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EXECUTIVE SUMMARY

Cardiovascular diseases (CVD's) are the main cause of death in both developed and low-
income countries. CVD diagnosis and acute events are shocking for individuals; however, most
of these conditions are progressive and can be detected and addressed in early stages. Several
initiatives and strategies aim to diminish the burden of non-communicable diseases by giving
an accurate prognosis. In the Netherlands, a systematic chart is used to assess the risk of
individuals based on epidemiological data: The Systemic Coronary Risk Evaluation (SCORE
chart) measures the probability of individuals suffering a cardiovascular event depending on
contextual and biological measurements, giving health professionals an effective tool to reach
potential patients.

This graduation project aims to improve primary prevention and adherence of individuals
labelled with a high risk of developing a cardiovascular disease by tailoring an information
platform for self-care management. The project considers both an institutional perspective
of the health network and the behaviour change of the individuals from the moment of risk-
labelling to a follow-up appointment, aiming to improve the numbers within this time.

PROBLEM

Although most of the CVD's can be prevented
by addressing modifiable risk factors and several
prevention strategies aim to assess individual risk
in early stages, the prevalence of these conditions
shows that there is a need to reinforce prevention
actions. In the current system, individuals are
categorized using specific markers and comparing
them toaninstitutionalized chart. Once an elevated
risk is detected, individuals are advised to follow a
prevention program that changes depending on
the individual risk factors.

Thereis a clear benefit in assessing and guiding
individuals with a high potential risk of developing
a CVD. However, prevention is not always effective
and individuals find it difficult to adhere to
doctor’s indications in long periods of time. The
attention span and initial shock are replaced by
other immediate concerns from daily life. These
programs rely heavily on the user's adherence and
actions outside the healthcare system. Currently,
caregivers intervene as an external guidance and
assess individuals through define appointments.
People usually find it hard to adhere to treatments
or follow indications when they are left in control
of their own care, especially in long-term programs.
The current health system structure calls for a self-
management strategy that increases individual

adherence without reducing the availability of

caregivers to treat other urgent patients.

The prevention of non-communicable diseases
needs to consider both the capabilities of the
caregivers and the wusers. Intrinsic motivation,
resources and literacy levels play a major role when
understanding and managing risk. A current trend
of including patients in their own care needs to
consider the way health messages are presented
since they can affect the performance outside
a consultation having no health professional
present or available. By integrating individual traits
and responding to intrinsic needs, adherence
can be increased and the system can deliver a
more tailored message that addresses individual
concerns and motivators.

RESEARCH

Longitudinal risk management should adapt
to self-efficacy, capabilities and events of daily life.
Consideration of factorsinvolved inthe adoption ofa
risk-managing system result in broader complexity.
Literature research, design thinking methods and
empirical testing showed that individual factors
are highly different and even antagonistic. It also
showed that individual characteristics are difficult
todetermine in an initial consultation and, in longer
periods of time, these characteristics can change.
Therefore adaptability is needed.

DESIGN PROPOSAL

The project proposesa digital system to facilitate
pro-active involvement and self-management of
modifiable risk factors for individuals between 40
to 50 years old assessed with a high CVD risk. The
characteristics of the concept are developed under
a 2 axis model, focusing on intrinsic or extrinsic
motivators and supportive or challenging message
tones. The system filters out preferences based on
an initial self-evaluation at the beginning of the
prevention program and later on by analyzing the
amount of interaction with the different triggers
and system layers.

The final concept integrates the current
healthcare state to improve response capabilities
without compromising resources. The interaction
measurement is meant to add granularity to user
data and provide deeper understanding of the
user. With this information, health professionals
can address specific concerns and give a more
tailored advice in further consultations.

EVALUATION

In the user evaluation participants perceived
the system as adequate and helpful. The different
styles were also perceived positively. Certain
features had both postive and negative reviews. The
concept was planned to asses this preferences and
adapt, but this characteristic was not evaluated.
In general, participants expressed a positive self-
predicted adherence. Further research is needed
to determine the effectiveness in a longitudinal use
of this self-adapting characteristic.




UNDERSTAND

ABOUT CARDIOVASCULAR DISEASES

Cardiovascular disease (CVD) is an umbrella term for a set of conditions that affect the heart and blood
vessels2. Depending on the characteristics and section, the world health organization (WHO) categorizes these
diseases in:

Coronary heart disease - disease of the blood vessels supplying the heart muscle.

Cerebrovascular disease — disease of the blood vessels supplying the brain.

Peripheral arterial disease - disease of blood vessels supplying arms and legs.

Rheumatic heart disease - damage to the heart muscle and heart valves from rheumatic fever (caused

by streptococcal bacteria).

Congenital heart disease - malformations of heart structure existing at birth.

Thrombosis and pulmonary embolism - blood clots in leg veins which can dislodge and move to the
heart and lungs.




EPIDEMIOLOGY

CVD's are categorized as non-communicable diseases, a group that represents the bigger cause of death
worldwide (Figure 1). In 2016 it was estimated that 17.7 million people died from a CVD, which represents 32.26%
of the world deaths. At least three-quarters of this population belongs to low- and middle-income countries,
where CVD's affect the younger population when compared to high-income countries* According to the
WHO, this has to do with a lack of integrated primary care, a late detection of CVD'’s, and inability to cover the
expenses of a condition by the poorest sector of these countries. In high-income countries, the investment on
prevention and treatment of CVD's has led to a reduction of the mortality rate.

However, a high survival rate also increases the number of patients with a chronic condition. For example,
patients who suffer a heart attack and survive might live until their eighties, but develop a chronic heart failure
that will affect their daily activities and eventually kill them. Having a chronic CVD condition implies long-
term and costly care procedures that are a burden both for the patient and society. In the European Union,
€111 billion is destined to CVD care costs, €54 billion is related to productivity losses and €45 billion is used for
informal care®.

Causes of CVD deaths depend on the specific condition and cases of an individual. Metabolic and
behavioural factors are the main causes of progression and death, but environmental elements such as quality
of air or exposure to radon or lead can increase risk®.

Figure 1 Clobal causes of death in percentages (2016)
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CVD PROGRESS

The progress of a CVD condition can result in acute events such as strokes and heart attacks. These happen
when a vessel gets blocked and blood is unable to reach vital organs (brain and heart). The most common
reason for these clots is atherosclerosis, an inflammmatory condition where fatty plagques accumulate in the
blood vessels creating a clot over time. A rapid development of atherosclerosis is related to an unhealthy
lifestyle but can also be affected by ongoing diseases such as hypertension or diabetes. CVD's can also be a
result of congenital conditions or alterations in the electrical output of the heart.

Depending on the condition characteristic and stage of the CVD treatments can be of behavioural nature,
medication, surgical operations or a combination of actions. In early stages, some CVD's can be controlled with
medication, non-invasive procedures such as beta-blockers, enzyme inhibitors or minimally invasive ones like
pacemakers and stents.
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CVD PREVENTION

Although the progression of certain conditions
is preventable, there are certain risk factors that
are non-modifiable (Figure 2). These include age,
gender, ethnicity and family history. Particularly age
is the most important factor since it triples the risk
for every decade of life. Therefore a CVD diagnosis
can appear as a shock for people following a healthy
life.

Outside these non-modifiable factors, most
CVD's can be prevented by changing behavioural
traits such as tobacco and alcohol consumption,
unhealthy diet and physical inactivity. Certain CVD
treatments might address these changes as a way
to recover, stop the progression of the condition
or prevent comorbidities. These modifiable
risk factors are also used in the screening and
evaluation of people with at risk of developing a
CVD in the future. Worldwide, smoking represents
the major individual behavioural risk (Figure 3).
However, when stacking all of the risks related to
food consumption, diet represent the major cause
of death? (Figure 4).

Figure 2 Factors related to CV death. Non-modifiable risk factors (Metabolic) represent the highest value.
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Figure 3 Death-relation to individual behavioral risk factor.
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Figure 4 Death-relation to behavioral risk factor groups (adjusted).
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TYPES OF PREVENTION

Increasing ageing population and acute event
survival lead to an increment of patients with
chronic illness. Prevention is more cost-effective
than chronic treatment. That is why risk factor
management is the main focus on developed
countries. The World Health Organization (WHO)
estimates that over 75% of premature CVD is
preventable and risk factor management can help
reduce the growing CVD burden on bothindividuals
and organizations®. Because CVD's have different
development phases, markers and symptoms the
type of prevention can be categorized in:

Primordial prevention: Avoiding the
development of risk factors®. This type of
prevention focuses on a young population to avoid
the adoption of risk behaviours such as smoking
or eating patterns. Studies show that preventing
those activities and promoting healthy behaviours
in early stages of life has a more lasting impact
on the development of chronic diseases® ™. These
mMain interventions are on mass education and
institutional applications.

Primary prevention: Treating risk factors to
prevent cardiovascular disease. These are the
actions that aim to avoid a disease appearance.
It can be divided into health promotion among
large groups and specific protection for individuals.
While health promotion is more related to an
institutional level, screening actions and advice
occur on an individual level at the physician’s office.

Secondary prevention and rehabilitation:
Refers to the coordination of interventions to
optimize the physical, psychological and social
wellbeing of cardiac patients and stabilization/
decreasing atherosclerotic appearance, reducing
morbidities and mortality. The aim is to prevent
irreversible pathological changes. In CVD care this
might include the use of aspirins, beta-blockers,
angiotensin-converting enzyme inhibitors and
lipid-lowering medication™.

18

Tertiary prevention: Disease management
programs that try to alleviate the impact of ongoing
diseases and prevent future disabilities, improve
the quality of life and life expectancy.

A stream pattern can be observed from
this categorization (Figure 5), where an
institutionalized-mass approach is used at
initial stages and a more personalized advice is
needed at later stages of diseases. While all of
the stages are important to ensure the wellbeing
of individuals, there is a general consensus about
the importance of preventing small risks on larger
populations since they can generate more risks
than a small number of people exposed to high
risks®™. This apparent contradiction of reach and
impact is called a “Prevention paradox™ ' In a
longitudinal perspective, interventions targeting
fewer risk individuals are more effective than the
ones focusing on high-risk cases. For the creation
of health policies the WHO recommends focusing
on the first stages of prevention, involving general
population and distal health risks'.

The Netherlands has one of the highest
rates of care expenditures in the EU. A 10.7% of
the Gross Domestic Product (CDP) goes to this
sector and is mainly attributed to expenditures
in long-term care”. The epidemiological effect
of these expenditures is complex worldwide®. In
the Netherlands, there is a consistent reduction
of cardiovascular mortality™ and consumption of
tobacco and alcohol is below the EU average®.

Nevertheless, ischemic heart disease remains
as the main cause of death in the country, followed
by lung cancer and Alzheimer. In general CVD's are
persistent within the population at disadvantage
(income/education) and the life expectancy
between high and low educated individuals has
a 6-year difference. Although life expectancy has
increased, people do not always live a healthier life.
The National Institute for Public Health and the
Environment (RIVM) expects that 7 million people
will have a chronic condition in the Netherlands
by the year 2030%. The RIVM also highlights the
importance of early risk assessment to ensure a
long life even with a chronic iliness?2

Figure 5 Non-statistical visualization of population reached in relation with type of prevention and care.
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Figure 6 Risk prediction chart for sub-region Eur-A
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RISK DETECTION — CVD RISK ASSESSMENT

Because of the epidemiology data, CVD prevention is one of the priorities in industrialized countries, having
a general consensus that risk management must be part of the health prevention agenda. Institutions have
designed assessment tools for practitioners to quickly screen and determine population at risk of developing
a CVD condition?. The evaluation of risk factors through statistic-based tools and charts plays a major role in
the prevention of CVD's. With them, asymptomatic individuals can be labelled and guided before a condition
appears. Health professionals use tests and readings to obtain biomarker values than later are compared
with a statistical incidence chart. Depending on the institution providing the tool, the demographic and
epidemiological data and the available technology, charts might have variations between the amounts of
markers measured and the categorization of the results but in general, individuals are categorized depending
on five multipliers: age, gender, smoking status, systolic blood pressure and cholesterol readings.

In the Netherlands, the CVD prevention guidelines recommend the use of the Systemic Coronary Risk
Evaluation (SCORE) inits calibrated chart for the low-risk European countries (Figure 6). These charts are based
on the Framingham heart study?4 showing a 10-year risk of suffering a fatal CVD incident.

The usage and classification of the SCORE chart are divided into 14 epidemiological sub-regions that
consider the available data from each country (Figure 7). For certain countries calibration of the charts is
needed?, however it is an effective tool to evaluate the level of risk for individuals above 40 years old in primary
care?,
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Figure 7 Sub-region country classification
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Mortality strata:
A: very low child mortality and very low adult mortality; B: low child mortality and low adult mortality; C: low child mortality and high adult mortality;
D: high child mortality and high adult mortality; E: high child mortality and very high adult mortality



The CVD risk label is the result of a synergistic
relation analysis rather than an additive one; if a
single risk factor is highly elevated or users suffer
from chronic kidney disease or type Il diabetes
the subject should be labelled with a high risk?,
but this category can be influenced by the
physician judgment and experience. In the case
of individuals with a CVD condition, physicians can
use the research-based model to decide the correct
intervention and measure the effectiveness of it.

