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ABSTRACT

Background:

Nowadays, eHealth is expected to play an important role in supporting patients with chronic conditions
in their self-management. However, in recent evaluations only the effects of eHealth technologies are
measured by performing RCTs. Consequently, it remains unknown why these effects occur and what
are the reasons behind the use an non-use of eHealth technologies. Therefore, there is a need for
eHealth evaluations that goes beyond measuring the effects. The eCCM which is a framework for
developing effective eHealth solution for chronic care is expected to support these evaluations.

Objective:

The aims of this study is to evaluate how PHRs for the chronic conditions: T2DM, COPD and CHF are
used to support self-management for patients and the daily care routines for healthcare professionals
and to come up with recommendations to make the PHRs for chronic conditions more persuasive.

Methods:

A mixed methods design was used to combine quantitative and qualitative research methods. The
guantitative research data (log data) were used to gain more understanding of the usage of PHRs and
to identify predictors for long-term usage. By using qualitative data from different sources (e.g.
usability tests, interviews etc.) it was possible to identify the experiences of the potential end users
and their healthcare professionals about the usage and implementation of the e-Vita platform.
Subsequently, the qualitative data enabled the researchers to investigate to what extent the PHRs fits
the components of the eCCM.

Results:

A fast declining trend is shown for the amount of sessions that is performed on the PHRs. However,
patients with more sessions more intensively used the different feature which especially applies for
the PHRs were intended usage is pursued. Besides, it was found that the feedback loop presented in
the eCCM, required for interactions between the healthcare professionals and patients to provide
tailored self-management solutions was completely lacking in the studied PHRs. Additionally, is was
found that those who visited all main features of a PHR have a higher probably to become long-term
users.

Conclusion:

Equal usage patterns are shown for the PHRs. Besides, it can be concluded that a holistic and ‘agile
science’ approach to evaluate the components of the PHRs with the end users continuously and as
early in the development process on is lacking. For the evaluations of PHRs it can be concluded that a
mixed methods approach contributed positively to investigating the usage. Furthermore, placing the
PHR in the eCCM is of great value to take into account the context of the technology and to identify
which components needed improvements to make PHRs more persuasive. However, future studies
should focus on how the eCCM can be expanded to fit the transmural care setting.
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1. Introduction

1.1 Chronic conditions in the Netherlands

Due to declining birth rates and longer life expectancies, the proportion of older people in our society
is growing (1, 2). This causes an increase in the number of people with age-related ilinesses, including
chronic conditions (2, 3). Chronic conditions have a big impact on the individuals, since chronic
conditions are lifelong and cannot be cured. Often, chronic conditions have a course that varies over
time. Furthermore, there are some common challenges concerning chronic conditions, which include
recognizing symptoms and taking appropriate actions, using medications effectively, managing
complex health behaviours, developing strategies to deal with the psychological consequences and
interacting with the healthcare system (4).

At the moment, it is getting more common that older people are living longer despite they are having
a disease. Consequently, more diseases are becoming chronically. This is a result of the improved
healthcare services, increased access to health education, and economic growth (5, 6). This increase
in life expectancy brings its own challenges which places a burden on the healthcare system (5). For
example, more healthcare professionals will be needed to assist all patient with chronic conditions. At
the same time, there is an imminent shortage of professional healthcare workers to support a larger
group of older patients, who have longer life expectancies than in the past (6).This will result in a
decreasing number of professionals available for face-to-face contact to assist chronically ill patients
in managing their disease. Furthermore, the changing and growing request for care for patients with
chronic conditions is causing increasing healthcare costs in the Netherlands (6).

