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Abstract

Background: Various multifaceted factors need to be addressed to improve the health and quality of life of people with type 2
diabetes (T2D). Therefore, we developed a web-based decision support tool that comprises a more holistic diagnosis (including
4 domains. body, thinking and feeling, behavior, and environment) and personalized advice. This 360° diagnostic tool enables
people with T2D and health care professionals at the general practice to obtain an overview of the most important T2D-related
issues and, subseguently, determine the most suitable intervention for the person with T2D.

Objective: Thisstudy aimed to describe the systematic and iterative devel opment and evaluation of the web-based 360° diagnostic
tool.

Methods: We defined the requirements for the web-based 360° diagnostic tool based on previously developed tools, aliterature
review, and inputs from a multidisciplinary team of experts. As part of the conceptualization, we defined 3 requirements:
diagnostics; feedback; and advice, consultation, and follow-up. Next, we developed and designed the content for each of these
requirements. We evaluated the diagnostic part of the tool (ie, measurement instruments and visualization) with a qualitative
design, in a usability study with a think-aloud strategy and interview questions, among 8 people with T2D at a Dutch general
practice.

Results: For each of the 4 domains, specific parameters and underlying elements were selected, and measurement instruments
(including clinical data and questionnaires) were chosen. Cutoff values were defined to identify high-, middle-, and low-ranking
scores, and decision rules were developed and implemented using R scripts and agorithms. A traffic light color visual design
was created (profile wheel) to provide an overview of the scores per domain. We mapped the interventions that could be added
to the tool and developed a protocol designed as a card deck with motivational interview steps. Furthermore, the usability study
showed that people with T2D perceived the tool as easy to use, useful, easy to understand, and insightful.

Conclusions:  Preliminary evaluation of the 360° diagnostic tool by experts, health care professionals, and people with T2D
showed that the tool was considered relevant, clear, and practical. The iterative process provided insights into the areas of
improvement, which were implemented. The strengths, shortcomings, future use, and challenges are a so discussed.
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Introduction

Background

Type 2 diabetes (T2D) is considered a public health problem
worldwide. The prevalence rate of diabetesishigh and continues
to increase [1]. Approximately 537 million adults (aged 20-79
years) live with diabetes, of which the majority (90%) have
T2D [2]. T2D contributesto increased mortality and morbidity
[1,3]. Peoplewith T2D have anincreased risk of adverse health-
(eg, cardiovascular diseases, neuropathy, and retinopathy),
socia-, and economic-related consequences[1,4,5]. Asmultiple
factors are related to T2D, it is important to use a holistic
approach in the management of T2D to improve the health and
quality of life of people with T2D. Hedlth care usually focuses
on physical hedlth factors, whereas a holistic approach also
includes other factors such as lifestyle, mental health, and
socioeconomic environment factors, and as such, demedicalizes
societal problems [6,7]. Thus, it isimportant to develop atool
that enables a person with T2D, together with the health care
professional at the general practice, to obtain an overview of
the most important T2D-related issues to determine the most
suitable management options for the individual. Such a tool
may (1) increase and support self-management, empowerment,
and informed decision-making for people with T2D and (2)
improve communication between health care professionalsand
peoplewith T2D (including shared decision-making and shared
treatment strategy) [6].

Besides physical health factors (eg, familial predisposition,
insulin resistance, and obesity), lifestyle-related factors (eg,
eating pattern, physical activity, and sedentary behavior), mental
health factors (eg, emotional stress, anxiety, and depression),
and socioeconomic environment factors (eg, neighborhood
deprivation) have also been identified as risk factors of T2D
[8-11]. Theserisk factors not only influence T2D but also affect
how individuals experience and manage their T2D [7,12].
Inversely, T2D may affect these factors and, thus, an
individual’s quality of life. For example, T2D could induce
diabetes-related depression or emotional stress and thus may
affect mental health [7,13-16]. Moreover, these factors may
also interact with each other. For example, the socioeconomic
environment (eg, socia networks) may influence physical and
mental health [7]. Therefore, it isnecessary to consider ahalistic
approach for T2D that involves al these factors during the
diagnosis and treatment to obtain a broad perspective on the
health status of individuals with T2D. In addition to the
empirical evidence that a holistic approach is well suited for
diagnosing and managing T2D, it isaso in line with the more
recent approach of positive health. This concept covers amore
dynamic definition of health, focusing on an individual’'s
capacity to deal with new situations (resilience and coping) [6].

