
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P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12Total

B1 - Life Style Information 11 0 11 13 0 11 0 17 13 0 11 0 87
B2 - Emotional Distress 40 14 20 74 68 2 21 30 - 66 6 56 397

B3 - Well-being 40 15 30 75 65 5 25 35 5 65 15 45420
B4 - Diet & Exercise 14 6 10 28 26 0 8 12 0 26 4 20 154
B5 - Blood Glucose 27 5 3 12 14 0 16 8 0 15 0 3 103

C - Area of Concern � � � � � � � � � � � � 0
D1 - Food Behaviour � � � � � � � � � � � � 0

D2 - Sleep Quality & Patterns � � � � � � 17 � � � � � 17
D3 - Depression & Anxiety � � � � � � 14 � � � � � 14
D4 - Medication Behaviour � � � � � � � � � � � � 0

Total 132 40 74 202 173 18 101 102 18 172 36 1241192

Table 4. Overall number of questions in surveys answered per participant.

7.2 Self-reported Data
Self-reported data include surveys, blood glucose, weight, alcohol consumption, and the number of cigarettes
smoked per day. Since DiaFocus focused on adaptive assessment, each patient reports di�erent data depending
on their focus areas and their answers to the surveys, as outlined in Section 4. This adaptation as unfolded in the
study is evident from Table 3. For example, P1 was focusing on measuring and controlling her blood glucose and
hence reported a lot of data on this and none on the other parameters, whereas P7 focused on lifestyle and hence
reported on weight, alcohol, and cigarettes and not on blood glucose.

7.2.1 Surveys.The participants answered a total of 345 surveys comprising 1192 questions averaging to 100
questions answered per participant over the course of the study. Table 4 shows the number of questions answered
by each participant divided into the di�erent types of surveys shown in Figure 4. The B-type of surveys (B1�B5)
were issued on a regular basis (weekly, bi-weekly, and monthly) to all participants throughout the study and
hence answered by all. The D-type of surveys were only triggered based on answers in the B-type of surveys.
For example, the survey on `Sleep Quality' (D2) would only be shown if the participant reported problems
with sleeping in the well-being survey (B3) and the `Depression & Anxiety' (D3) survey would be triggered by
reporting this as a problem in the `Emotional Distress' (B2) survey. Table 4 shows that only one patient (P7)
reported such problems and were hence shown the D2 survey twice and the D3 survey once. No participants
reported issues with food or medication, and the D1 and D4 surveys were hence never issued.

7.2.2 Blood Glucose.Information about blood glucose was collected both via the blood glucose survey (B5)
which most of the patients �lled in (see Table 4), as well as via self-reported glucose measures done using the
BGM. The data collected from P1 can work as an illustration. P1 had control of blood glucose as her main `area
of concern' and hence used DiaFocus for the collection and visualization of blood glucose data. As shown in
Table 3 and Table 4, she is the one who has self-reported most blood glucose data points (212) and has �lled in
most B5 surveys (27)

Figure 10 shows an overview of the self-reported blood glucose data from P1, with each data point color-coded
according to the color-coding used in DiaFocus. Figure 10 illustrates that P1 consistently self-reported glucose
data throughout the study period with only very few gaps. During the interview, P1 stated that her target was
to do two measurements per day and looking at the data she has been reporting 1.7 measurements per day on
average. This case illustrates that collection of blood glucose data in DiaFocus is a viable design for a 71-year-old
woman.
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Fig. 10. Blood glucose data as reported by P1.

7.2.3 Alcohol and Cigare�es.Table 5 provides an overview of self-reported alcohol and smoking habits. Four out
of 12 participants reported alcohol consumption and two reported smoking. All alcohol consumption was less
than 7 units per week (the recommended limit for women in Denmark). The data collected from P7 can work as
an illustration. P7 focused on lifestyle and were consistently reporting on smoking and alcohol consumption.
Figure 11 shows the self-reported number of cigarettes per day for P7. Figure 11 also illustrates the color coding
used in DiaFocus (see Figure 7(a)). The color-coding algorithm looks at the number of cigarettes within a time
window of the last 6 days, and if the average of the latest three days is less than the average of the �rst three
days (smoking is reduced), then the color is yellow, otherwise, it is red.