Oxygen consumption A Myocardial ischemia

CARDIOVASCULAR DISEASE CONTINUUM

CVD's are developed through years and involve
several observable risk factors and diagnoses. The
sequence of events has been mapped to predict
the future development of a condition and take
action in advance. The chain of elements is called
cardiovascular disease continuum (CVDC) and
provides information about the actions needed
in each stage or the effect a treatment has based
on observable markers: test results, other existing
diseases and biological markers?. (Figure 8)
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Figure 8 Pathophysiological effects of heart rate on the cardiovascular disease continuum.

BIOMARKERS

While risk factors are characteristics of an
individual that predict a specific outcome or
disease progression, biomarkers are indicators that
are involved in the process but by themselves are
not causal of the disease.

According to the National Institutes of Health,
a biomarker is “A characteristic that is objectively
measured and evaluated as an indicator of
normal biologic or pathogenic processes or
pharmacological responses to a therapeutic
intervention.”?®

A biomarker can qualify as a risk factor but
this is not a mandatory characteristic for this
categorization3. While biomarkers will not always
predict a disease progression they can provide
information on the iliness stage, predict the effect
of future therapies and measure the outcomes of
them. These biological parameters need systematic

Chest pain

backup evidence, have a clear use in clinical trials,
provide feedback about the patient treatment or
predict clinical benefit of it, based on statistical
models3.

Atherosclerosis is an example of a disease
progression that can be mapped using different
biomarkers. By measuring levels of specific
proteins, enzymes and oxidation levels physicians
can determine the stage of vessel damage and
CVD risk in consequence (Figure 9).

Other tests that can increase accuracy in CVD
assessments include coronary calcification levels3?
33 advanced lipid and metabolic tests or aspirin
response. Although combining multiple marker
studies increases accuracy, increasing the amount
and complexity of tests usually elevates costs in
consequence.



COMORBIDITIES

In industrialized countries, the incremental rate
of chronic CV conditions also increases the number
of individuals living with more than one CVD or non-
CVD?34. This has to do with the correlation between
diseases and risk factors, which can be sequential,
independent or correlated while the symptoms
and possible treatments can be of similar or

NO ASSOCIATION

HETEROGENEITY
Risk factors are not correlated, but
each of them can cause either

disease.

VRN

Risk factor 1 Risk factor 2

Disease 1 Disease 2

DIRECT CAUSATION

One disease may cause the

H
—

even of an antagonist nature; a treatment can be
effective for co-existing diseases or it can be the
cause or progression of a condition. This complex
interaction can be observed in an etiological model
where diseases and risk factors are mapped and
streamed. (Figure 10)

DIRECT CAUSATION

Disease 2

INDEPENDENCE

Presence of the diagnostic features of each dis-

ease is actually due to a third distinct disease.

Figure 10 Etiological models of comorbid diseases. Interaction of 2 diseases and corresponding risk factors.
All models are empirically valid but not mutually exclusive.

Risk factors are correlated.

Figure 11 Potential comorbidity screening variables.
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Because of these connections treatments and diagnosis of co-existing conditions can be difficult and
costly®®. It may that the comorbidity is mistakenly diagnosed by shared risk factors or that the characteristics
overlap with the ones of another disease. The appearance of co-morbidities can go undetected since medical
checkups are not constant: Complaints and clinical signs do not always appear during the examinations
and symptoms of psychological conditions like depression are assessed based on personal traits. Previous
Cardiolab projects mapped the relation between comorbidity screening variables®”. (Figure 1)



IMPORTANCE OF MOOD AND EMOTIONS

STRESS & DEPRESSION

Clinical and epidemiological research shows the role of psychological and social factors in the pathogenesis

of cardiovascular diseases3®:

Depression, anxiety and stress variables,
as well as personality traits, economic and
societalaspects,arerelatedtotheappearance
and progression of CVD's. Longitudinal
studies show a shared epidemiology and
incremental effect of 80% on patient's
mortality when a major depressive disorder
(MDD) is diagnosed32: 4041,

Within the cardiology field, MDD is an
important co-morbidity since it affects the
development and progression of other CVD's.
However, it is hard to diagnose in individuals
that suffer from cardiac conditions since
symptoms such as fatigue and insomnia
overlap between ailments42.

MDD does not only affect the lifestyle of
patients; it can increase treatment drop out,
appointment avoidance and in many cases
be a causal factor for CVD incidents. The
connection between depression and CVD
is bi-directional: Depression can predispose
patients to develop a CV condition and a CV
diagnosis and symptoms can depress the
mental state of an individual®. (Figure 12)

Post-myocardial infarction depression
is independently associated with cardiac
mortality and in general, it increases the risk
of a poor CVD outcome by a 2.5x factor44
(Figure 13)

There is a correlation between chronic
depression and age, the strongest CVD risk
factor but contextual factors such as income
and social isolation can be related to this
number4s.

On average 1out of 12 individuals reported
being chronically depressed in the EU, being
women the most often affected group*e.

Survival free of cardiac mortality

cumualtive %

Figure 12 Vicious cycle stages of stress and
depression.
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Although there is growing evidence of the connection between depression and CVD, general practitioners
are not prepared to identify mental disorders and even less to treat them (Figure 15): there is a chance of
improvement if mental health is integrated or considered with somatic healthcare®’.

I €38.8 million (€2.35 per capita)

47% - Blood pressure measurements J
26% - Cardiovascular risk profiling

11% - Lifestyle counselling

15% - Preventive cardiovascular medication

Figure 15 Expenditure on cardiovascular primary preventive activities in familiar practice (GP) in the
Netherlands. Lifestyle counselling integrates behavioral change but no MDD detection (2009).

TREND ANALYSIS - SYSTEMIC AND INDIVIDUAL FACTORS

THE PATIENT

Because of the different developments
that end up in a CVD, personal perception and
rationalization of a diagnosis can involve positive
or negative emotions. Situational aspects such as
social isolation, marital status and personality can
also affect prognosis. The relation to death can have
positive connotations when there is a reflection
about survival and an evaluation of the current
stage of the condition*®. At initial stages, people
feel lucky for getting diagnosed before a strong
deterioration occurs and patients in advanced
stages expect to live longer than the realistic
prognosis#®. The survival perception also varies
among individuals, having optimistic or negative
predictions based on experiences and bias.
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DEMOGRAPHICS AND HEALTH LITERACY

Theabilitytoobtainand understandinformation
in order to make appropriate health decisions and
follow treatment instructions is defined as Health
literacy®®. This ability is multi-factorial and needs to
be addressed from different angles and levels.

Demographics are heavily related to health
literacy (Figure 14). Research shows that males with
low skill manual occupations from any age have
three times higher risk of a CVD premature death
related than other professionals®'.

Culture and geographic data are related to risk
as well. These factors affect self-care and treatment
adherence®? and are part of the Framingham risk
classification. In some risk calculator websites,
postal codes are used to determine low-income
individuals and determine risk level53.

Figure 14 Inequalities in risk factors according
to education and income (2014)



ROLE OF THE GP-PHYSICIAN

In the Netherlands, general practitioners act as
the first stage of the healthcare system providing
primary care to simple conditions, referring to
specialists in case of specific symptoms or if
certain tests are needed and patients can contact
emergency staff through a public service number
(Figure 16). This gatekeeping system facilitates
the procedures at further stages by filtering and
referring cases, but causessaturationinearly stages.
Full-time CPs have an average of 2,350 individuals of
allagesregistered to their practice®* and commmonly
perform between 28 and 30 personal consultations
a day. The length of the consultations varies
between 7 and 10 minutes on each appointment5s,
and although assistants perform the measurement
for risk assessment, general practitioners give the
diagnosis and recommendations based on the
institutional guidelines, personal experience and
communication skills.

TRIAGE
ASSISTANT

EMERGENCY CALL CENTRE

Therefore risk assessment can be influenced
by the health provider. Competence of GPs is a
blend of knowledge and personal traits resulted
from training, education and experience. CVD
risk can increase depending on local conditions,
family history, social isolation and a sedentary
lifestyle but these factors are not part of the SCORE
measurements and they depend on the patient-
doctor relation at an individual level.

OTHER HEALTH SPECIALISTS

Once a patient is referred to the health system
different specialists get involved in the care
treatment. Cardiologists, radiologists and nurses
help in recurrent screenings and treatment follow-
ups. In the case of acute events, emergency staff
from ambulances and the intensive care units are
part of the care journey as well.

GP
OUT-OF-HOURS AMBULANCE
FACILITY

MEDICAL MOBILE
TEAM

EMERGENCY WARD
/ HOSPITAL

Figure 16 Flow chart for patient pathways in emergency care.

EHEALTH

Although there is no unique definition¢,
the term eHealth generally refers to the use of
technology in health services and commmerce® and
includes both systems and individual interactions.
Within this umbrella term, the use of Smartphone
technology, wearable sensors and telemonitoring
devices to connect patients and doctors is defined
as mHealth®e.

As the technology supported by mobile devices
and wireless products evolve, the complexity
of medical applications does as well. Complex
sensors and instruments, as well as technology
miniaturization, allow a constant exchange
of medical information, facilitating positive
health behaviours such as health promotion,
treatment adherence and self-management®®.
Communication and information technologies
(ICT's) make possible a new type of interaction
between health providers and consumers where
patients have an active role in their treatments.
The current trend is to include patients in the
management of their disease and to facilitate the
connection with their health-provider network.
The Netherlands government has set a goal for the
year 2019: providing the majority of chronically ill
patients with access to their digital medical records
facilitate online connectivity with their health
providers and provide tools to monitor certain
biological measurements®. These actionsrepresent
improvements for both patients and physicians: By
recording patient actions and biological markers
health professionals can track the development
of diseases, act in a shorter time and even prevent
further diseases. Those are some of the reasons
why global organizations are promoting the
development of health technologies® and why
technologies such as cloud-based databases and
mobile health apps are becoming regular in the
market. Its usage will continue to increase®.

These data-based interventions are also of
interest on an institutional and governmental level
and are needed to sustain initiatives such as the
Universal Health Coverage (UHC)® or to reduce
administrative costs for health providers and
insurers by inputting patient data in a digital record
that is available for the health network.

ELECTRONIC HEALTH/MEDICAL RECORD

A simple explanation of an Electronic health
record (EHR) or Electronic medical record (EMR) is
that it is the digital version of the patient medical
record®. By having this digitalized data health
providers can access information rapidly, observe
previous test results, the evolution of a current
illness and prevent new conditions by mapping
trends (CVD-Continuum). Having an easy-to-access
record is important in the context of healthcare
since patients are not always in a position to recall
all of the information or might even be unconscious.

Another benefit is the collaboration between
regional care providers and institutions,
made possible by the electronic record. In the
Netherlands, disease management programs are
offered by regional care groups while the electronic
medical record systems are predominantly driven
by healthcare professionals®®. Connectivity between
professionals, both local and global, can be achieved
by having the same database availability.

In the case of personal health records (PHR) the
ownership of data is given entirely to the patients®®.
Compared to the EHR, individuals maintain their
own data, decide when and to whom share this
data with. PHR include patient-reported data,
lab results, and data from smart devices such as
connected weight scales or apps in smartphones.
In principle, there should be only one PHR for
each patient, while, in the case of EHR multiple
databases can coexist depending on the provider.

These characteristics help patients become
more active with their own health care and
have a wider amount of information to take
decisions related to prevention and treatment®”.
Nevertheless, increasing connectivity and data may
not always translate into better health. Personality
traits, education and beliefs can affect decisions
regarding the treatment.



IMPLICATIONS

Although the implementation of eHealth
initiatives has a large number of benefits, it is
important to consider the characteristics of an
“analogue to digital” transition.

From a systematic perspective, there is a need
for alignment of governmental initiatives with
the intentions and concerns of the individuals.
Being CVD a global burden, public and private
organizations have developed several tools and
programs to help individuals in the different stages
of a CVD condition.

Because of the difference between regions,
the WHO and other institutions plan strategies
with  considerations on geographical and
demographical differences®® An example is the use
of biomarkers and vital signs to determine the risk
level of individuals: while the categories might be
similar between platforms, the parameters change
between regions and countries®® 7% 7 \When risk
is calculated online this differentiation is not
considered or remains unclear for the user’ 7747
76,77,78, 7980 This means that people can be labelled
with parameters that correspond to another region
or miss elevated single risk factors, leading to
inappropriate labelling and misguidance.

Along these online platforms, several mobile
applications are presented to screen, track and
manage health-related information. According to
a 2017 market analysis, there are 325000 health-
related apps available for the main operating
systems in the market®, and while the majority
of these apps are downloaded less than 5000
times, the offer is expected to continue increasing.
Future predictions also expect a shift in distribution
channels, where insurance companies will promote
and provide these apps rather than caregivers,
hospitals or general app stores.

Other distribution models can be presented
for the adoption of eHealth technologies but they
should be affordable for the consumer and still
guarantee the sustainability of the system?®2,

INSURANCE

Since 2006, all individuals require to have a basic
insurance for general medical expenses under the
health insurance act (Zorgverzekeringswet, Zvw)
in the Netherlands® 8 |Insurance companies work
under a private market model regulated by the
government to ensure quality care and certainty
to healthy, unhealthy and at-risk individuals. The
individuals can change providers every year and
insurance companies are compelled to cover
everybody regardless of their condition.

From the financial perspective, the cost of
insuring high-risk individuals is bigger than the
low-risk sector and providing the same premiums
to all is financially unsustainable. To avoid preferred
risk selection a health insurance fund provides
financial contribution based on profiling and a risk
adjustment plan. This fund is sustained by different
providers and not directly from insured individuals
(Figure 17).