To develop a tool that encompasses a holistic approach,
including comprehensive health status assessments that are
subsequently discussed between patient and heath care
professionals and followed up by interventions, if necessary,
we were inspired by the web-based tools of the Power2DM
project [17] and the Primus project [18]. The goa of the
Power2DM project [17] was to support patients with diabetes
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by devel oping a self-management support system and a shared
decision-making app for health care professionals and patients.
The goal of the Primus project [18] was to improve the health
and quality of life of people aged 55-74 years. A web-based
screening of behaviors that increase the risk of cardiovascular
diseases, depression, or loneliness was developed. Using if-then
decision rules, the screening results were used to tailor awritten
health risk assessment. For instance, individuals were advised
to lose weight if their BMI was >25. Next, these results were
discussed with a nurse practitioner in primary health care and
the person with T2D on how to implement the adviceto improve
the person’s lifestyle. In the Netherlands, people with T2D are
mainly under the care of nurse practitioners supervised by a
genera practitioner (GP) in primary health care. In addition to
the Primus project example, we wanted to develop atool that
visualizes the results of the assessment to facilitate the
discussion about it and to support informed and shared
decision-making. Some examples are available, such as the
“Web Diagram” by Huber et al [6], the Assessment of Burden
of Chronic Conditions tool [19], and the “ Self-Management
Web” by Beck et al [20]. We wanted the visualization to be
easily understood, encompassing a holistic approach and
motivating discussion of actions. Moreover, to facilitate
discussions between patients and health care professionals, it
is necessary to offer professional guidance on achieving shared
decison-making and to use a directive, client-centered
counsealing styleto elicit behavioral change[21,22]. In summary,
itisimportant that thetool includesthe following 3 components:
diagnosis (ie, performing the diagnosis: the GP's assistant
performs the measurement and the patient completes the
guestionnaires); feedback (ie, communicating the diagnosis:
the patient receives the feedback and the explanation of the
results); and advice, consultation, and follow-up (ie, acting on
the diagnosis: discussion during the consultation on improving
the results via personalized advice and the patient working on
personal goals).

Objectives

For amore halistic diagnosis and personalized advice approach
for people with T2D, we developed a web-based toal, that is, a
360° diagnostic toal. Inlinewith empirical evidence, the positive
health concept, and the dynamic definition of health, our halistic
approach for T2D includes 4 domains: physical health, mental
health, lifestyle behavior, and socioeconomic environment.
Moreover, thisholistic approach shedslight on the relationships
between domains, for example, how lifestyle behavior influences
physical health. Diagnosing people with T2D in al 4 domains
will facilitate a more personalized approach in which they can
successfully face their specific physical, emotional, and social
challenges, which includes prioritizing and provisioning tailored
interventionstoimprovetheir T2D and quality of life. The 360°
diagnostic tool isintended as adecision support tool that enables
people with T2D and health care professionals in the general
practice setting to identify and address relevant factors affecting
T2D and itsimpact on a person to determine the most suitable
interventions. In this paper, we describe the systematic and
iterative development and evaluation of this web-based 360°
diagnostic tool.
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Methods

Procedure

As part of the web-based 360° diagnostic tool, we defined the
requirementsfor diagnosis, feedback; and advice, consultation,
and follow-up.

We based our approach regarding diagnosis, feedback, advice,
consultation, and follow-up on the setup of the Primus project
[18].

First, to enable adiagnosis, an overview of the possible relevant
parameters for each of the 4 domains was made. A team of
expertsfrom the Netherlands Organization for Applied Scientific
Research (TNO), representing multidisciplinary research fields,
and health care professionals acted as an advisory committee
intheiterative process of the development of thetool. For each
domain, the potentid list of parametersand elementswas drafted
by 3 expertsin thefield using previously devel oped toolsin the
Primus project [18] and Power2DM project [17], a literature
review, and expert consultation. Theresfter, 3 other expertsfrom
the advisory committee reviewed and complemented the list.
Parameters were defined as barriers or risk factors for people
with T2D and that are changeable. Subsequently, for each
parameter, the underlying elements were identified. Elements
were defined as the measurable components of a parameter (for
instance, the parameter “blood pressure” consists of the elements
“systolic blood pressure” and “diastolic blood pressure”). The
final step wasto select ameasurement instrument to assess each
eement. A measurement instrument had to fulfill certain criteria,
such as (validated and reliable) questionnaires that were easy
to complete and as short as possible. Then, the instruments
regarding the body domain had to be components of standard
clinical care (eg, blood pressure).

Second, to provide feedback on each parameter or underlying
element, communicating the diagnosis was an important part
of the conceptualization. Therefore, for each measurement
instrument (ie, element), we had to decide the cutoff values.
These values were based on the literature to identify high-,
middle-, and low-ranking scores. Decision ruleswere devel oped
to combine the elements to rank the main parameters. To
implement these decision rulesfor the elements and parameters
in aweb-based portal, R scripts and algorithmswere devel oped.
We aimed to devel op atool that visualizesthe assessment results
to facilitate discussion and support informed and shared
decision-making between people with T2D and hedlth care
professionals in general practice. We wanted the visualization
to be easily comprehensible, encompassing all 4 domains and
motivating discussion of the actions.