7.3 Perceived Usefulness and Usability
Participants' attitudes and re�ections on the usefulness and usability of the system were assessed using the
CUMACFquestionnaire (see Appendix A) and from post-study interviews (# = 10). This section describes the
key results and �ndings organized by theCUMACFcategories of (i) health expectancy, (ii) e�ort expectancy,
(iii) social in�uence, (iv) facilitating conditions, and (v) behavioral intention. The results from theCUMACF
questionnaire are shown in Appendix C.

7.3.1 Health Expectancy.Health expectancy investigates the degree to which an individual believes that using
the system will help attain gains in health. TheCUMACFresults are shown in Figure 12. The results show that
participants were mostly neutral as to whether DiaFocus would be useful in managing their diabetes health and
keeping track of disease symptoms, and the majority of participants found that the app would not help to reduce
disease symptoms or complications.

When asking about health expectancy during the interviews, the feedback from most participants was that they
have hadT2Dfor so many years (̀ = 14), that DiaFocus would not provide any added value to managing their
diabetes symptoms and complications. Most argued that they had already built up routines and behavioral patterns
to manage their disease and they did not feel that the system would provide them with major improvements
in their health. However, most participants also highlighted that the system would be useful in the early years
after diagnosis and hence for other newly diagnosedT2Dpatients and that they appreciated the simple overview
of their data such as activity, alcohol, and blood glucose in the app. As expressed by one participant:�I think
Diafocus could help people create good habits and retain them. [...] The tricky part with diabetes is that you don't
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Alcohol Smoking

Patient Drinking? Frequency Units Smoking? Frequency

P1 � �
P2 � �
P3 � �
P4 X occasionally <7 �
P5 � �
P6 � �
P7 X occasionally <7 X daily
P8 X daily <7 X occasionally
P9 X occasionally <7 �
P10 � �
P11 � �
P12 � �

Table 5. Alcohol consumption and smoking status per patient.

feel the long-term consequences of not managing your disease properly until many years after.�(P3) This view on
DiaFocus was con�rmed by the participant who was diagnosed with diabetes less than one year before using
the app (P7), who found it useful in understanding her disease better:�I have a hard time confronting myGP
when I don't feel understood about my disease. I think the app can help me with [the data and information] I need to
convince him to listen.�(P7).

7.3.2 E�ort Expectancy.E�ort expectancy assesses the degree to which an individual believes that ease is
associated with the use of the system, and is a measure of perceived ease-of-use or usability of the system.
Figure 13 shows theCUMACFresults, showing that a majority of the participants were satis�ed with the overall
ease-of-use of DiaFocus and found it easy to use and easy to learn to use. However, fewer participants found the
UI to be good and the information to be clear, and a majority found that DiaFocus did not have all the functionality
needed.

During the interviews, the participants added more nuanced insights. Overall, participants appreciated the
simple design, ease of interaction, and logical navigation between the di�erent features. Participants found the
health status and data visualization useful, as expressed by P10: �I like to check the app daily to have some control
points for seeing how I am doing with my diabetes�. Participants highlighted the ability to report and see their data
in an accessible manner as an important feature of the app. Particularly, some participants appreciated the ability
to see patterns and relationships between their di�erent types of data, including the overview provided by the
color coding of their di�erent health statuses. Some participants did, however, have some problems reading the
data visualization and wanted more explanation of the color coding and the linkage to the collected data. As
expressed by P2: �I'm missing indicators on the landing page to give a more thorough understanding of how my
numbers impact my health. What does moving from [a] green to [a] yellow color indicator for diabetes management
mean?�.