The Health Insurance Board (CVZ) is responsible
to regulate the activities of insurance companies as
well as adjust and calculate the health insurance
fund. The adjustment of the risk plan is based on
values such as age, gender, medication, income,
disabilities, among others.

An example of risk adjustment can be seen
when comparing 2 patients with different situations
under the same insurance provider®. Overall,
this model translates into a secure market for the
patient to perform health assessments without the
risk of increasing premiums. It also involves several
stakeholders that have an interest in the labelling
of individuals to adjust financial funds and future
policymaking.

Figure 17 Simplified depiction of financial flows under the Health Insurance Act (Zvw)
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SECURITY AND PRIVACY

Personal data is a major concern for several
institutions and individuals, being a discussion
topic in recent years and has led to changes in the
way data management®. Since 2018 companies
that collect, store or process large amounts
of information are legally obliged to be more
transparent about their practices to their users.
The discussion, however, has raised awareness and
concern about the importance of data security.
Nevertheless, the use of personal data in the health
sector is seen as acceptable for the majority of
individuals according to the Office of the National
Coordinator for Health Information Technology
in the U.S® People are more open to share their
personal information if the objective is to prevent
diseases or improve health, having 7 out of 10 open
to exchange data through their electronic health
record.

rated premium N HEALTH INSURER
4

h 4

HEALTH PROVIDERS

From the individual perspective, presenting
health applications with a consumer strategy
can lead to misunderstanding or incorrect
management depending on personal traits. People
can become overwhelmed by negative screening
results or overconfident and challenged, accepting
more risks in the process®e.

Bringing healthcare outside the walls of clinics
and hospitals also has negative effects. Most of
the patients are not experts in medical fields and
their involvement in management can produce
emotional distress®.



This lack of knowledge can also affect simple
procedures in general. Home-screening devices
may need previous training that CVD patients
might be willing to follow because of their condition
but will not have the same effect on a prevention
stage.

While physicians might want a certain amount
of data in order to provide good healthcare,
patients that reach health providers want to obtain
a positive feedback about their health. From their
point of view, apps are a tool to obtain health and
not healthcare. They will hardly want to interact
with several devices at the same time. Also,
physicians will not handle the increasing amount
of data generated by those devices.

HEALTHCARE CONSUMPTION

Both prevention and treatment can be divided
into different stages depending on the stakeholders
(Figure 18) involved and the needs of patients,
such as acute events, interventions, rehabilitation
and palliative care. The patient decides over the
treatment direction and the healthcare network
act as consultants giving strong advice on what to
do.

After a CVD diagnosis, individuals are referred to
specialists to evaluate their condition and develop
a treatment plan. When further tests are needed
GP's can refer to facilities that are more specialized
as well. If the user is not diagnosed but wants to
follow further studies the costs are not covered by
the insurance (“Eigen risico” excess fee principle).

GOVERNMENT

INSURER

GP ASSISTANT /
PRACTICE NURSE

GENERAL

PRACTITIONER

NO REFERRAL NEEDED

CARE PROVIDERS

Figure 18 Healthcare systemic structure.
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Figure 19 Frequency of primary preventive activities in family practice per week (2009)
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In the case there is no CVD diagnosis but there
are indications of potential risk, the GP has the
capability to perform a risk assessment to define
the risk level. If this is not inquired by the physician,
the user can ask for this evaluation. In both cases,
risk labelling depends heavily on the concerns
of both parts. After the user is labelled as a high-
risk individual, he is entitled to get advice and
treatment from multiple specialized providers
under a different type of insurance (“Ketenzorg”)
that does not affect insurance premiums.

In the Netherlands, risk labelling occurs mainly
in the general practitioner’s office by either the GP,
the assistant or practise nurse (Figure 19). The GP
can recommend other health promotion programs
and specialists such as smoking cessation,
nutritionists or specialists. The guidance of these
programs is independent and can be contacted
through channels outside the GP’'s office. In
the case of smoking cessation the assistance or
support, nicotine replacement therapies or other
medication are reimbursed by the insurance®.
Other lifestyle guidance professionals are expected
to be included in the basic insurance cover by
20} 991, 92, 93A

BLOOD PRESSURE ~ BLOOD TEST LIFESTYLE
MEASUREMENT ~ RELATED ACTIVITY ~ COUNSELLING

While CV conditions are diagnosed during
a consultation or an acute event, risk labelling
dependsonpersonalvariablessuchasGP'sexpertise
or patient's concern and can even be affected by
social aspects and personality. Treatment can be
affected by both biological readings and personal
traits as well. Medication is recommended in cases
with high levels of low-density lipoproteins (LDL),
high systolic blood pressure, high creatinine and
fasting glucose. Medication therapies are also
recommended if there is a chronic condition such
as AF or diabetes. Since in some of these cases, high
levels do not define an illness, medication is only
a recommendation and individuals can choose
to avoid it. Risk programs are recommendations
and guidance to avoid an acute event or the
progression of a condition given to seemingly
healthy individuals. The lack of a condition and
symptoms make adherence to the program greatly
dependant on the self-capabilities and motivation
of the individuals at risk.



DEFINE

RESEARCH APPROACH
FROM GENERAL TO PARTICULAR

Because of the size and complexity of the problem, it was decided to start a research from a systemic
to an individual level. The previous phase provided information from a macro point of view. The goal of this
stage is to determine the parameters where a design intervention would be more effective and provide more

benefits to the users and stakeholders. The outcome of this stage is a defined design goal.

Being CVD's a global burden there are several initiatives to treat and prevent these conditions, involving
different platforms and stakeholders in different stages. To understand the local context 4 different
approaches were followed:

User journey
Personas

Online questionnaires

Interviews




USER JOURNEY

A first visualization of the patient experience was developed as a research tool to facilitate further co-
creation stages considering the literature review. This visual tool was in constant evolution throughout the

project and the final version can be later in the project. (Figure 20)

It was observed that individuals need to follow considerable lifestyle changes in the most advanced stages

of the CVD's and are confronted with different types of limitations such as dietary changes,

dependence on

others and in some cases disability or life-threatening surgery decisions. The need to involve more health

providers in further stages also increments the burden and complexity of treatments.

Figure 20 Simplified user journey for co-creation stages.
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Figure 21 Examples of personas based on online publications. Each character was compared with
previous typology model.

PERSONAS - USER CENTRED APPROACH

JACQUELINE DAYENNE

Although technological developments are 60YEARS OLD 33YEARS OLD
constantly changing the way healthcare is

delivered to patients, the first step of this phase was “I would like to help

“‘Now | enjoy every
moment and | am
very grateful”

to understand the intrinsic characteristics of the
patient and the relationship with their own health.
Considering the relation between psychological
and emotional factors and CVD prognosis and

children with a
heart condition”

development, qualitative data was gathered from Jaqueline was informed about a leak in heart when she She was born with a “single vault” heart. Because of this

the potential user perspective. was pregnant. It gave her headeaches and high blood she needs to monitor herself constantly. Although she

pressure but it was acceptable. 10 years after she went needed to learn this as a child, symptoms come as a

) ) ) into surgery but had to return within a week for another surprise (even now). She wanted to be as any other child

Patient stories where consuited from online one. Her family convinced her to go through it because she but couldn’t, that is why she tries to help other children
sources such as social media, blogs and public was scared. with heart conditions.

interviews shared on institutional websites? 9
24 were used to create personas, pointing out
demographic data, relevant quotes, emotion-
related outcomes and a summary of their patient
journey. This gave a meaningful first overview of

the perspective of real patients and the process
they had to go through. These sets were later cross- CONTROL FAMILY MELANCHOLY EMPATHY
referenced with an interpersonal communication

model to find major links and differences.

On a first analysis, the main insight was that PAUL MRS. OOSTERWIJK
people react differently to a first CVD diagnosis, 95YEARS OLD
regardless if it is made through prevention or 50YEARS OLD

through an acute event. Although the incident

by itself is considered negative and shocking, “l used to be a “l want to relox
self-reflection varies depending on factors such Ferrari and now I'am ond enjoy what |
as psychological traits, capabilities and past more of a Fiat 500, currently have

} ; ) such a classic then."
experiences. Further actions and coping process

change and, as consequence, treatment adherence Mrs. Oosterwijk used to help senior citizens when she was
increases or decreases. He had a busy life (work and travel). Only after the younger therefore she understands some of the upcoming
symptoms became strong he made an appointment with the stages and arranged everything for the moment she
These personas were later compared with a doctor. From that point on he had to make strong changes in passes away. She has no family but a good old friend. She
. ) his life: can’t work more than 2 days in a row and his doesn’t want this friend to be sad after she is gone.
typology modeland assigned a color based on their girlfriend helps him when he gets extremely tired. He feels
characteristics for further co-creation sessions. positive attitude helps.

UNAWARENESS ADAPTATION FRIENDSHIP TRUST



PRESENT DRIVEN (SYMPTOMS)

PASSIVE & EMOTIONAL TENDENCY

Figure 22 Final patient typology model. considering coommunication models, personality types and

drivers.
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COGNITIVE RESPONSE
“| get knowledge from experiences”

Goals based on non-technical references

| want an

advisor
Mutuality

EMOTIONAL RESPONSE:
“I trust my health network”

COGNITIVE RESPONSE
“Being well-prepared makes me safe”

Goals are negotiated

INTERNAL LOCUS OF CONTROL
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PATIENT TYPOLOGY

Keller et al® categorized communication
through a sequence of tasks and objectives that
the physician needs to achieve in order to deliver an
effective care. Their 4E model (Engage / Empathize
/ Educate / Enlist) provides steps that integrate
personal characteristics of the patients to increase
adherence and result in better care. Roter et al%?
categorized patient interactions based on the level
of control physicians had in communication and
the intrinsic values of patients. They summarized
these interactions into 4 types:. Paternalistic,
Consumerism, Default and Mutuality.

Based on these studies and other analysis in the
healthcare context®® 9210 g 2x2 matrix model was
developed to analyze interpersonal interactions.
The variables of the model refer to the patient and
the physician and both change values depending
on the level of involvement and control. The model
considers the way communication is treated, how
goals and expectations are stated and the role of
situational factors and personal values. (Figure 22)

To facilitate the analysis, each section has a
analogy for the physician and/or healthcare provider
role as well as a name for the type of interaction the
patient expects. It was observed that there could
be either a rational or emotional response to a
diagnosis or CVD event in each quadrant; therefore
personal quotes were added to the model based on
those values. (Figure 23)

Role of

physician

‘Quotes’

(Intuition / reason driven)

Treatment goals (Expectation)

Figure 23 Quadrant explanation
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The Oracle

A highly empathic individual that compares
personal contexts with stories from others.
Storytelling-type references that aim for sympathy
are more relevant than raw data. They are aware
they are not perfect and can try to be better
if motivated, focusing on the future benefits.
Communication with this group should avoid
negative or threatening tones that reinforce their
condition. The medical approach can be less formal
and open.

The Guardian

Individuals seeking immediate support and
relief. Compares present developments with past
events, usually resulting in a negative perception.
They look for assurance that they are well, and
avoid confrontation with raw information. Showing
an increasing amount of information can be
overwhelming and make them avoid health-
related providers. This type wants certainty given by
others and avoids changes or surprises. Confidence
isimportant when approaching health information.

The Trainer

Dominant individuals. They generally not
complain and dislike patronizing messages. Prefer
clear and direct information and prefer summmaries
for practicality. They approach health providers to
understand their condition and want immediate
gains for their actions. They will eventually accept
and confront whatever crosses their path. Can be
overconfident.

The Advisor

This type is comfortable talking about their
condition and is a way to learn more about it. Looks
for additional information and triangulates sources.
See themselves as part of the medical team and
their opinion counts as much as the physician.
This group might adapt their care to their routine
and not the other way around. Focus on future
consequences and provide clear guidelines
and information. They might avoid action if the
physician is mistrusted.



Figure 24 Design guidelines resulted from the patient typology model.
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Philips developed a similar profiling method
pbased on psychological and commercial models
such as the Myers-Briggs Type Indicator (MBTI)©
and the Censydiam model@2 This model was
discussed and the insights considered for an
iteration of the first model.

Although profiling models have been highly
discussed regarding their validity in psychology
fields®® and their subjective validation outcome,
the axis and guidelines gave characteristics for
the design concept that would be used in the
developing stage.

The personas created previously were cross-
referenced with the communication model and
theirtypologywasincludedinthecards. Theanalysis
showed that the four types of communication
appear in prevention, chronic and rehabilitation
stages. It also showed that an incident can be
perceived as challenging and trigger a positive
behavioural change or could be overwhelming and
people would tend to avoid medical-related topics.
(Figure 21).

The persona-based methodology provided a set
of manageable data and highlighted differences in
preferences and perception (Figure 24). The sets
were used to share ideas during work sessions to
connect with the mindsets of individuals. During
the ideation process, these personas were used to
filter and categorize products in the market and to
evaluate the possible impact of concepts.

“l thought the symptoms
were a result of a night out”

- Elles, 23 years old. Wonders about
genetic condition for future children.
Determined to live “a good life".

“Spiritually | have not yet recovered”

- Theo, 63 years old. Heart attack and surgery.
MDD as a result of overwhelming social support.

“l just want a label to know
if something is really wrong”

- Margo, 65 years old. Symptoms appear
early but goes to the doctor 20 years later.

“| felt 80 years old
while | was only 50”

- Annemiek, 75 years old. Believed
she was hypochondriac. Was ore
concerned about her family.