Third, to enable advice, consultation, and follow-up, a protocol
was needed to discussthe 360° diagnosisin astructured manner
during the consultation with the health care professional. The
protocol was developed based on a 3-talk model of shared
decision-making [21] and motivational interviewing (MI) [22].
Theaim of the 360° diagnosis and profile wheel wasto identify
and address relevant factors that affect a person with T2D and
to obtain personalized advice and the most suitable treatment
option. Therefore, we first needed to compile a list of
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interventionsin the Netherlands for all the parametersincluded
in the 360° diagnosis. Subsequently, we needed to use the
middle- and low-ranking scores in the profile wheel to decide
the parameters for which an intervention could be offered to
the individua. Interventions were selected if they could
positively alter these parameters. We conducted desk research
with inputs from (1) experts of the advisory committee and (2)
internet searches. Interventions were included when they could
be clearly identified as one distinct intervention and when they
were available either nationwide or in 2 regional areas where
we intended to evaluate and test the 360° diagnostic tool.
Interventions could range from apps (eg, MySugr), websites,
local walking initiatives, mindfulness courses, or referra to a
dietician. Finally, we compiled a list of intervention options
that could be added to the tool to provide personalized advice.
Interventions were presented as specific pieces of advice for
discussion during the consultation that could improvethe middle
and low scores of parameters or underlying elements. A
follow-up was planned after the first consultation.

To evaluate whether the diagnostic part of the tool (ie,
instruments, visualization, and technology) was relevant,
acceptable, and usable, we presented the tool to the advisory
committee and conducted aqualitative study, that is, ausability
study with a think-aloud strategy and evaluative interview
guestions, among people with T2D at the genera practice
“Mozaiek” in Rotterdam, the Netherlands (for moreinformation
about usahility testing, refer to the study by Marambaet al [23]).
The prototype of the 360° diagnostic tool presented to both the
GP and nurse practitioner at the general practice “Mozaiek” in
Rotterdam, the Netherlands, received a positive evaluation and
was considered relevant and practical. For the usability study,
8 people with T2D were recruited from the general practice
“Mozaiek” in Rotterdam, the Netherlands. Participants were
recruited via a nurse practitioner of the general practice,
specifically focusing on people with T2D with low
socioeconomic status. The inclusion criteria for participation
in the study were adiagnosis of T2D and being ableto read and
speak Dutch. The participants participated individually. The
procedure was asfollows: theinterviewer filled in the biomarker
data of the participantsin the domain “body.” Participants then
completed web-based questionnaires for the other 3 domains
(duration of 10-20 minutes). On the basis of these responses,
thediagnosis could be cal culated and shown in the profilewhese! .
Whilefilling in the questionnaires and inspecting the graphical
feedback in the profile wheel, users were encouraged to think
aloud. Subsequently, evaluative interview questions regarding
certain topics were asked, for example, whether specific
guestions or questionnaires posed difficulties as well as
regarding the profile wheel, whether they recognized themselves
in the feedback, and if the icons were self-explanatory. Thus,
theinterviewer discussed the visualization (eg, understandable,
recognizable, and informative) and the questionnaires (eg,
wording, difficulty, and length) with the participants. The total
session took 90 minutes. The results of the usability study
concerned the relevance, acceptability, and usability of thetool,
specifically regarding the evaluation of the measurement
instruments and the visualization of the tool.
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Ethical Consider ations

The 8 participants in the usability study were informed by the
nurse practitioner of the general practice about what was
expected of them when participating in the study, and
participants verbally provided informed consent. Subsequently,
during participation, the interviewer informed each participant
again at the beginning and asked if there were any questions.
The privacy and anonymity of the participants were guaranteed.
Asareward for participating in the study, participants received
avoucher of €25 (US $26.08). This usability study wasthefirst
phase of a larger project approved by the Medical Ethics
Committee Brabant (NL67846.028.18; January 8, 2019).

Results

Conceptualization and Development Phase

Diagnosis

The first list of parameters and instruments compiled by the
first 3 experts included 138 different instruments to assess
holistic health, including neurology, metabolic health, motor
skills, physical fitness, personality, eating behavior, quality of
life, and mental health. This list was further edited by another
3 experts focusing on lifestyle and T2D. The final diagnostic
tool included the following 4 domains. body, thinking and
feeling, behavior, and the environment. Specific parametersfor
each of the 4 domains were selected. It was decided that each
domain should not have >6 parameters for visualization and
comprehensibility reasons (Table 1). The domain “body”
included the parameters glucose metabolism, blood pressure,
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cholesterol, weight, and kidney function. The domain “thinking
and feeling” included the parameters perceived health, pain,
mental health, perceived stress, and problems with T2D. The
domain “behavior” included the parameters alcohol
consumption, cigarette smoking, eating patterns, physical
activity and exercise, sedentary behavior, and T2D management.
The domain “environment” included the parameters family,
loneliness, work, income, and housing. Most of the parameters
consisted of the underlying elements, as listed in Table 1. For
example, regarding the domain “behavior,” the following two
underlying elements of the parameter “alcohol consumption”
were included: (1) the average number of glasses per day and
(2) binge drinking.