The chronic conditions: Type 2 Diabetes Mellitus (T2DM), Chronic Heart Failure (CHF) and Chronic
Obstructive Pulmonary Disease (COPD) are highly prevalent in the Netherlands (7). In 2015, around 1
million patients are diagnosed with T2DM, 227.30 with CHF and 607.300 with COPD (8-10). Moreover,
it is expected that through aging these prevalence’s will rise (11). For T2DM it is expected that in 2025,
1.4 million patients will be diagnosed with this chronic condition (12). The causes and prognoses of
these chronic conditions are mainly influenced by lifestyle factors. The most important risk factors for
developing T2DM are obesity and physical inactivity (13). For CHF examples of risk factors are: bad
eating behaviour, consuming too much alcohol, smoking and physical inactivity (14). At last, the leading
cause of COPD is smoking (15, 16). It can be concluded that for all these chronic conditions a healthy
lifestyle is important in order to reliever complains and to prevent a bad prognosis of the disease.
However, the rising number of patients with chronic conditions and the increasing burden on the
healthcare system will therefore be a challenge in the near future and requires innovative solutions to
support the chronically ill and their healthcare professionals (6). Currently, one of these innovative
solutions is the introduction of eHealth.

1.2 eHealth

The use of technology in healthcare, or electronic health (eHealth), has the potential to assist patients
in managing their disease (6). EHealth arose in the early 2000s and has, since recently a big impact on
healthcare (17). At the moment, countless eHealth technologies are being developed to support
patients and their healthcare professionals in healthcare. Broadly stated, eHealth refers to the use of
information and communication technologies (ICT), especially the Internet such as interactive health
platforms, to improve and support healthcare services (17). However, eHealth can also refer to
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domotics, which are electronic tools which can be used at home such as sensors for fall prevention
(18). Furthermore, the first “e” in eHealth does not only stand for “electronic”, but also implies a
number of other “e’s”, which together describes the goals of the eHealth solutions (19). One of the
goals is efficiency, which aims to decrease the costs in healthcare. This can for example be enhanced
by more patient involvement, which results in fewer duplicative and unnecessary therapeutic
operations. Other goals of eHealth technologies are: enhancing the quality of healthcare, creating
evidence-based eHealth interventions, stimulating empowerment among patients and encouraging
new relationships between patients and healthcare professionals (19). However, the main goal of
introducing eHealth is to encourage patient-centred care: “providing care that is respectful of and
responsive to individual patients preferences, needs and values and ensuring that patients value guide
all clinical decisions” (20). Subsequently, eHealth solutions improves the quality of care, which is an
advantage for both the patients and the healthcare professionals (21). For example, because of
eHealth, it will be possible to easily share data between healthcare professionals. This ensures that all
healthcare professionals will be working with the most updated health data.

Factors that drive the eHealth market include: the pressure to decrease healthcare costs and the rising
number of people with age-related diseases including chronic conditions (6, 19). Whereas, there are
also some factors which inhibit the implementation of eHealth solutions such as: financial incentives
for implementing the eHealth solution, difficulties with adopting the eHealth solution in daily practice
and complexity of the systems (22).

1.3 Self-management

Moreover, eHealth is expected to play an important role in supporting patients with chronic conditions
in their self-management. In the literature self-management is defined as the individual ability to
participate in the management of their own health status (6, 23). For patients with chronic conditions,
self-management is an essential component to enhance a positive prognosis of the disease and achieve
a sufficient quality of life (4, 24). The basic principle underlying self-management is that behavioural
change cannot succeed without the patient taking responsibilities. Patients with chronic conditions
have to make many decision in order to manage their disease (23). For example, patients make
decisions about medicine use, the level of exercise and other lifestyle behaviours. From this
perspective, in the Netherlands there has recently been a strong emphasize on self-management
among the healthcare for patients with chronic conditions (6). By developing self-management skills,
patients become more aware of and gain more insight in their own health values and lifestyle
behaviours. For example, by keeping track of their blood pressure or nutrition intake.

The main goal of self-management for patients with T2DM, CHF and COPD is learning to live with their
chronic condition and to maintain a healthy lifestyle in order to prevent bad prognosis of the disease.
To achieve these goals, various eHealth technologies are already developed for patients with these
chronic conditions to assist them in self-management (23). For example, e-coaching and activity
monitoring applications can assist and advice the patient in controlling their weight. This is done by
providing patients with insights into self-monitored data (23). Furthermore, providing self-
management support via eHealth provides possibilities for encouraging patients to: prepare them self
for appointments, track their laboratory results and make use of preventive care (e.g. information
sessions about a healthy lifestyle) Recently, the need to implement self-management via eHealth is
huge as the number of patients with chronic conditions is rising.