“l used to be a Ferrari and
now | am more of a Fiat 500”

- Paul, 50 years old. Had 2 unnoticed heart
attacks. He relies on people close to him.

“l was anry with my body
because it let me down”

- Julia, 35 years old. CV diagnosed
when she was 18 years old .



PROGRESS

MONITORING

ONLINE QUESTIONNAIRES

Online questionnaires were used to explore perception and preferences of visual styles and cues related
to health messages and products. 61 individuals filled out the 2-part questionnaire. On a first section, people
were presented with 5 animated illustrations shifting in levels of abstraction of a heart™* from an anatomical
(real) representation to a recognizable symbol (iconic)(Figure 25). People were asked to select the best fit for
an icon that depicted:

a) Progress in health. (Positive feedback)

b) Monitoring of heart. (Security)

c) Call of attention. (Negative feedback)

While high abstraction levels were generally selected as a positive feedback, people had different
preferences for constant monitoring and motivating trigger (Figure 26).

Figure 25 Animated illustrations with different level of abstraction presented in online questionnaires.
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In the second stage, a randomized group of 10
health-related products was shown in a multiple
choice format. The products were presented with
descriptive information or name to focus on the
perceptual effect of the embodiment. People
chose the products that applied to 5 different areas:
Reliability, easy to use, gives more control to the
patient or user and easy to forget or avoid. (Figure
27)

There was a correlation between avoidance and
patient control as well as the size of the device. No
correlation was found between icon preferences
and product perception.

It was unclear if the effect of the animations or
health literacy affected the results, but a conclusion
was made that a health-related message can be
affected by aesthetic characteristics.

Figure 27 Randomized health-related products and results on perception (61 participants)

Reliable Easy to use

Gives control to
the doctor

4 5

B B 29% B | R
| 2 B | L
| EEE | REED | R I 15%
| REL [ 8% -56% I 11%
B o e oo |
| BE R | 5% . 38%
B oxx P o | e | R
B o s | e - BB
B [ s o2 o
R NI 5% B e

Gives control to Easier to avoid
the patient or forget



INTERVIEWS OUTCOME
CARE PROVIDER ROLE

During unscripted interviews, 3 specialists
shared their opinion on CVD diagnosis, risk
assessment and treatment follow-ups. From these
conversations several points were highlighted:

- SCORE charts and guidelines are clear for
the evaluation of risk factors and results are open
for the physician to interpret the results. When an
individual is between age groups or high individual
value is detected, the physician can choose to use
the guidelines for the next group.

-The perception ofa CVD diagnosisis affected by
personal traits and the communication skills of the
physician. A high-risk result can be overwhelming
and stressful for certain individuals while for others
it can be can a challenge and reason to improve. In
both cases, indications can be followed or avoided.

- It is the role of the physician to evaluate the
best way to approach each individual.

- Physicians are willing to talk and assess
patients about their emotions but they expect
an instigator to start. Patients need to be open to
share their emotions.

- Efficiency is a concern for the GP's.
FROM AN EPIDEMIOLOGIC TO AN USER-CENTRED SYSTEM

Traditional medicine treatment and prevention
is derived from statistical measurements, study
results and an “average patient” definition. This
“‘one-size-fits-all" allows an implementation of
interventions for bigger demographic groups but
fail to apply on an individual level. The distance
between tailored treatments and the stage of a
condition proportionally reduces the impact of
those interventions. While primary prevention
is meant for the general population it doesn’t
consider individual factors that could affect the
CV condition. On the other hand, secondary
prevention involves a patient-tailored treatment
once a condition has been determined and there is
a need for a stronger intervention.

Although focusing on early stages of prevention
would mean the use of bigger resources to filter
a bigger amount of individuals, there have been
initiatives to include individual factors in healthcare
using technology to detect, simulate and adapt
treatments to the individual's need@s driven by
the idea that not every strategy is suitable for each
individual©e,

PRECISION MEDICINE

Differentiating patients to increase the success
rate of interventions is by no means a new method.
The use of biological markers to categorize patients
such as blood types secure treatment efficiency
and safety. However, in recent years there have
been initiatives to integrate individual's differences
to have better health outcomes'™”.

In this initiative, genetic, environmental, and
lifestyle factors are included in the field of medicine
to determine the best path for each patient. Just as
in any other disease, no two CVD patients are alike.
Since the success rates of a prevention program
are related to patient involvement there is a need
to include more individual characteristics in the
strategy.

PRECISION PREVENTION

While precision medicine focuses on delivering
the best intervention to patients, prevention is
still reactive. Precision medicine uses data of
current patients to determine the best prevention
practices™®. Considering the characteristic of CVD
prevention programs of being a longitudinal effort
outside the physician office itisclear that contextual
elements need to be included in the plan. It is
acknowledged that health-related messages
need to be addressed in a certain tone and that
delivering all clinical information to patients can be
overwhelming and give negative outcomes.

PROBLEM DEFINITION

CVD risk labelling is an effective tool to
determine who needs attention and guidance.
However, individuals that are labelled with potential
risk find it difficult to adhere to the program
indications since there are no clear symptoms or
reminders of the possible disease. Lifestyle stress
factors and routines affect adherence since they are
perceived as urgent matters while the CV condition
is inexistent at this stage.

The involvement of health professionals in the
guidance of risk individuals is highly beneficial
and involves lower care costs in the longitudinal
perspective, translating in less future chronic
patients. However, to monitor patients constantly,
caregivers would need to use valuable time and
resources that could be used in other patients.

The use of technology to involve patients in the
management of their disease can be beneficial but
needs to align with the user needs, understanding
and intrinsic motivation.

3

DESIGN BRIEF

The desired design should cover three themes:

1.- The product should give the medical staff
insights from the performance of users outside the
prevention program consultations.

2.- The product should help individuals self-
manage their personal program by providing
information, feedback on actions and by tracking
activity in  an understandable way (literacy
dependant).

3.- The product should be part of the overall
healthcare journey and enhance interactions in
different stages: risk labelling, self-management
and follow-up consultation.

Four types of patients are defined, each with
their own causes for adherence and avoidance.
It is preferred that one product fits each heart
failure patient type and will be able to stimulate
each patient to adhere instead of having different
products for each individual. In addition, the
concept should consider a longitudinal use,
considering that the time between consultations
can be as long as one year.
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DEFINING THE CONCEPT DIRECTION
COVERING THE PREVENTIO

The previous phase constructed an overview of CV conditions and the implications of interventions at
different stages. Considering the data it was decided to focus on a primary prevention stage for 3 main reasons:

- The actions of the user have a strong potential for the future health status while there is still a
possibility to test, iterate and adjust treatment plans without heavily affecting the condition of the patient.

- Behavioural changes and treatment adherence is still within the user capabilities. Most of the time
individuals have no disabilities or strong burdens limiting their performance. The main concern at this stage is
to reduce modifiable risk factors.

- From a systemic point of view, investment at this stage can translate into less chronic care costs, a
more active population and a reduction of the expenses from the health adjustment fund.

LIST OF REQUIREMENTS:

Based on previous stages a set of characteristics were stated:

- The concept should be part of a system that integrates health providers and patients, prioritizing the
interaction and adherence to the program without incrementing the time and effort of the health network.

- Should be part of the risk assessment consultation and help in the classification of high-risk
individuals at a prevention stage.

- Accessibility to information about CVD risks is desirable for the general population to increase health
literacy but the main users should be individuals already labelled with a high CVD risk.

- It should provide information during and after diagnosis in a way that is easy to understand for the
user. Therefore, consideration for different literacy levels must be part of the concept process.

- Motivate individuals into the self-screening process, lifestyle changes and treatment adherence after
the consultation (without the physician being present).




CREATIVE SESSION

While there are institutional guidelines and
recommendations for physicians to share and
guide patients, once they go back to their daily
lifestyles different factors affect their decision
making and adherence. This is a major problem in
both prevention and CV conditions: although there
is a general consensus on what is an unhealthy
behaviour in the general population, some people
tend to keep unhealthy behaviours even after
going through an acute event.

Drivers and triggers were analyzed in different
stages of the journey using the personas created
previously (Figure 28); raising questions about
what would be a good instigator for behaviour
change and a good way to deliver a health-related
message. This analysis also made clear a gap
between the risk-labelling consultation and the
follow-up meeting, where patients are obliged to
adapt their lifestyle to their new condition.

The main motivators in the patient’s stories
were the acute events or the wish to comply with
the indications of the physicians and family.

It became clear that there was a need for
tailored information since individuals had different
backgrounds and perceive risk differently, even
when they had the same condition, motivational
elements or social support. However, more
information was needed.

Figure 28 Creative session - Printed personas
and typology models.

FROM REACTIVE TO PREVENTION CARE

IMPLICATIONS AND POSSIBILITIES

Time investment is the most costly factor in
prevention programs since, in general, patients use
part of their productive time for the consultation
which adds to the caregiver’s practice costs'™®.

Segmentation models can be wrongly
perceived as tailoring mechanisms™ and while
epidemiological data requires this segmentation,
tailoring prevention for individuals requires other
categorization methods.

VALUE OF LONGITUDINAL SCREENING IN SELF-MONITORING

Although goals of prevention programs aim to
reduce CVD risk of individuals through behavioural
change and medication, this project starts from the
premise that these changes occur in a sequential
form, where awareness and motivation start the
cycle. Although in different intensities, being
labelled as high risk is shocking for individuals,
especially when is unexpected but also when
the prognosis was suspected by the patient. This
shock increases the adherence at the initial stages.
People are more inclined to follow the physician’s
indications immediately after the consultation
but this trigger fades out and information can be
forgotten.

Combinations of specific variables detect
health decay or specific diseases and can be
managed in a digital platform; however, the usage
of this platform needs to consider the capabilities
of the user. The needs of patients outside the GP
office call for a new perspective on both care and
design™ that considers both the relation with a
design concept and a medical condition.

SELF-MANAGEMENT & TELE-MONITORING

Digital healthcare and the involvement of
patients and physicians can be observed in a
three-stage circular model. In it, activities can be
described as an analogy for reason and action. The
way we receive and perceive information gives
us guidelines to act. We process this information
using our knowledge, references and beliefs.

INTERPRETATION OF SELF-CARE

The incremental connectivity of institutions
outside the healthcare system and the national
goal to provide individual control over health data
requires an active involvement of the patient in
their care. This also ensures the prevalence of
treatments and prevention programs. The stages
related to self-care are described with an action
analogy below (Figure 29):

SELF-MANAGEMENT (THINK)

When diagnosed or labelled, individual's
can take an active role in their treatment
planning, implementation and adjustment. The
consideration for symptoms, treatment, physical
and psychosocial consequences to take decisions
is the main goal of self-management™. Self-
management is highly related to health literacy
and personality to translate the given information
and adapt it to the self.

SELF-MAINTENANCE C(ACT)

An important part of self-care is to follow the
actions needed to secure a healthy condition,
including medication intake, exercise and diet.
Changes depend on condition, phase and
recommended treatment. This phase is affected
by the motivation to follow the treatment and
capability.

SELF-MONITORING (OBSERVE)

By constantly measuring and comparing
markerssuch asweight, blood pressure and glucose
the patients have more information to make
adequate decisions. To obtain this information,
patients can use devices and tools. These can be
part of the primary care, rehabilitation, palliative
care or another stage. Because of their complexity,
some devices might require a reference for the
given data or previous training for given values.
Consumer products that do not require the
involvement of the health network such can also
provide information on vital signs and exercise
amount.



Figure 29 Defined stages of self-care.
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MARKET RESEARCH Figure 30 Market analysis of blood
pressure reading devices (top).
In the market, there are several devices with A benchmark analysis was performed to
different prices and characteristics, and their understand the current scenario, technological and -
development is forecasted to reach 222.3 million interaction possibilities (Figure 30). 1 '
shipments in 2021 according to IDC's Worldwide % }
Quarterly Wearable Device Tracker™. Although not The user typology model was used to compare o . )
all products in the market are health-related, most each device and map the characteristics and ) }
of the wearable sensors can provide information features given to the user (. Portability, data Tog _ ‘
relevant to health practices. interpretation and the use of an app to track 8
readings were categorized as elements that gave
WHAT TO MEASURE: control to the user while high costs, the location
of measurement and FDA approval were taken
It is decided to use blood pressure as the as variables for perceived security. The number of
measurable element of the concept since users was only added as a note since it can be tech- Figure 31 Comparison
it is perceived as an excellent biomarker for dependant. Sk]:ep[;osdeg?s koaijsedrzgdel
hypertension and other CVD's™ and is one of the Products %//vpere Ssysigned 3
CVD risk assessment values. Its measurement is 20 devices were mapped in the typology model colour depending on the
non-invasive and provides relevant information and scaled depending on the user cost. It was features that were meant
for the patient, therefore is convenient for primary observed that most of the products are meant Eosretrh(iodt(zgtggorforthe
prevention. for a treatment plan and not for prevention. The ‘
ones that could be used in prevention stages have
Many devices that measure blood pressure can higher costs or require a bigger understanding or
provide feedback on blood rate and other health- health literacy.

related values such as calorie burn, step count,
etc. This is particularly important in the prevention
context since the selected device should not be
limited to the information of a disease.




EMPIRICAL RESEARCH

A longitudinal analysis was made to determine
the characteristics of self-monitoring with a
wearable device (Figure 32), focusing on usability.
The usage was self-reported, focusing mainly in
the usability problems such as legibility, accuracy,
battery life, app information and synchronization
with other devices. This log helped further
decisions and system requirements, considering
the possibilities and limitations of the devices.