To develop a T2D diagnostic and communication tool, we
selected measurement instruments to assess each element of the
360° diagnostic tool. It was decided how to measure each of
these elements and by whom (eg, which measurement
instruments, including their feasibility, accessibility, and
burden). The elements included for the domain “body” were
measured through clinical data filled in by the health care
professional, for example, hemoglobin A, (HbA,; alsoreferred
to as glycated hemoglobin), sober glucose, high-density
lipoprotein, and low-density lipoprotein. The parameters or
underlying elements of the other 3 domains were measured
through questionnaires completed by the person with T2D, for
example, the average number of glasses of alcohol per day,
perceived stress, and loneliness. Furthermore, the number (of
items) and duration of the questionnaires were considered to
determine which instruments to use.
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Table 1. A short overview of the domains, parameters, and underlying elements of the 360° diagnosis.

Domain and parameters Elements

Instruments

Body?
Glucose metabolism HbA1.°, fasting glucose, and 2-hour

glucose

Blood pressure Diastole and systole

Cholesterol HDLC, LDLY, total cholesterol, and
ratio HDL and triglycerides
Weight BMI, waist circumference, and

waist-hip ratio

Kidney functioning eGFR® and albuminuria stages

Thinking and fedling’

Perceived health N/AY
Pain N/A
Mental health N/A
Perceived stress N/A
Problemswith diabetes  N/A

Behavior'

Alcohol consumption The average number of glasses per

day and binge drinking

Cigarette smoking Number of cigarettes and craving

Eating pattern Fruit, vegetables, soda, fast-food,
and snacks

Physical activity N/A

Sedentary behavior N/A

Diabetes management Glucose monitoring and medication

adherence

Environment'

Family Worries about children and worries
about relations

Loneliness N/A

Work N/A

Income N/A

Housing Neighborhood and house

Determined from blood samples

Blood pressure monitor

Determined from blood samplesin alaboratory

Weighing scale and measuring tape

Determined from morning urine in alaboratory

A single general health item from the Medical Outcomes Survey Short-Form
36 (SF-36) [24]

One item from the Medical Outcomes Survey Short-Form 36 (SF-36) [24]
WHO-5" Well-being Index [25]
Perceived Stress Scale [26]

PAID-5 [27]

Five questions regarding frequency and quantity measures of acohol consumption
[28]

A craving question based on the Fagerstrom Test for Nicotine Dependence [29]
and a question on number of cigarettes [30]

Questions based on Dutch dietary guidelines [31] and Dietary guidelines for
people with Type 2 Diabetes [32]

SQUASH (Short Questionnaire to Assess Health-enhancing Physical Activity)
[33]

Questions based on the Marshall sitting questionnaire [34]
Diabetes Self-Management Questionnaire [35]

Questions based on the DSM! 1V [36] and the Dutch Self-Sufficiency Matrix
[37]
Questions based on the DSM 1V [36] and the Dutch Self-Sufficiency Matrix
[37]
Questions based on the DSM 1V [36] and the Dutch Self-Sufficiency Matrix
[37]
Questions based on the DSM 1V [36] and the Dutch Self-Sufficiency Matrix
[37]
Questions based on the DSM 1V [36] and the Dutch Self-Sufficiency Matrix
[37]

#The elements of this domain were measured using clinical datafilled in by a health care professional.

PHbA 1c: hemoglobin A 4.

CHDL: high-density lipoprotein.

dLDL: low-dens ty lipoprotein.

€eGFR: estimated glomerular filtration rate.

"The elements of this domain were measured through questionnaires completed by people with type 2 diabetes.

IN/A: not applicable.
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PWHO-5: World Hedlth Organization —five.
'PAID-5: Problem Areas in Diabetes Scale —five.
JDSM: Diagnostic and Statistical Manual of Mental Disorders.

Feedback

Cutoff Values and Decision Rules

Decision rules had to be formulated based on cutoff points to
identify high-, middle-, and low-ranking scores. We decided to
visualize these scores based on a “traffic light model,” which
communicated high (green)-, middle (orange)-, and low
(red)-ranking scores, where middle- and low-ranking scores
identified areas of improvement. For instance, psychological
well-being was measured using the World Health Organization

Harakeh et al

(WHO)-5 Well-being Index (WHO-5) [25]. The scores on the
WHO-5 range from 0 (absence of well-being) to 100 (maximum
well-being), and the cutoff score of <50 was used for the
screening of depression. Thus, scores of <50 were “red,” and
scores of >50 were “green.” In this case, no “orange” scores
were obtained. Another example is blood pressure, which is
shown in Table 2. The cutoff points for the separate elements
of diastolic and systolic blood pressure were based on the WHO
guidelines [38]. The decision rule for combining the separate
elements in the aspect of “blood pressure” was developed by
the researchers.