In addition, the study of Huygens, et al. identified differences between patients with diabetes, COPD
and cardiovascular conditions in their willingness to use self-management interventions (23). Findings
from this study revealed that patients with diabetes reported the most benefits and willingness to use
self-management interventions, followed by patients with COPD. This may be caused by the fact that
many people with diabetes are already familiar with self-monitoring applications for measuring their
blood glucose levels. Besides, most diabetes patients are aware that their eating behaviour, weight
and medication intake directly influenced their health. For patients with a cardiovascular condition
their disease had lesser impact on their life. Therefore, they have fewer needs for self-management
support (23).

The systematic review of Hunt et al., which is conducted to evaluate the eHealth solutions which are
used to facilitate diabetes self-management, found that the eHealth solutions nowadays used by
diabetic patients had positive impacts on daily diabetes self-management activities (25). These
activities included: blood glucose monitoring, exercising, healthy eating, taking medication, monitoring
for complications, and problem-solving. The increased use of diabetes-related eHealth solutions
indicates that people living with diabetes are interested in using these solutions to improve their self-
management and diabetes outcomes (25). However, eHealth solutions for diabetes patients to provide
education and real-time feedback needs to be developed (25). For patients with COPD, researchers
show that eHealth self-management solutions may contribute to a better quality of life and to a
reduction in health care consumption, as well as health care costs (26). For CHF patients, systematic
reviews shows success in improving symptom monitoring by eHealth solutions (27). Nevertheless, for
the eHealth solutions directed to CHF and COPD patients there is a gap in the research. There are no
evidence based results about which component or activities of these eHealth solutions are drivers for
positive health outcomes (27).

1.3.1 Personal health records (PHRs)
At this moment, Personal Health Records (PHRs) are one of the innovative eHealth solutions which
play an increasing role in the support of self-management for chronic care (28). Tang et al. defined a
PHR as: “an electronic application through which individuals can access, manage and share their health
information in a private, secure and confidential environment” (29). PHRs have the potential to support
patient centred care by giving patients access to their medical records and other relevant information.
Thus assisting patients in managing their own health (30). The PHRs are accessible for the patients,
their healthcare professionals and also for authorized third parties. PHRs differ from electronic health
records (EHRs) in that EHRs, which includes all medical data regarding one person, are only accessible
for the healthcare professionals (29). However, the PHR can be a part of the EHR that provides access
to relevant medical information for the patient.

The following functions are commonly included in PHRs to support self-management (30, 31):

e Monitoring: insight in and possibility to record personal health values and lifestyle behaviour.

e Goal-setting/coaching: setting personalized health-related goals, while the PHR or healthcare
professionals gives feedback.

e Education: providing information about the disease to help patients managing their chronic
conditions.



e Patient-provider communication: giving patients and healthcare professionals the opportunity to
easily contact each other to discuss medical and lifestyle issues.
e Peer support : sharing experiences with others who have the same chronic condition.

The deployment of the PHR can have many potential benefits for both patients and healthcare
professionals. First, the PHRs support patient empowerment, which includes increased feeling of
responsibility for health and selfcare, better treatment compliance, improved participation in decision
making and increasing knowledge about their disease (32). The second benefit is the gain in health and
quality of life. PHRs offers patients access to a large amount of health information, which they can use
to improve their health and it will learn them how to deal with their chronic condition (29).
Furthermore, the quality of care will increase, for example by improved relationships between patients
and healthcare professionals, due to increased possibilities for online communication and more
flexible access to services (e.g. laboratory results) (32). Finally, a benefit of the PHRs is the decrease in
burden of care due to fewer unnecessary consultations, reduced waiting lists and lower healthcare
costs (32). However, in the article of Price et al., researchers found that not all health conditions are
sensitive to benefit from electronic PHRs. Conditions with evidence based benefits from PHRs tended
to be chronic conditions such as T2DM, CHF or COPD (33). This can be explained by the fact that these
chronic conditions cannot be cured, but they can be self-managed in order to maintain an acceptable
quality of life. For curable disorders (e.g. anemia) eHealth solutions are of lesser value, since such
disorders are not lifelong and are to a lesser extent influenced by lifestyle factors.