LOCATION OF MEASUREMENT

From the market analysis, it was seen that
there are different body locations and methods to
read the blood pressure of a patient such as arm
and wrist cuffs, wrist-wearable and finger clips.
For this project, it is decided to use a non-invasive
ambulatory device that facilitates people into
screening themselves outside the practitioner's
office. Considering the cost-effectiveness and value
of devices, a wrist monitoring device is preferred
over an arm or wrist cuff. Although portability is
inversely related to accuracy™ "6 17 it is desirable
to achieve persistence of use over accuracy in a
prevention. Individual factors that affect adherence
are prioritized in this project since devices are in
constant development and measurement accuracy
increases along technological development.

CONSIDERATIONS ON SELF-SCREENING BLOOD PRESSURE

To determine high blood pressure physicians
compare readings to a standard, where systolic and
diastolic pressure should remain below 120mmHg
and 80mmHg respectively™.

Blood pressure fluctuates around the day,
typically increases when the person is active and
decreases when at rest, but it can be affected
by external factors such as stress, activities and
caffeine or tobacco consumption.

Figure 32 Wrist blood pressure
monitor for longitudinal empirical
test. (Bozlun BI15P fitness tracker
with blood pressure).

WHITE-COAT EFFECT (WCE) AND WHITE

COAT HYPERTENSION (WCHT)

The presence of medical staff and the
healthcare environment can influence blood
pressure measurements. When readings in the
clinical environment are above 140/90 mmHg in at
least 3 occasions but the readings outside is below
that number it is determined that the reading is
related to the healthcare environment: hospital
context or physician presence™.

While this effect is well-known, the only way
to filter out these false negatives is to perform a
reading outside the medical context; most likely
through self-screening.

PSYCHOLOGY PRINCIPLES

When giving patients the control over their
own treatment, personality, fears and bias should
be considered, especially when a product is meant
to be used in different moments over a long period
of time. People can have different reasons to seek a
healthier lifestyle and other priorities might affect
this desire, consequently reducing adherence to
the health plan.

Factors and principles that can affect the
interaction with a self-management design
intervention:

HEDONIC ADAPTATION

People get used to changes in lifestyle over a
period oftime. Thiscan workasa coping mechanism
for diseases but it also can reduce adherence
in a longitudinal intervention. We interact with
something until it becomes predictable or we give
no more value to the output. The initial shock of a
prognosis fades after some time, especially when
is compared with other immediate triggers and
cravings.

BEHAVIOURAL ECONOMICS

The core idea of behavioural economics is that
we are not rational beings and that our behaviour
is affected by emotions, cognitive bias and
environmental factors. This concept antagonizes
the concept of rational economics and describes
the unusual behaviours related, among other
topics, to healthcare and how individuals make
decisions that attempt against their well-being'?°.

HEURISTICS & COGNITIVE BIAS

Heuristics are mental shortcuts that we use
as a way to make decisions without using too
much mental capability. These “rules of thumb”
are not always precise and can lead to bias. More
importantly, not all heuristics are related to the
same domain and some can be contradictory. They
are context-dependent and the characteristics of
triggers can affect them.

Some behavioural principles that are relevant
for this project are listed below:

BEHAVIOURAL ECONOMICS CONCEPTS:

Availability Bias— Giving more importance
to recent or memorable events to take a decision.

Anchoring — Figures presented at initial
stages will affect judgements and decisions.

Decision Paralysis — People select the
easiest option when given several options or even
avoid choosing.

Default Bias - Defaults are a cognitive
shortcut and are perceived as something that has
to be followed.

Implementation Intentions — People are
more likely to comply when they clarify when, how
and where they will.

Disposition Effect - Individuals hold
poor investments for a long time finding it hard to
detach even when there is a clear need to do it.

Ego Depletion - The ability to make good
decisions can be worn out by decision overload and
fatigue.

Endowment Effect - Individuals give
more value to the things they own.

Goal Gradient - When a goal gets closer,
people will work harder to achieve it.

Herding - People tend to follow what
others do.

Hyperbolic Discounting - People put an
unrealistic value to the present and a low one on
the future.



Lack Of Self-Control - Delaying
gratification is extremely difficult. Having the
possibility to satiate a craving or fulfil an immediate
satisfaction is very hard, even when we know it is
not in our best interest.

Loss Aversion - People react to losses
more strongly than to gains. The pain of losing is
greater than the joy of receiving something.

Mental Accounting - People categorize
and spend financial resources differently
depending on where it came from and where it is

going.

Losing Mindset — People tend to be riskier
when having the possibility the possibility of losing
in mind.

What-The-Hell Effect - People give up on
their goal once they've fallen off track.

Omission Bias - People consider harmful
actions as worse than equally harmful inactions
and avoid them.

Opportunity Cost Neglect - People tend
to ignore what they give up when they make
decisions.

Ostrich Effect - People who worried about
falling off track in a program don't want to know
how they're doing and avoid the program overall.

Overconfidence - Individuals believe they
are right and that they have above-average skills.

Pain Of Paying - Some purchases - such
as incremental payments or paying with cash —are
more painful than others, so people will tend to
avoid them.

Payment For Effort - People place a
greater value on services and products if they see
that there is a big amount of effort put into them.

Planning Fallacy - When planning, people
underestimate resources such as time or level of
commitment.

Regret & Counterfactuals - Satisfaction
depends both on actual outcomes and ideas about
what could have happened.

Relativity - People evaluate options by
comparing them to what else is around and their
point of reference.

Reward  Substitution - Immediate
rewards, which appeal to people’s impulsive nature,
can be used to motivate behaviours that are
beneficial in a longitudinal way.

Pre-Commitment - When people actively
commit to a goal from the beginning, they are
more likely to achieve it.

You Are What You Measure - People
repeat behaviours that are rewarded, regardless of
whether those behaviours lead to success.

Optimism Bias - We overestimate the
probability of “things going right for us” and
underestimate the probability of “things going
wrong for us”. This also means overestimating
chances of surviving a negative prognosis or living
long periods of time even when validated models
show otherwise?.

Substitution - It is easier for people to
substitute behaviours than to completely eliminate
them.

Social Proof - People want to be like their
peers and are heavily influenced by what they
perceive everyone else is doing.

Identifiable  Victim Effect - One
identifiable individual described in great detail
evokes deeper emotions and sympathy than a
large group of anonymous individuals.

Friction Costs - People can avoid taking
action when small barriers appear.

Self-Signaling - People behave in ways
that reinforce the type of person they believe
themselves to be even if there is no one else around
to witness the action.

NUDGE THEORY

Leonard et al' explain that although we do
not always make decisions that are immediately
beneficial for us, environments can be designed to
make it more likely for us to act in our best interests.
The way choices are presented affect our decisions
and under that idea, the nudging theory presents
positive reinforcements as a way to motivate an
attitude or action using the behavioural economics
principles.

CONSIDERATION OF COGNITIVE BIAS PRINCIPLES

Just as healthcare research, cognitive bias
and behavioural economics are the result of
generalization and averaged data. Some of them
can be avoided by changing the information
style or the elements to which people interact.
Nevertheless, they provide strategies to motivate
behavioural changes and in this case, adherence to
medical programs in the general population.

BEHAVIOURAL CARDIOLOGY

MDD is not the only psychological factor
involved in CVD progression. Strong adverse
emotions such as stress and hostility are related
to an increased CVD risk and can be a result of
environmental elements. The goal is to integrate
behavioural traits in the analysis of patients to
better address care, under the understanding
that not every individual performs the same and
is affected by the same factors™ This concept is
related to precision medicine, risk management

and behavioural change, as discussed previously'?>
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PICTOGRAM FORMAT

mmmm— Person with disease
that tests positive.

__ Person who is healthy

. — Healthy person
that tests negative.

and still tests positive.

IMPORTANCE OF INTERFACE FOR HEALTH LITERACY

It was discussed that for patients the search for
health information is to ensure their own security
and not to learn about health-related topics.
However, health literacy is important to further
stagesinlifeandthereforerecommendedtoinclude
in the concept development. This information
needs to be presented gradually and adequately for
the target audience (Figure 33). Facts and figures
can have a negative result if wrongly perceived as
an effect of the behavioural economic concepts.
For example, while single event probabilities might
be perceived as a low risk by showing them as a 1%
chance, the same information could be presented
as 1 out of a 100 events, having the final user's
literacy into consideration”.

Figure 33 Example of different visual
representations for one hypothetical condition.

Question: 0.1% of the population has a disease, and a test detects it 99% of
the time but falsely identifies 5% of healthy people as sick. What is the
likelihood of a positive test result being accurate?

SINGLE-EVENT PROBABILITY FORMAT (Bayes' Theorem)

P (disease)= 0.1% prevalence of disease
P (positive test / disease)= 99% true positive rate
P (positive test / no disease)= 5% false positive

. . 0.1% x 99%
P (disease/positive test)= =2%
(0.1% X 99%) + (99.9% X 5%)

NESTED SET FORMAT

. - P (disease AND positive test) 1
P (disease/positive test)= = = = 2%
P (positive test) 50 +1

10000 people

999 of 1000 1 0f 1000
are healthy has the disease

I
50 of 999 949 of 999 1 of 1 accurately
falsely test positive accurately test negative tests positive




HOW DO WE PERCEIVE RISK?

We are uncertain about the future and tend to
rationalize or avoid negative prognosis based on
available information and personal bias. In the case
of tobacco consumption, smokers tend to minimize
or deny self-risk by thinking about the condition
of others. By comparing themselves to others,
individuals set wrong standards for health risk2®
29 self-exempting themselves and consequently
denying their own risk.

Although the goal of the design intervention
is to increase proactive health management with
a health platform, the output should not decrease
the perceptual risk.

CRITICAL POINTS

Although the technology can reduce the gap
between physicians and patients, personal traits
affect the human-computerinteraction (HCl)andin
consequence, the outcome of design interventions.
An immediate feedback of negative prognosis
can result in discouragement or avoidance, while
complex information can be misunderstood or
lead to cognitive biases.

While technology allows more information
being delivered to the patient and the possibility of
self-monitoring, the involvement of nurses and GP
assistants as head of the CVD prevention program
should not be overlooked. In the SPRING trial, 3
different groups were analyzed to determine the
effect of pro-active counselling on self-monitoring.
While there were no between groups with and
without counselling, the involvement of a person
responsible for the prevention program improved
the program results™®.

N

Increasing availability to reach a physician can
affect the relationship in a negative way. Using
constant health reminders might translate into
concerns and more office visits, augmenting the
amount of work of practitioners®. The role of a
system should focus on self-management with
health guidance rather than telemonitoring the
activity of the patient or enable consultations calls.

TAILORING IN THE HEALTHCARE CONTEXT

An important part of tailoring a health-related
system that gives information to the user is to
differentiate which information should be provided
and when. The evolution of sensors and devices
increases the possibility to detect vitals, lifestyle
characteristics and activity. But the ability to track
does not immediately mean that the user needs
or want feedback about it. This project aims for
a tailoring strategy that considers not only the
content of the message but the tone and nudging
elements.

CONTENT AND STYLE TAILORING

Kreuter, et al® defined tailoring as the
combination of strategies and information
intended to reach one specific individual based
on the personal characteristics derived from an
individual assessment.

Medical information can be tailored in content
and style. Changing the content of a message
is dependent on the stage of a disease. Patients
receive different information to support difficult
decisions or prevent deterioration. In general,
messages for people learning about a disease for
the first time will have different content than the
ones aiming at chronic patients.

Style tailoring refers to the adaptation of
the same information for the different types of
individuals. A simplistic example would be the
phrase “An apple a day keeps the doctor away”
working for prevention-oriented individuals while
the advice “improve your health by eating fruits
daily” works for promotion-oriented ones. While
the content remains the same, the style aims to
address personal beliefs and goals.

Personalization is defined as the ability to
decide the characteristics and embodiment of
products and services. These characteristics can be
changed by the end- users, stakeholders or even
by the product itself. Self-adaptation as a result of
interaction or “Use-dependent adaptation™3 can
result in an adequate motivation by balancing
challenging messages and support information
but depends on a constant interaction with the
product.

DESIGNING WITH DATA / DESIGNING FOR DATA

Data gathering systems use parameters to
obtain and compare input. In the case of an
adaptation based on interaction, the tailoring
effect should maintain these receivers to have a
comparison.

DATA GRANULARITY

Having a constant input of data that is
contrasted with a second dimension such as mood
or filtered by questionnaires filled by the user can
provide deeper insights regarding the efficiency of
the program.

By knowing more about the patient's
perspective, physicians can give a more tailored
advice in a follow-up appointment, addressing
specific concerns or drop out moments of the
patient.

Having this added interaction with the CV-
related data also enables a proactive behaviour
inside and outside the consultation, increasing the
control and self-efficacy of patients, as long as it is
fitted to the specific concerns of the individual as
previously discussed.

PROACTIVE BEHAVIOUR
PROACTIVE PRIMARY PREVENTION

One of the most complex goals of prevention
is to proactively engage individuals into becoming
self-conscious. Ingeneral, people know that they will
age and are aware of the age-related constraints,
but hardly see themselves as sick individuals
when they are healthy. “We underestimate future
changes in the present, although we are aware of
how much we changed from our past selves.” 34



INSIGHTS & IDEATION

The developing phase started with a list of insights that summarized the previous stages:

INSIGHTS:

- Social pressure is a strong motivator for some people and is not always perceived by the user.