Table 2. Overview of the cutoff values and decision rules for blood pressure.

Separate elements Combined parameter
Systolic cutoff score Systolicdeci-  Diastolic cutoff  Diastolic decision  Systolic cutoff Diastolic cutoff ~ Blood pressure decision
sionrule score rule score score rule
<140 Green <90 Green <140 <90 Green
140 to <160 Orange 90 to 100 Orange <140 90 to 100 Orange
=160 Red >100 Red <140 >100 Red
N/A2 N/A N/A N/A 140 to <160 <90 Orange
N/A N/A N/A N/A 140 to <160 90 to <100 Orange
N/A N/A N/A N/A 140 to <160 =100 Red
N/A N/A N/A N/A 2160 <90 Red
N/A N/A N/A N/A =160 90 to <100 Red
N/A N/A N/A N/A 2160 2100 Red

3N/A: not applicable.

Visualization of the Tool

Next, avisual design was created for the profile wheel (Figure
1) to provide an overview of the scores per domain. We
developed this visualization of the 360° diagnostic tool in
cooperation with a data scientist expert on visualization. The
interaction between the tool and the user involved clicking on
the questionnaires, response categories, and iconsin the profile
wheel. Each domain (ie, body, thinking and feeling, behavior,
and environment) was considered equally important. Therefore,
the wheel was divided into 4 quadrants of equal sizes. In each
guadrant, amaximum of 6 small icons were fitted, reflecting a
particular parameter of each domain. For instance, a blood

https://formative.jmir.org/2023/1/€37305

pressure monitor icon represented blood pressure, and the stress
icon resembled the outline of ahuman head with lightning bolts.
Depending on the diagnostic data, theiconsin the profile wheel
were red, orange, or green, reflecting a healthy status or room
for improvement. If a parameter consisted of underlying
elements, it was possibleto click on that particular iconto reveal
these elements. When clicking on a particular icon (Figure 2),
more specific information was provided. For instance, for blood
pressure, scores for systolic and diastolic blood pressure were
also shown with traffic light colorsindicating cutoff scores. The
patient’s score was given as ablack colored number, and asmall

black triangle indicated the corresponding position on the bar.
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Figure 1. The profile wheel version 1.0 resulting from the 360° diagnosis.
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Figure2. A version 1.0 example of a click-through in the profile wheel for the parameter “blood pressure.” BP: blood pressure.
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Advice

In the first exploration of the available interventions in the
Netherlands, we listed 27 interventions. We classified the
interventions into the following categories:

1. Group-based interventions (eg, mindfulness groups to
prevent stress)

Events (eg, diabetes cafes)

Experts and knowledge centers (eg, dietician)

Apps (eg, mySugr and stepcounter)

Devices (eg, step counter and pulse meter)

Programs (eg, combined lifestyle interventions)
Knowledge platforms (eg, Dutch Nutrition Center [39]).

No oM wWDd

We also classified the availability of theinterventionsinto three
categories: (1) proximity to the genera practice, (2) general
practice located within the municipality, and (3) nationwide
and web based.

The overview of interventions can be used to discuss options
between the patient and health care provider.

Consultation and Follow-up

The protocol was drafted by 2 experts on M1 based on a Dutch
version that represented the MI steps in a set of playing cards
[40]. The protocol was designed as a card deck (Figure 3). An
expert on shared decision-making reviewed the protocol to
check correspondence with shared decision-making principles.
A health care professional also reviewed the protocol.

https://formative.jmir.org/2023/1/€37305

XSL-FO

RenderX

The card deck consisted of the following 15 cards: title page,
content, M1 basic attitude, M| core skills 1, MI core skills 2,
MI core skills 3, diabetes coaching steps overview, step 1
agenda, step 2 current situation |, step 2 current situation |1,
step 3 motivation I, step 3 motivation 11, step 4 planning I, step
4 planning 11, and step 5 rounding up. Each skill or step card
described the goal, underlying parts, and examples (Figure 3).
Instep 5*“rounding up,” an intervention was chosen to improve
one of the middle (orange)- or low (red)-ranking parameters.
Furthermore, a summary was provided about the current
situation, the goa (which parameter to improve), the
intervention to reach that goal, and possible backup plans and
resources to adhere to the intervention.