When investigating that several participants (41%) did not think they would be pro�cient in using DiaFocus,
they argued that theUI on a mobile phone was too small and they had problems hitting the right buttons and
typing in text. Moreover, during the study we found that many participants had problems typing in their username
and password, and were often blocked by the system after 3 unsuccessful attempts. Others just found using an
app on the mobile phone as �too cumbersome�. The majority (58%) of the participants expressed that DiaFocus did
not have the functionality they would expect. When asking about this, it turned out to be linked to the �ndings
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above, namely that the participants found the functionality to be most useful for people who had not had diabetes
for a long time. For example, as expressed by P8 who has had diabetes for 20 years: �I don't think all the data in
the app is relevant to me, as I mostly focus on blood glucose. New people with diabetes might �nd it more relevant.�
Moreover, several patients expressed that keeping track of medication and physical activity beyond step counting
would be important features to add to DiaFocus.

7.3.3 Social Influence.Social in�uence assesses the degree to which an individual perceives that important
others believe s/he should use the system. As shown in Figure 14, the majority of the participants did not answer
these questions. These results re�ect the study design and the fact that noHCPs were involved in this feasibility
study. None of the participants involved their ownGPin the use of DiaFocus and the data collected, and very few
involved their spouse or others in the use of the app due to the limited time span of the study.

The interviews revealed that many participants would �nd the DiaFocus system motivating if put into regular
use in their diabetes treatment and care. As put by P4 who has had diabetes for 16 years: �It is nice that the app
collects and presents my data to me � it has kept me motivated at some points to keep going with what I need to�.
Participants argued that the app would motivate them to stick to healthy habits and follow the advice and plans
from the HCP. They pointed to the support for recurrent focus on diabetes management via the surveys, the
collection and visualization of data, and the ability to create personalized plans and focus areas together with
their HCP as the main features in DiaFocus supporting this.

7.3.4 Facilitating Conditions.Facilitating conditions assess the degree to which an individual believes that an
organizational and technical infrastructure exists to support the use of the system. As shown in Figure 15, the
majority of the participants agreed that the necessary organizational and technical resources would be available
for DiaFocus. During the interviews, most participants expressed that they had a su�ciently new smartphone
to run the system and only one participant had a phone that was too old. They also argued that the app was a
`standard' app like many others and hence straightforward to install and use. Despite the need for upgrading the
app during the study and the need for re-login, most participants found that there was su�cient support for the
system. However, some participants (25%) still found the support lacking and had problems upgrading the app,
which again was leading to data loss.

7.3.5 Behavioral Intention.Behavioral intention assesses the degree to which an individual intends to use the
system in the future, based on the experience of using it now. This is only a single question and represents the
overall assessment of intended use. As shown in Figure 16, half of the participants would use the system in the
future if available, while 17% would not.

When asking about the future use of DiaFocus and such kind ofmHealth technologies, we found that all
participants (# = 10) were positive towards using a system like DiaFocus for the management of their diabetes
in the future. 70% (# = 7) already used some health monitor devices such as smartwatches, and 80% (# = 8) were
positive towards using a continuous glucose monitoring (CGM), if relevant to their diabetes. 90% (# = 9) were
positive towards their health and behavior data being collected and shared with others, as long as it is for health
purposes. 30% (# = 3) expressed concerns about health and behavior data potentially being abused.

8 DISCUSSION
The main focus and contribution of DiaFocus is its adaptive approach to the psycho-social assessment of patients
with T2D as part of theiPDM treatment process, which has shown to improve the treatment of diabetes by
lowering long-term blood sugar levels (HbA1c) [30, 43, 44]. In this section, we will discuss the lessons learned
from this study. First, we will discuss the use of semi-automatic mobile sensing technology in the design of
mHealthdiabetes management systems, and then how the use of this type of technology in DiaFocus supports the
adaptive approach to the psycho-social assessment of patients withT2Das part of theiPDM treatment process.
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