- Elevated risk is not a disease; therefore, there are no symptoms.

- At the moment CVD risk guidance depends on the physician.

-Whatis currently shared in the consultation depends on the commmunication skills of patients and doctors.
- Behavioural changes should be gradually implemented.

- People need different levels of information and control.

- Excitement and interest fade over time (Hedonic adaptation).

- A service app constrained in a mobile phone might be easy to avoid for individuals with a high locus of

DEVELOP .
- Risk factors and prevention programs change among individuals.

- People can enjoy “negative” emotions as long as they are secure.
- Perception of health-related terms and graphics can be stressful.

- A constant reminder becomes predictable and boring. This can decrease the sense of importance
towards a situation.

- External devices are perceived as more “professional” than mobile apps and make them harder to avoid.
- Multiple individuals react differently to the same trigger based on their personality.
- Itis hard to pro-actively think about our future situation as a patient when we are healthy.

- There is a time limitation during consultations at the general practitioner's office even when there are
assistants and nurses.

- Citizens are obliged by law to be registered with a family physician that works as a gatekeeper of the
healthcare system. The aim of this gatekeeping ihas to do with efficiency by avoiding unnecessary specialist
treatment® while the aim of patient registration is to enhance continuity of care.

These perspectivesare added to the developing phase, considering the interest of both parties. Government

and health-related institutions are part of this phase as well for feasibility.




HOW TO SPOT DEPRESSION AND STRESS?

As many comorbidities, it is difficult to determine a patient's depression from a single reading. Contrary to
popular belief, depression is not translated uniquely into sad emotions. It has to do with lack of interest and
can affect people's abilities and performance at work or home. To spot depression in a single consultation is
especially difficult if there is no long relation between physician and user. While triggers for sadness can be
spotted and described by the user, depression is hard to explain and needs a professional assessment.

Users can self-assess through psychiatric measuring instruments3e187.138,139,140 that can be integrated into a
digital system. Suggested open-ended questions to screen psychosocial risk factors are':

1) How would you describe your energy level?
2) How have you been sleeping?
3) How was your mood been recently?

4)  What kind of pressure have you been under at work or at home?

5) What do you do to unwind after work or at the end of the day and do you have difficulty unwinding?
6) Who do you turn to for support?

7) Are there any personal issues that we have not covered that you would like to share with me?

8) Have you felt so sad, discouraged, or hopeless that you wondered if anything was worthwhile?

By tracking the amount of activity of individuals, the platform can determine when to deliver these

questionnaires and possibly discard false positives by filtering with randomized confirmations; users could
determine if the lack of improvement is related to intrinsic or extrinsic factors.
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CONCEPTUALIZATION

Considering the different factors involved in self-care, several ideas and directions were explored, focusing
on the user interactions with their treatment. Two main directions were explored:

Individual Traits - Communication skills, health literacy and personal preferences.

Since personal characteristics such as commmunication skills, literacy preferences affect the adherence, the

developed concepts consider an open-ended approach where the interfaces adapt to these characteristics.

Emotional Response — Different reaction to similar triggers among individuals.

The effect of triggers in cognitive decisions is very important in a longitudinal approach. The lack of
symptoms makes it difficult to adhere to a medical program. The data given to the user should not only be
understood by different literacy levels but enhance interaction and motivate actions towards well-being.

These factors were combined into 3 concepts:

CONCEPT 1: COMMUNICATION PLATFORM

Digital tool for co-planning treatments, give
prognosis and set future actions.

Using a communication app, people can be
guided during the first screening and diagnosis
consultation. The app provides information on
exercises and treatment plans that the user can
select depending on personal preferences and
needs. By selecting and discussing actions the
user will perceive more control over the treatment,
commit at the beginning of it and plan lifestyle
adjustments gradually.

CONCEPT 2: STORY-DRIVEN SYSTEM

Cross-platform motivation (game).

The concept uses a pay-to-win model but
instead of making a money transaction the
platform asks to manage and check risk factors.
Through different actions, the user will be able to
explore characteristics of the game such as levels
and hidden plots.

Although anybody could use the app, checking
biomarkers and exercising users can get to higher
levels more quickly and enhance the experience.
Triggers in the app would be both intrinsic and
extrinsic. The story must convey interest through
interaction and different plot directions.



CONCEPT 3: RISK FACTORS ANALOGY

Extension of the initial negative trigger

A visual analogy of a heart disease. The user starts from an idea of “cleaning” rather than “avoiding” a
condition. People are motivated to act when they are screened and are told that they are at risk, but over time

and since there are no symptoms or sickness (reminders) the motivation fades out.

This concept aims to an abstraction and visualization of the patient’'s heart while keeping control over it.

There would be a screening app, this element focuses on the initial interaction.

The concepts were evaluated based
on the possible effect on the prevention
program, the implementation needs,
possible benefits and pitfalls. A fourth
iteration was developed, merging the
possitive features of the first ideas.

A fifth iteration was developed
consideringtheanalysisofthefourconcepts,
and integrating it in the longitudinal care
starting from the labelling consultation.

This new iteration integrated a reward
system and an easy to find measuring
device in public locations while the other
made the readings at home.

These concepts were presented to the public
to get feedback. In general, people were in favour
of receiving a device and use a reward system, but
wouldn't be enough to perform readings in public

orat home. Even ifit is for prevention, these devices
are perceived as products for the unhealthy and
monitoring devices are linked to ill individuals
unlessthey are meant for exercise, such as wearable
devices.



Figure 34 Final user journey with integration of government databases and prevention campaign.

REFINEMENT

It was decided to merge elements of the
different concepts into one single service, adapting
it to the current scenario and healthcare journey.

Afinal storyboard shows the desired interaction
flow and consideration for the involvement of
multiple stakeholders in different stages. Because
ofthe time frame of the project, the focus remained
on the mobile app and wearable technology,
under the assumption that developments in
technology will increase accuracy. The integration
of other stakeholders and campaigns is part of the
recommendations of this project. The final concept
isanalyzedin a 360° lens for future implementation:

IS IT DESIRABLE?

It is clear that the integration of a self-
management tool aiming to self-manage non-
communicable diseases is desirable for the
different stakeholders involved with the CVD
prevention program. It would provide caregivers
with more complete information of the user and
insights to give advice on following appointments.
By monitoring the health and activity of individuals,
false positives can be discarded and comorbidities
like depression can be detected.

The main goal of the intervention is to motivate
people to follow their program while making
CVD risk understandable to increase adherence.
Different intrinsic drivers affect the choices and
motivation of users. The concept considers these
changes and adapts to it.

IS IT VIABLE?

From an economic perspective, filtering and
detecting a wider population section would
translate into less acute events and chronic
patients in the future. The current limitations are
the limited resources from the health system such
as time and professionals in the GP frontline. This
project takes into account the need to facilitate log
information and connecting this log to a database
without increasing costs. That is why it is connected
to the currentinfrastructure and health flows of the
Dutch healthcare system.

IS IT FEASIBLE?

Since the accuracy of ambulatory devices is
expected to improve in the following years, it was
decided to focus on the interactive application
rather than on a wearable device. An ambulatory
sensor is still part of the overall concept since it is
needed to track the activity and measure specific
CV-related data.

Other factors of the project such as a digital
identification number or an electronic record
database are already implemented or will be in
following years. The main design is a digital app
that tracks the activity of the user and adapts based
on interaction.



BENCHMARK — MOBILE APPS

A market study was performed to see the
possibilities of a mobile app in the management
of risk factors and behavioural change. Special
attention was put to e-health apps. No personal
application was found with characteristics similar
to the current design direction in the market.

Medisafe'?

A mobile application that tracks medication
intake. It integrates the actions to the patient's
medical report; this can be shared with the
physicians, caregivers and family members. It syncs
with other health apps and devices to track and
give feedback on temperature, heart rate, weight,
pulse, etc. It also integrates options to update family
members and receive discounts for medications.

Wellth'4®

A behavioural economics-based app that gives
user financial incentives for medication intake to
avoid re-admissions to the hospital for patients
with CVD'’s, diabetes, COPD or asthma. Users get
an initial credit and their balance is reduced if they
don't perform the stages of self-management
related to their treatment. Users get reminders to
use a connected device to weight themselves and
take pictures of their medication before taking it. If
they adhere to the program for 90 days they obtain
150 dollars.

Gratitude App'#

A journal-type app that gives users the
possibility to write a positive reflection daily. Users
can and add pictures to each entry. A monthly
overview shows all of the moments together. The
idea behind is to encourage people to come up
with positive reflections and maintain emotional
strength. Announced updates include social
interactions and the possibility to export diaries
outside the app.

ThinkUp App™>

Enables a positive mindset by recording the
user own voice reading affirmations related to
topics such as health, success, happiness, etc.

Once recorded, the affirmations are played over
a musical background when the user chooses to.
The affirmations can be changed daily and the
database is increasing constantly.

The fabulous App™®

Motivation app based on behavioural
economics to change and adopt new habits. Users
select their “journey” (4-week program) from a
possibility of goals such as reduce weight, sleep
better or feel more energized. The set up of the
goals use behavioural economic principles such as
anchoring to reduce the perception of barriers and
increase the effect of benefits and rewards.

It was observed that medical-based apps focus on specific illnesses or actions while motivational apps
include more general goals. Considering that CVD’s are multi-factorial and comorbidities influence in the
development of them, it is desirable to integrate different measurements, sensors and guidelines in a single
platform to better track performance and the possible appearance of comorbidities, but also consider that
providing this information to users might negatively affect their performance.

This presents a different set of requirements when planning an intervention in prevention stages. It is
desirable to give autonomy and control to the user over the prevention program, but this should not affect
adherence by making the conditions less critical. The product should integrate intrinsic motivators so the
users act depending on their individual qualities and preferences. This considerations were part of the testing
phase for the concept direction.



CONCEPT DIRECTION TESTING

RESEARCH QUESTIONS:

Which features enhance self-management of a CVD prevention program in a digital app?

Do personality traits affect interaction with the features of a self-management digital system? Which
tailoring strategy (personalization or self-adaptation) results in greater self-predicted adherence?

Figure 35 Concept features of a digital app

focusing on the 4 different types of user:
A. - Guardian B.- Trainer C.- Advisor D.- Oracle

Figure 36 Similar screens with different
content, focusing on control (user or system).

ONLINE QUESTIONNAIRE

Individuals were asked to perform a self-
assessment on personality and indicate their
preferences over a digital application. The
personality test was mainly to determine if there
was a relation between the values of extroversion/
introversion paired with the preferences for a
behaviour change program.

After  completing the  self-assessment'¥?
participants were presented with different
strategies to adopt a habit. A set of questions
presented different tools of a possible app to adopt
a healthy diet. The first set (Figure 35) presented
unique strategies like a future body simulator, a
“doctor approved” meal, and dishes recormmended
by similar users and a calorie reward system.

The second set (Figure 36) presented a
combination of strategies highlighting intrinsicand
extrinsic factors. In a first screen, individuals were
given more information on the calories consumed,
translating it to an amount of exercise needed to
burn them. On the other screen, less challenging
information was given and a supportive quote from
a peer was given priority.

Figure 37 Comparison of Myers Briggs model
with the one genereted in this project, highliting
similar axis (Locus of control and cognitive
response).

ENFP

INFJ INFP

ISFJ ISFP ESFP

ENTP

ESTP

. GUARDIAN . ORACLE . TRAINER . ADVISOR

No strong relation was found between
the personality type given with the Myers-
Briggs scale and the preference for a specific
strategy when comparing the results with
the typology model of this project (Figure
37). Some individuals with an extrovert result
preferred individual challenging strategies.
On the other hand, people in the introversion
area could be open to share their goals with
others. All features were selected at least
once control preferences were balanced
among the 17 participants.

Figure 38 Results from online questionnaire.

When do you look for medical advice?

When symptoms stay for
long periods of time 35.3%
When symptoms appear . 29.4%
When I'm aware of a risk 0%
When I'm uncertain about 0%
my health
Other 0%

Preference on specific feature

Health progress
simulator (ADVISOR) - 52.9%
Activity / point o
comparison (TRAINER) . 17.6%
Reviews from o
others (ORACLE) . 17.6%
Recommendations 5 0%
from doctor (GUARDIAN) 770

Preference on control

| decide the 9
best option 56.4%
The system gives 35.3%
. (e}

the best option

Locus of control

Plan by myself 52.9%

Sharing goals with others 41.2%
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TEST SETUP

In the current direction, the digital system
helps the physician in the moment of delivering
assessment results by providing information on
modifiable risk behaviours. Also, the initial shock of
risk labelling is used as a trigger for the adaptation
of the application. Because of this, the test included
contextual elements outside the digital interface to
emulate a risk labelling appointment and initial
guidance (Figure 39).

3 participants below 30 years old were invited
to a role-played test. They were informed about
the objective of the test and clearly informed that
no information or measurement form the test had
clinical validity and that the test was mainly to see
which elements of the system would have a better
chance of changing or adopting new behaviours.

Figure 39 Blood pressure reading during the
role-play tests

APP MOCK-UP

A first interface was created using a sprint
method to spot critical points of usage and
information given. A prototype was built by wire-
framing the complete app, following the user
flow and spotting the critical touch points. The
prototype integrated the main points of interaction
that the platform should cover including risk
management, notifications and instructions from
the caregiver. Although it was a rough prototype
with no animation and some non-active buttons,
it gave the information needed to simulate a
prevention program (Figure 40).