Follow-up was designed in collaboration with behavioral change
experts and health care professionals. Figure 4 shows the 360°
diagnostic procedure advised to be followed in general practice.
First, the assistant of the GP (eg, nurse practitioner) measures
the patient’s clinical data in the body domain. Second, the
patient completes the questionnaires for the other 3 domains.
In the consultation, the diagnosis represented in the profile
wheel is discussed using the protocol, and an intervention is
chosen. After approximately 3 months, asecond 360° diagnosis
is performed by the GP's assistant to check how the patient is
doing and to discuss whether possible improvements have been
made. The second 360° diagnosis is an important form of
feedback for both the health care professional and the patient.
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Figure 3. Two example cards of the 360° diagnosis motivational interviewing card deck.

Motivation |

Goals
+ Reinforce client ‘s motivation to change one
topic of choice.

Components
¥" Discuss which topic (preferably from
“behavior”) the client wants to work on.

Example:

¥" Reinforce motivation for this topic:

Importance (wanting)

Examples:
- Ruler=>

(for example, quit smoking / get more
exercise)? (0=not important at all, 10=very
important).

- Questions about the benefits of change >

- Talking about the future >

- What works for others >

Motivation |l

v" Reinforce motivation for this topic:
(continued)

Confidence (be able)

Examples:
- Ruler >

(for example, quit smoking / get more
exercise)? (0=no confidence at all, 10=very
confident).

- Talking about the future =
- Talking about the past >
- Exploiting strengths >
" If importance/confidence is low, please

choose another subject.

¥" Provide a summary of motivation

Figure 4. The diagnostic procedure advised to be followed in the general practice for the 360° diagnostic tool. GP: general practitioner.

\\ \ \
) B
GP’'s assistant  Patient fills GP’s assistant  Patient can
performs out explains the start working
measurements  questionnaires  results using on personal
with patient the “profile goals
wheel”

Evaluation Phase

Overview of the Participants

Intota, 5 malesand 3 femal es participated in the usability study,
and their ages ranged from 34 to 70 years (mean 54.25, SD
10.35 years). Five participants had lower education, 1 had
middle education, 1 had higher education, and 1 participant’'s
educational background was unknown. Half of the participants
were Dutch. The duration of T2D ranged from 2 weeks to 4
years, and for 1 participant, the duration was unknown. Five
participants used medication for T2D, and for 2 participants, it
was unknown.
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Evaluation of the Measurement | nstruments of the Tool

Half of the participantstook approximately 12 minutesto answer
all the questions included in the 360° diagnostic tool. One of
the reasons that some participants took relatively more time to
answer the questionnaires was that the system was too slow
owing to bad internet connectivity. In general, the participants
understood the questions in the questionnaire and were able to
answer them easily. They did not perceive the questions to be
difficult, strange, or unexpected. Of al the included
guestionnaires, the stress questionnaire took the most time to
complete because stresswas perceived asamore complex topic
by participants and because it consisted of more questions.
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The first questionnaires in the 360° diagnostic tool were more
generic, but the participants were originally expecting questions
about diabetes. In addition, it isnot always clear for participants
whether questions (eg, regarding pain) were asked in genera
or in relation to T2D. In addition, explanations were missing
regarding how certain parameters, such as loneliness, were
related to diabetes. Therefore, we revised the structure of the
guestionnaires. We also added a brief introduction to the
guestionnaires so that participants would understand why we
asked these questions about a certain parameter that was not
obviously related to diabetes.

In terms of response categories, participants did not perceive
the organization of the response categories of some of the
guestions assessing the parameter “ problems with diabetes’ as
logical. Therefore, they were adjusted such that these response
categoriesranged from “not aproblem” to “aserious problem.”
Moreover, some questions required additional response
categories. For example, “no relationship,” “having a
relationship, but not living together,” and “living together” were
missing as response categories to the question about marital
status. In addition, some questions needed to be adjusted to be
applicable to people with T2D. For example, questions about
diet were adjusted to fit the recommended dietary pattern.
Furthermore, routing was lacking for some questions. For
example, participants who indicated they did not drink alcohol
still received a follow-up question on how many glasses of
alcohol they consumed during the week or weekend, and they
needed to fill in O glasses to be able to continue with the
guestionnaire.

The number of questionswas deemed to be adequate. Although
some participants indicated that for some domains and
parameters, more questions could have provided amore detailed
view of their context or situation, for instance, parameters
measured with only 1 question, such as loneliness or income.
However, we decided to keep the questionnaires short and did
not include additional questions. In addition, more information
and nuances can be discussed in further detail during the
consultation with the health care professional.

In conclusion, positive feedback on the questionnaires affirmed
our choice and the length of the questionnaires for the 360°
diagnostic tool. The evaluations suggested improvementsto the
structure and introduction of the questionnaires and response
categoriesfor some questions (including routing). These points
for improvement were easily adjusted and integrated into the
360° diagnostic tool.
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Evaluation of the Visualization and Feedback of the
Tool

In general, the participants perceived the profile wheel
visualization, including the icons presented, as pleasant. The
profile wheel did not contain much information and was
perceived as useful. Participants indicated that it helped them
keep track of their health and provided personalized resultsthat
could be discussed and analyzed with their health care provider.
However, complex language and the use of technical
terminology caused some problemsin understanding the profile
wheel. As a result, we changed the text accordingly. For
example, “glucose” was replaced by “blood sugar” The
visualizations and colors in the profile wheel were perceived
as clear and corresponded with the participant’s health status.
Participants understood the traffic light colors (green, orange,
and red) directly and had an overall impression of each domain.
The participants reported some icons that were perceived as
unclear and confusing. For instance, they did not recogni ze that
the blood pressure icon represented a blood pressure monitor
or that the glucose icon represented a finger prick. As aresullt,
weredesigned theseiconsinto aclearer icon of ablood pressure
monitor and a glucose icon representing sugar (Figure 5).

Clicking through icons was considered nice and informative.
However, the participants expected that every icon would have
a click-through, and this was not the case. Adjustments were
madeto the profilewheel so that it was possibleto click on each
icon. Furthermore, when clicking ontheicon, it was not always
clear what the depicted values meant and how to interpret the
results. However, this needed to be optimized. Furthermore, for
1 participant, the profile wheel could not be shown because the
questionnaireswere not fully answered; however, it was resolved
inanewer version. The profilewheel in the newer version shows
gray iconsif certain questions remain unanswered. The usability
study also showed that programming (underlying scripts and
algorithms) required further work. For example, the icon for
cholesterol was red, whereas the underlying data did not imply
red classification. In addition, thetechnica system (ie, the porta
of the 360° diagnostic tool) did not always work as intended
and was sometimes slow on the time scale of minutes.

In conclusion, the visualization of the profile wheel (including
click-through icons) was evaluated positively regarding
relevance, ease of use, and usahility for the 360° diagnostic tool.
The evaluations showed some suggestions for improvements
regarding simpler language (including avoiding technical
terminol ogies) in the feedback, clearer and click-throughicons,
and debugging the underlying scripts and agorithms in the
profile wheel. These points of improvement were incorporated
into the updated version of the profile wheel.
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Figure5. The adjusted profile wheel after evaluation of the usability study.
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Discussion

Principal Findings

The treatment of T2D could benefit from a more holistic
diagnosis, which provides insights into the main underlying
T2D-related issues for an individual, shared decision-making,
and puts the patient first. Therefore, a 360° diagnostic tool has
been developed for this purpose. A preliminary evaluation of
our tool by a smal number of experts and health care
professionals showed that the tool was relevant, clear, and
practical. These experts and health care professionals only
commented on the tool and not on its implementation process.
Peoplewith T2D perceived thetool, including the measurement
instruments and visualization, as easy to use, useful, easy to
understand, and insightful.

In devel oping the 360° diagnostic tool, asystematic and iterative
approach was followed, which has several advantages. First, a
broad range of stakeholders was involved, including experts
from multiple domains and health care providers. This broad
consultation was combined with extensive desk research. This
contributed to a comprehensive overview of the factors related
to T2D and enabled their prioritization. Second, by using a
systematic approach, the development process of the tool is
transparent, and al content and design choices are well
documented. Third, by adopting an iterative approach, areas of
improvement could be identified early in the process. This
iterative approach involved multiple consultations with experts
inthefield aswell as presenting the tool to health care providers.
The patients were included in the process during the usability
study.

The main points of improvement in the usability study included
thelogic of some of the answer options, amending explanation
texts for both the questionnaires and the profile wheel, and
adjusting some of the icons used in the profile wheel. In
addition, certain technical parameters needed to be resolved.
Theiterative nature of the development process hel ped identify
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gaps and issues and provided an opportunity to resolve them
before the tool was implemented in primary practice. For
instance, as some icons were not clear to the patients, a newer
version of the profile wheel was developed (Figure 5). Finally,
involving health care providersand patients early in the process
facilitated the future implementation of the tool.

In the devel opment process of the 360° diagnostic tool, choices
were made regarding the selection of relevant domainsand their
underlying parameters and elements. For example, the Web
Diagram by Huber et a [6], which can be considered a similar
approach, also includes the “ spiritual domain.” We decided not
to include this domain, as we fedl it is partly covered by the
“mental health” domain, and is more fitting as part of Ml in
finding potential solutions during the consultation, instead of
asadiagnostic criterion per se. In the selection of domains, the
parameter and element focus was on the known changeable
factors related to T2D. As such, the 360° diagnostic tool not
only visualizes the burden of disease but also provides the
opportunity for tailored and actionable recommendations via
shared decision-making. In the usability test, no specific
domains, parameters, or elements were deemed missing by
people with T2D or health care professionals. In addition, the
domains, parameters, and elements included in our tool largely
overlap with the standard set of outcomes that reflect what
matters most to patients as proposed by the International
Consortium for Health Outcomes Measurement [41], except
for specific diabetes-related complications and medication for
comorbidities. Diabetes-related complications, however, were
generically included in our tool by assessing compounding
problems.