Individuals were invited to participate in
a role-playing session. A GP consultation was
simulated including measuring devices and risk
assessment information pamphlets. None of the
participants was in the parameters of the SCORE
assessment (40 years old) as a way to ensure
that no misguidance was given. They were also
informed about the purpose of the test, the
limitations of the information given and explained
that any information that was given was not to be
considered as medical advice and is not intended
to replace a consultation with a qualified medical
professional.

TEST RESULTS

In prevention stages, individuals seek advice
when there is a level of uncertainty. People
usually overvalue their own knowledge to
determine what is healthy and what affects their
body. Some people place their knowledge above
the physician’'s and want more control over the
medical intervention. This was expected when
defining personality types, however, certain
characteristics had less impact than expected,
such as physician recommmendation.

In general, people have previous experience
related to the adoption of new behaviours or
avoidance of unhealthy ones. However, they
expressed failure in some of these experiences,
making it uncomfortable to talk about it for
some. A defining outcome was that individuals
can be categorized in certain personality types
but when confronted with health-related topics
the typology is not always precise. Individuals
in the external locus of control area can prefer
individual strategies and strongly individualistic
people can prefer group activities as a way to
adhere to a goal. In the role-play interviews, one
of the participants was certain that integrating
his children in activities would motivate him to do
exercise, but he wanted to maintain control over
how and when to do it.

A participant that already used an app to track
exercise expressed that he would find it hard to
use two apps. He would use the new system if he
could integrate his history and achievements.

From the tested mock-up the physician
representation was the least popular choice
when assigning interface elements. People
expressed that they don't want to be monitored
or observed constantly. They would like to have
the possibility to ask or reach health providers
but only if they needed it. From the 17 responses
of the online questionnaire, only one preferred
the physician's approval as an active way to
take a decision on a diet. The most popular
feature was the simulator to see the effect of
calorie-consumption on your body. Both social
challenges and recommendations were the
second preference.

Figure 40 Test with interactive prototype with
different health-related screens and features.

TEST CONCLUSIONS

It is hard to determine which elements would
have the most impact for all individuals since they
expressed different desires and lifestyles. Adding
to this, everybody has a different prognosis, risk
behaviours and context. Nevertheless, they were
interested in registering for a program to reduce
their risk since the information was recent and
shocking. Currently, this is dependent on the
communication abilities of the physician and
can be beneficial to have a tool to highlight the
importance of registering into the prevention
program.

Participants preferred different strategies to
change their behaviour: social triggers such as
family support or responsibility with others worked
for some, while the idea of avoiding an unhealthy
future predicted more adherence for others. People
also expressed interest in the wearable device and
saw it as a positive nudging element.



FINAL DESIGN

LIST OF REQUIREMENTS:

Provide tailored information about CVD considering psychological traits and literacy.

2. Engage the user to actively manage their risk factors and maintain positive numbers towards a
follow-up appointment.

Connect with the health network through the digital health record.
Multi-factorial tracking in a single application.

Maintain treatment adherence through different motivation strategies.

6. Give an immediate feedback on actions perform by the user and allow connectivity with devices that
are part of the prevention program such as scales, blood pressure monitors or cholesterol.

Actively adapt to the input of the user and give an adequate guidance depending on the interaction.

Enable connectivity with other smart devices to enhance risk management.




THE PREVENTION PROGRAM CYCLE

The final system is meant to be used in 3 main
stages of the prevention program cycle:

1. CONSULTATIONS (GP'S OFFICE)

The system works as a tool during the risk
assessment and follow-up appointments. In this
stage, it synchronizes the ambulatory device
(wearable) and application with the physician
database. The care provider starts the cycle by
entering information of the patient such as height,
weight, cholesterol ratio and blood pressure. The
system then determines the risk value using
the SCORE charts. The physician can override
the labelling if needed. Other notes can be
added such as family history, comorbidities and
recommendations for the prevention plan.

Figure 41 Software for the health provider.
Information on relevant risks is shown to help with
prognosis explanation.

The system will provide information about risk
factors that currently affect or are potential dangers
for individuals. This data will be shown visually on
an online platform that can be accessed during
and after the consultation (Figure 41). This way,
individuals can check the information after they
leave the GP's office since there is a short period
of time to provide in-depth information. In case
they decide not to register during the initial risk
detection, the information platform can provide a
further motivation to enrol.

2.-  SETTING UP THE PREVENTION PROGRAM

Although the objective of reducing CV event
risk is clear, the steps and strategies to achieve
this depend heavily on the patient motivation,
understanding and adherence. Therefore, at the
beginning of the program, the application has a
setup stage that the user can fill out to determine
preferences and nudging elements (user-
dependent adaptation).

By setting personal preferences and previous
experiences, the system can start determining
which elements should be prioritized and the
generaltone of the system, shifting from supportive
to challenging. This stage addresses each
modifiable risk individually since people have their
own set and experiences in changing behaviour.
By setting this data at an initial stage, the system
takes advantage of the initial motivation resulted
from the labelling appointment.

3.- MAINTENANCE AND ADAPTATION

It is highly possible that in a long period of
time the motivation and initial shock decreases.
Also, individuals can shift from preferences after
trying them and other priorities might seem
more important in certain moments. In addition,
depression and stress can decrease adherence to
the program overall. Because of this, the application
consists of different sections that change
depending on the user's constant interaction
(self-adaptation). The differences are based on the
previous 4 quadrant matrix that defined the user
typology. The system can send reminders with
paternalistic or challenging tones depending on
the type of user (Figure 42).

~
~

Figure 42 Risk factor reminder with life
expectancy message.
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VISUAL ELEMENTS

Apart from the interaction sequence, having a suitable graphic style for different types of users had a
high level of importance. The system needed a balance between supportive and challenging outputs, as well
as institutionalized and friendly approach. A high-contrast palette is used to improve readability, switching
clear and dark backgrounds. A dark blue tone is used in the background of nudging elements such as risk
information and a profile overview. In the management dashboard, the background is lighter. In both cases,
the highlights are in red and pink hues to contrast the blue colours. The goal is to give a non-clinical perception
without reducing seriousness.



USER INTERFACE DESIGN
FIRST SCREENS

Once the user downloads the application, he is
askedtoenterwith acode provided by the physician.
This ensures that only evaluated individuals use
the system and that biological measurements
are already in the system. The following screens
ask for a self-assessment on behavioural change
strategies and experience for each individual risk
factor (Figure 43).

People are asked to include their preferences
for recommendations and support network
including family members, health professionals or
third person references. The system does not need
an active involvement of third parties, but this
selection gives information on the personality type.
By changing these preferences the system is able
to suggest suitable goals that include, for example,
activities with family members or ranked progress
records with similar users. People can choose
different parameters for every single risk factor
(Figure 44) or skip the personalization phase and
go directly to the next screen.

In the second personalization stage (Figure
45), the users change their personal avatar and
write a personal commitment with the intention
of motivating adherence in the future. This is
based on the behavioural economic principles and
answers from interviews and questionnaires. This
text will be visible in the main dashboard (context-
relate section) and can be set as wallpaper or lock
screen.

This stage works as a pre-commitment phase
and uses the initial motivation to increase the
effect of reminders and increase adherence in
further activities.

Figure 43 Initial self-assessment cards to
determine personality type tendency.

Figure 44 Individual assessment for each risk factor that relates to the user.

Figure 45 Personalization of nudging elements and reminders.



INTERACTION SEQUENCE (WIREFRAMING)

The major challenge of the digital system is to
determine the best way to deliver information and
guidance. Research showed that an increasing
amount of information can be overwhelming and
result in avoidance of the treatment, but having
enough data to make decisions is important
for certain type of individuals. Although it is an
ambiguous limitation, it is important that people
do not receive constant challenging feedback when
they look for support or perceive a patronizing tone
when they have a strong internal locus of control.

The solution is to adapt the complexity and
tone of the information based on the number of
interactions with specific areas; going from general
to particular. The system, therefore, benefits
from a constant activity input and data from the
user to provide adequate information and make
adjustments in a longitudinal usage.

MAIN DASHBOARD

In an initial state, the user receives a pop-up
window after login in. In here, the text highlights
the current state: normal when the user is adhering
to the program and critical when immediate action
is needed. Depending on further interaction this
pop-up window can show more critical and direct
information or abstract and supportive messages.

After this window is closed, the user arrives
at the main dashboard overview. This screen is
divided into two main sections, one for a detailed
management of risk factor values and another
one for a more abstract and narrative. Depending
on the number of interactions with each part the
system can adapt and provide different triggers
and recommendations.

N

Figure 46 \Welcoming message. The tone of

the message will change depending on the user
longitudinal input.

SECTIONS
CONTEXT RELATED SECTION

On the top of the dashboard screen, a
personalized avatar and progress bar shows
an animation meant to encourage action
in a non-threatening tone using game-
like indicators and interactive graphics
including an animated avatar that emulates
the user. By entering this section the user
arrives at a screen with a set of progressive
levels. Since we perceive our environments
and events from a first-person perspective,
the levels are named chapters as an analogy
of one's own story and each chapter is
“written” through actions and goals. Within
each chapter, there are several activities
and goals that the user needs to achieve to
move to the next level and a short story-like
text meant to give support and motivation.

HEALTH-RELATED SECTION

In the lower part, users receive general
notifications and individual summaries
of each applicable risk factor to enhance
quick management. The system highlights
numbers that should be modified and
references to understand this data. The style
is highly symbolic and meant to be easy to
read for different literacy levels.

When a tab is selected, a drop-down
screen shows more detailed information
about the progress, graphics and
recommendations. The user can interact
with some of the subsections, registering
information such as alcohol or tobacco
consumption. If needed, these counting
tabs can be added to the main dashboard
for fast-access. At the end of this screen, a
final button sends to another screen with
information about the risk factor that affects
the data section and information related to
life-expectancy. By filtering the appearance
of this information, the system ensures that
it remains relevant and that the user does
not get numb by death-related information.

Figure 47 Main dashboard.



Figure 48 Context related section: Users manage their program with highlights on abstract progress and Figure 49 Health-related section. Users manage their program with highlights on medical information
possible gains. The immediate link is to the “action sections”. and possible consequences. The immediate link is to the “risk factor” section.
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ACTIVITY MENU

Both context and health-related sections
connect to a sub-menu to input physical activity.
The user can select from different triggers to the
same amount of activity. The categories are derived
from the user typology, having individual and
group activities with both controlled and open
variables. All of the activities are based on the same
system measurement; the different options are
meant to determine the user typology. Once a type
is selected the measurement works similarly to
all options, counting activity amount and calories
burned through the wearable.

Figure 50 Countdown before starting activities.
All of the different activities use the wearable
device to measure activities.

In the EXPLORE option, the user can increase
his or her personal activity motivated with a digital
hunt using GPS location. Inthe INDIVIDUAL section,
the users set time and distance and compete again
themselves.

|

CHALLENGES provide different topics to try,
such as virtual zombie runs where environmental
sounds are used to motivate activity. The GROUP
activities give the possibility to contact other
people and set dates to exercise together.



PROFILE

Similar to the dashboard page, the profile is
divided into 2 sections. In the PROFILE the user can
personalize the avatar, picture and elements in the
context-related section.

In the PROGRESS section, the user gets a
visual report of the program and an adherence
percentage. In here the user can select to update
his electronic record or send a report to the care
professionals. If this is not done periodically the
physician can send a notification or reminder.

LONGITUDINAL USE
PROGRAM MANAGEMENT

Daily activities, contextual factors and intrinsic
motivators are expected tochangein the time lapse
between appointments of the prevention program.
By having a responsive platform these changes can
be addressed and the program can be adapted.
In the first months, the system will learn from
the interactions of the user and response to the
input. It is expected that after several interactions
the system reaches an adaptation “plateau” and
detects major changes in mood or stress and
determines the best time to show assessment
questionnaires to detect comorbidities or intention.
In any case, the user will input his preferences only
at the beginning of the program and later one will
only focus on managing his or her progress(Figure
51). For the user, only the system surface will be
accessible, avoiding a saturation of data.

INCREASING ADHERENCE

The most important goal of the system is
to increase adherence to the program and, as
a consequence, reduce CVD risk overall. Since
individuals have not been diagnosed with a CVD
vet, there is the possibility to try different strategies.
An incremented adherence level is accepted as a
positive outcome of the system, even if it is not of a
100% since, currently, people can leave a program
completely once they have a set-back.

CAREGIVER INVOLVEMENT

The final concept supports the actions that the
user needs to follow in order to increase adherence
without the health network being present.
Nevertheless, it gives a possibility to reach the
professional in charge of the prevention program
when needed, but it is not the main feature since
the system should not increase workloads for the
health providers. As a final nudging element, the
caregivers can send a notification and ask for an
appointment when there is not enough input or
behavioural change strategies fail.



Figure 51 Complete system interaction flow. While the user only interacts with the mobile application
and wearable, the system gives information to the physician and updates the electronic health record of the
user.
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DESIGN OVERVIEW

KEY FEATURES

Personalization based on initial self-assessment

- Personal intention and intrinsic concerns are included in the system
Adaptive feedback based on user’s activity

- Nudging strategies are based on interaction trends.

- Showing death-related data when adherence decreases.

Individual risk tracking

- The system tracks losses individually. This way a single set-back has fewer chances of ending in
complete treatment abandonment.

- By tracking small signs of progress, the positive feelings can be extended to longer periods.