Our tool isalso uniquein combining subjective (questionnaires)
with objective (biomarkers, body composition, etc)
measurements, whereas other tools such asthe Self-Management
Web by Beck et al [20], the Assessment of Burden of Chronic
Conditions tool [19], and the Web Diagram by Huber et a [6]
only include subjective measurements and are therefore more
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vulnerable to bias. In addition, the questionnaires included in
the 360° diagnostic tool consisted mostly of well-established
and validated questionnaires, which alowed for the
benchmarking of individual scores to subgroup or population
averages. What all tools have in common is the holistic view
of health, their supporting function in the conversation between
health care providers and patients, and their focus on shared
decision-making. Theimportance of acomprehensive approach
in treating chronic diseases such as T2D has also been
recognized by the WHO [42], which stipulates that several
factorsinfluence treatment adherence and that these factors may
interact with each other and, as such, affect both adherence and
metabolic control.

Another strength of our tool isthat it isvisual, which contributes
to abetter understanding, is more persuasive than text, and hel ps
to reveal underlying patterns [43)]. It is also more appropriate
for people with low socioeconomic status (which is related to
health literacy). The usability study included people with low
socioeconomic status who reported that the tool was clear and
easy to use. Fit for use by peoplewith low socioeconomic status
or hedlth literacy is very relevant because chronic conditions
such as T2D are more prevalent among them, and therefore,
treatment adherence is a greater challenge [42].

Limitations

First, a shortcoming of this study is that only 1 primary care
practice was involved. The development process and usability
study could have been improved by including health care
professionals and patients from multiple health care practices
to generate a more representative sample and increase the
generalizability of the results. Second, the usability study only
involved an evaluation of the questionnaires and the
visualization via an interview. The protocol for health care
providersto discussthetool and theintervention toolbox needs
to be evaluated in future research. In addition, further research
is required to assess the feasibility and cost-effectiveness of
implementing the tool in areal-world primary care setting.

Implications for Future Use

The 360° tool and intervention toolbox should be continuously
updated with changing guidelines. We also aim to further
develop the tool to increase its usability and value in primary
care. First, the profilewheel currently showsvaluesfor asingle
assessment but monitoring changes over time for individual
patients needsto beincorporated asapart of the 360° diagnostic
procedure in practice (Figure 4). Monitoring the use of the
profilewheel can be valuablefor tracking progressand ng
treatment effectiveness in a more holistic way. Therefore, we
aim to visualize its changes over time for individual patients.

Harakeh et al

Second, the intervention overview has not yet been integrated
into the digital 360° tool. We aim to include an intervention
toolbox and agorithms linking the diagnosis to appropriate
interventions within the tool used in this study to facilitate and
support people with T2D to undertake action based on the
diagnosis. However, offline interventions are often location
specific, which demands situation-specific identification of
fitting interventions. Future development of the intervention
toolbox will include situation-specific decisions for the
appropriate interventionsto be added to the toolbox along with
the domains and parameters they are expected to be effective
for. These decision algorithms should be continuously updated
based on the data coll ected after their implementation in primary
care.

Finally, the 360° tool has been devel oped specifically for people
with T2D, but as also shown by Boudewijns et al [19], thereis
alarge overlap in thefactorsinfluencing chronic diseases. Thus,
after adaptation, our tool may be trandated to other chronic
diseases or potentially for preventive purposes. Therefore, we
aim to adjust the backbone of the 360° tool in such a way that
it becomes modular, such that hew domains, parameters, or
elements can be added or removed more easily to adapt the tool
for other chronic diseases, such as cardiovascular risk
management, or even completely new diagnostic purposes, such
as implementation in pregnancy monitoring. If thetool isused
for other purposes, it is still necessary to consult the relevant
experts and perform aliterature review to identify the missing
parameters or el ements.

Conclusions

The web-based 360° diagnostic tool is a decision support tool
to identify the main underlying T2D-related issues for an
individual, to determine the most suitable interventions by
including a holistic diagnosis, and to facilitate shared
decision-making between aperson with T2D and the health care
professionals in primary care. Preliminary evaluation of the
360° diagnostic tool by a small number of experts, health care
professionals, and people with T2D showed that the tool is
considered relevant, clear, and practica. The iterative
development process provided insights into the areas of
improvement, which were implemented later. In addition, the
usability and value of thetool will benefit from further research
(eg, feasibility, impact, and cost-effectiveness) and devel opment
(eg, monitoring and visualizing changes over time, integrating
interventions as part of thetool, and adapting it for other chronic
diseases and diagnostic or preventive purposes). Therefore, this
tool may lead to a more personalized treatment strategy that
may result in better health outcomes and quality of life.
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