KEY BENEFITS

Support of different literacy levels.
- Individuals get familiar with health-related data gradually.

- The system can detect if the user has a high literacy level or needs more concrete information when
a certain section is clicked more than others.

Scalability for other smart digital devices

- The system is planned to be synchronized with wearables and smart devices such as scales, blood
monitors and pill containers.

- In case no smart technology is available, the system can still be used with just the wearable device to
count steps and heart monitoring.

DETECTION OF COMORBIDITIES (DEPRESSION)

- By tracking adherence levels and comparing it with activity and responses in the application, the
system can deliver validated self-assessment tests to evaluate if the individual suffers from depression or
mental distress.



EVALUATE

CONCEPT EVALUATION
OBJECTIVE

A second user test was conducted to evaluate the effect of the changes made to the first concept. The
mock-up prototype had more in-depth qualities and was planned to let participants explore different areas of
the app without a script. The main objective was to understand how the users perceive these different areas
and measure if all of them were needed and if they were understandable overall.

DESIGN BRIEF
HOW THE PROJECT ALIGNS WITH THE DESIGN BRIEF AND CONTEXT.

When the design direction was defined, there were certain aspects that were still not in the research
plan, such as a detailed analysis of the interaction in the labelling consultation and a bigger scope of public

institutions involved. Adding these factors to the conceptualization phase ensured a complex and feasible

design.




Intention to register to the program

0% 0% 15.4%

30.5% 46.2%

Not at all Maybe

Most Definitely

Predicted self-adherence

0% 0% 30.8%

38.5% 30.8%

LowM

ONLINE PROTOTYPE AND QUESTIONNAIRE

Using a cloud-based prototype and an online
questionnaire, people were asked to rate the
expected efficacy and adherence of the system after
explaining the context. Similarly to previous tests,
individuals were primed with a set of questions
meant for self-reflection and to place themselves in
the desired context. People were asked to picture
themselves as being 40 years old and think about
what would be their desired context regarding
family, workplace and living place.

Later on, the prevention program strategy was
explained to them, ending up in the invitation to
participate in the program and receive the wearable
tracking device. Their intention to participate was
measured, resulted in a majority interested in the
program but not with the same level of motivation.

The next step directed participants to the
interactive application. In the first stage, they were
given the individual assessment to then arrive at
the main dashboard. Participants could interact
with all of the displayed menus, making it possible
to follow the planned flow until the more complex
levels.

ediumH igh

After interacting with the prototype participants
were asked to measure their intention to use
the application, how likely it would help them to
change behaviours and if the general style of the
app should be less or more serious. The results
showed that most of the people preferred the
current style, having a small tendency towards
a more serious tone. About the efficiency and
effect on risk behaviours, individuals were inclined
towards a positive outcome, but 30% marked it as
uncertain.

Finally, individuals were given a set of features
and asked to specify which were more and least
importantforthem.Of6givenoptions,the possibility
to adapt to personal interests and tracking progress
were the highest rated, and having rewards was the
least important. However, all of the options were
pointed as the most important factor for at least
one person, showing that there are very different
preferences in strategies among individuals.

Figure 52 Results from digital survey with 15 participants.

Effectiveness of the app to change behaviour

0% 7.7% 0%
LowM ediumH igh
Tone of the app
0% 7.7% 7.7%
—— |
Less serious Keepitasitis More serious

“..an App is not enough for
me to change my behavior,
| need real-life pushers”

- Participant No. 4
In order to rely on the app, I'd
definitely need a professional human

opinion to ensure any diagnosis.

- Participant No. 9

“l see a scale connected in the
app and | think it would be nice to
have it like that. It could give me
more motivation to use the app.”

- Participant No. 13

LIMITATIONS OF FINAL EVALUATION

The concept iteration test was performed
digitally only (Figure 52). This meant that micro-
emotions were not included, and answers were
limited to scales in specific areas such as intention
to use and self-predicted effects. In addition, some
of the users were expecting a more responsive
application. Some of the elements were places
with only a visual intention but a few users thought
they were fully responsive and ended up giving a
negative impression at the end. The introduction to
the test also explained that the application would
be tailored to their individual characteristics, but
the mock-up included risks that might not apply to
them, such as smoking or drinking.



DISCUSSION &
RECOMMENDATIONS

DISCUSSION

Being CVD a global burden, several studies
have worked with treatment adherence in different
stages of the disease. The use of different strategies
to increase adherence is not something new;
digital reminders and electronic devices have been
unsuccessful when trying to significantly increase
adherence to a medical treatment after a CVD
condition or other diseases'8 149150,

Most of these studies focused on a single
variant, such as wearable technology or physician
messages. However, a study that integrated
wireless pill bottles, lottery-based incentives,
and social support did not significantly improve
medication adherence eitherl51. The authors
discussed that the selection process of participants
focused mainly on disease stage and demographic
characteristics.

In their discussion researchers point out that
the results could have been influenced by the
moment individuals were reached and that results
could have changed if participants would be given
information immediately after their discharge.

PATIENT TYPOLOGY

Although the categorization of patient's
personality was convenient to determine the
interactions with a CVD condition, when used in a
prevention scope, it seemed that the presence of
a certain type was less constant than others. This
might be the result of the lack of symptoms or
illness.

The discussion of the validity of personality
tests was considered but no clear definition was
reached. Nevertheless, it was not the goal to
determine a unique personality categorization, but
more to become aware of the transitional aspects
of personality and the complexity of behaviour and
triggers in the medical context.

PROJECT LIMITATIONS
NO PATIENT CO-CREATION

Being risk labelling a single event, it was hard
to reach individuals during the specific moment
of risk labelling. The persons reached for interviews
were already labelled or had a CV condition. The
same applies to the online stories used for the
creation of personas.

This meant that there were no vivid experiences
but rather a narration of their personal stories.
The behaviour analysis was focused on a wider
spectrum of the target group. This aligned with the
literature review and insights about the prevention
paradox and the diversity of factors involved when
going “upstream” in the CVD progression.

In the case of online questionnaires, availability
was a key factor and no selection process was
followed. Therefore participants may not represent
the true population. This method was selected to
have a broader perspective and bigger input in a
fast-paced developing method, considering the
scope of including a bigger population section.

A more empirical research with real patients
could have given a richer psychological analysis
with subtle emotions. However, this would have
been more time consuming and, most likely, less
representative for the broad target group. For
ethical reasons, it was decided not to include people
with a potential risk in co-creation sessions since

this could have produced cognitive bias or affect

their perception of medical indications. As a result
of these variables, it is possible that the proposed
solution does not meet all of the user needs when
implemented in the real context.




LIMITATIONS OF AN APP BASED DESIGN

In the first stage of the research, it was observed
that individuals tend to find it easy to avoid a
digital application in their mobile phones. Giving
full control of an app was not desirable, but it is
expected that by making it available only for users
that are labelled by a physician, the commitment
and adherence increase.

It was planned to have similar triggers with
different graphics for the types of users, however,
research showed that individuals do not maintain
the same typology over a long period of time.
This is addressed by having different levels types
of interactions but also means that the digital
application would consume more resources
of a device. It is expected that technological
developments allow more complex software in the
future, but currently, it is hard to determine if the
performance of the application would be affected
by limitations of the device.

Al AND MACHINE LEARNING

The system uses an A/B testing to determine
the feature that fits the user better and that can
give better longitudinal results. By iterating and
refining this process the system can provide better
outputs. Buzzwords such as machine learning and
artificial intelligence are commonly used to give
solutions to an untested area. This project considers
that data from interaction input is quantifiable,
can be categorized and fine-tuned based on the
categorization to do a second A/B test. However,
this would need to be tested further.

MEDICAL EXPERTS INVOLVED

Literature review helped to understand the state
of the healthcare system and the input of three
physicians gave a perspective on an individual level.
However, these perspectives may not represent the
overall healthcare view and knowledge. Literature
validated the insights from the interviews, but
other factors may be overlooked.

LONGITUDINAL TESTING

An important part of behavioural change is
the adoption of new routines. To test if a behaviour
has clearly changed, researchers need to conduct
experiments for a longer period of time. In the
case of CVD prevention programs, a follow-up
appointment can be scheduled after one year if
the risk is considered low. The timeframe of this
project did not allow a longitudinal approach;
however, other factors such as intensity of triggers
and intrinsic motivators were studied to ensure
feasibility and impact.

RECOMMENDATIONS
NEED OF A JOINT EFFORT

One observation during the research was that
most people tend to reach physician advice only
when they have a symptom. For a CV condition, this
probably would mean that primary prevention is
no longer an option. Public policies and strategies
from the private sector are needed to call the
attention of individuals at risk outside the health
network.

The government, private industry, non-profit
and patients need to work together to achieve a
sustainable healthcare model. The focus of this
projectisontheinteractionwithaself-management
platform; however, it is conceptualized as part of a
bigger endeavour to deliver primary prevention
assessments to a wider population.

A final storyboard shows a user journey from
the general population sector to the prevention
program follow-up. This concept benefits from
the current infrastructure of the Netherlands:
the national citizen database and the healthcare
prevention flow but in order to realize it there
is a need to include government and private
stakeholders.

FULL HEALTHCARE SYSTEM CYCLE

Including performance information of a
prevention programinthe EHRofthe userscan help
future condition treatment and recommendations
outside primary stages of care. By knowing which
strategies work for certain individuals might help
care providers to deliver a meaningful message to
patients and increase adherence to other medical
treatments. To achieve this, a bigger scope would
be needed, following a hierarchical flow to meet
the requirements of hospitals, insurance, and
caregivers.

ETHICAL CONSIDERATIONS

Incentives and strategies to change behaviour
and increase adherence to a program take as
granted that the prevention guidelines are
designed with the wellbeing of individuals in mind.
Medication prescription in primary prevention can
raise questions about the real need for them and
possible side-effects. This project follows established
institutional recommendations, but medication
intake should always provide information and give
an opt-out option.

EXPANSION OF SCOPE

The healthcare system could benefit greatly
from a self-management system that includes
personal preferences and that is used in different
health stages. This would need the involvement
of more health professionals and institutions. This
project was limited to the usability in primary
prevention, but the principle of individuality and
adaptability can benefit different care systems,
having the wellbeing of the patients in mind.



CONCLUSIONS

GRATION OF E-HEALTH TECHNOLOGIES IN EARLY PREVENTION STAGES

The current trend of including patients in
their care give major possibilities for immediate
feedback and increasing availability of data, but
it doesn't come without critical elements. When
receiving a bad prognosis, individuals react
differently depending on intrinsic and extrinsic
factors. In the current model, the health network is
both a source of information and support. Human
interactions play a major role in the commmunication
of health-related information. When developing
mHealth concepts there is a need to consider not
only the medical information but the psychological
implication of removing the care provider when
giving information, positive or negative.

A big setback of addressing prevention
programs is that individuals find it hard to adhere
when there is no constant reminder or clear
results. The lack of pain, symptoms or progression
makes it hard to consciously think about a disease.
Immediate triggers and priorities make the
initial mMotivation and shock fade away. Constant
reminders aim to balance this but need to bein line
with the individual capabilities and desires. Terror-
management strategies have not been successful
in reducing modifiable risks since individuals
manage unsettling implications very differently.
Addressing these factors can have major benefits
but the measuring system should both facilitate
input and adapt its output, generating a cycle for
constant interaction.

ADDING GRANULARITY TO PATIENT INFORMATION

The shift from health-related data to one
controlled by the patient has the possibility to
include individual perception to the readings in the
EHR. By adding the patient typology to the data,
the person in charge of the prevention program
can deliver a more tailored care and advice during
a follow-up consultation. Addressing the individual
characteristics and adding more data means
more complex databases and resources, but it is
expected that by categorizing and measuring this
data, a simplified and understandable report can
be delivered to the health professional network.

NEED FOR LONGITUDINAL ANALYSIS

IN DESIGN FOR HEALTHCARE

Several products in healthcare are not adopted
by desire but for need and can involve negative
reminders while still asking for attention. This level
of complexity needs to be considered in the design
process since it affects stakeholders, interactions
and wellbeing. The products, therefore, are not
limited to an initial adoption. Products meant for a
longitudinal use need to consider that individuals
change over time. This, however, it's not impossible
to plan and manage. Technological developments
are making adaptability and transformation
possible. This project aims for a planned adaptation
instead of a response to implementation issues.




SELF-REFLECTION

This project started with a general view of
cardiovascular diseases. The complexity of the
problem required an extensive research both from
literature and interviews with stakeholders. In the
beginning, the topic was researched horizontally,
covering different stages, stakeholders and
technology. This added understanding and filtered
concepts that were not suitable for all the involved
parts, but also prolonged the literature research

stage. The initial goal was to follow a user-centred

research at early stages and start an iterative
process. However, the research stage and literature
uncovered topics that had to be understood
before. The literature review was part of the whole
project, even at final stages, to support every idea
generated and assure the implementation and
usability possibilities.

This project gave me the opportunity to assess
what | learned from my studies and actively decide
which methods and practices were more suitable
to obtain insights and knowledge while making
a balance of my own resources, capabilities and
interests. When | started the project | developed
a detailed planned with a time consideration for
adjustments; however, the stacking complexity of
the topic required constant adaptation. This was
something that | did not consider at the beginning
of the project.

Apart from these lessons, | acquired knowledge
about management of complex topics and
feasibility within the medical field. | am confident
that designers have the capability of addressing
highly technical and complex problems, but
they need to be aware of their own limitations,
capabilities and desired outcome.
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