1.4 The eHealth enhanced Chronic Care Model (eCCM)

According to the chronic care model (CCM), self-management is just one of the components which is
needed to achieve effective chronic healthcare. The CCM, developed by the MacColl Institute for
Healthcare Innovation at Group Health Cooperative, is a framework for the development and
improvement of care for patients with chronic conditions (34). The model included six interdependent
components which are: community resources, health system support, self-management support,
delivery system design, clinical decision support, and clinical information systems. For an effective
chronic healthcare it is required to include all these components.

‘Self-management support’ can be provided by giving patients the information, confidence and skills
for managing their own chronic condition (34). The component ‘delivery system design’ is important
to assure effective and efficient clinical care. Besides, ‘decision support’ promotes clinical care with
the most current and relevant evidence based guidelines. Finally, the model emphasized the role of
‘clinical information systems’ which is needed to provide healthcare professionals and the patients
access to data, information, and knowledge needed to improve health. Besides, a key factor of the
CCM is the productive interactions between the informed, activated patients and the prepared,
proactive healthcare professionals with the aim to improve health outcomes (34).

In previously conducted studies the CCM has been proven to be a useful framework for promoting
patient empowerment, self-management support, and improving clinical and behavioural outcomes
(34). However, with the introduction of eHealth, a revised model, the eHealth Enhanced Chronic care
model (eCCM), shown in figure 1, is designed (35). The revised model is of added value for increasing
the efficiency of usage of eHealth in chronic care (35). With the introduction of eHealth and consumers
seeking eHealth solutions, it is needed to provide the chronically ill with eHealth skills (35). Therefore,
the component eHealth education was added to the interdependent components of the CCM to create
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the eCCM. In addition, a complete feedback loop (CFL) is required in eHealth technologies (35). In the
eCCM this feedback loop contain the terms: ‘data’, ‘information’, ‘knowledge’, and ‘wisdom’. The first
step in the feedback loop is gathering information about the health status of the patients. Secondly,
interpretation of the information takes place using previously established knowledge and or wisdom
about how to support self-management to patient with chronic conditions.

Community — Health Systems — eCommunity — eHealth

// Clinical Decision Support

Delivery System Design (graphs, charts, protocols, Clinical Information Systems
(care coordination, ACOs guidelines, reminders, (EHR, PHR, patient portal, Internet,
. ' infobuttons, etc. ) mHealth, smart phone, wearable

interoperability, medical
jargon, timeliness, policy,

devices, telehealth, etc. )

content, RHIO’s, networking, Information Knowledge
design) : eHealth Education
5 message training, health
Data Wisdom | ! S 5 -
Self-management Support Complete Feedback Loop educatnon,( technology tral}nmAg,
(24/7 access, convenience, eCommunity training, navigation
communication, reminders, e < N Prepared, training, accuracy,
alerts, planning, Activated’ Productive Proactive Fompletgness, volurr?e qf
empowerment, engagement) pationt ifiteractions Practice information, customization
aten Team numeracy, literacy, usability,
security)

Improved Outcomes

(cc-by) Gee PM, Greenwood DA, Paterniti DA, Ward D, Miller LMS
J Med Internet Res 2015;17(4):e86, hitp://www.|mir.org/2015/4/e86/

Figure 1. Ehealth enhanced Chronic Care Model (eCCM). Source: Gee et al. (35).

1.5 Barriers for using eHealth technologies

Although, the potential benefits of PHRs have been shown in the current literature, many solutions
still fail in their adoption and face high non-adherence rates (36-38). Many, people stop using the
eHealth technology or do not use the technology as intended (39).

For eHealth technologies to be used, it should be financially feasible. Often, there are no obvious
financial benefits for the healthcare systems and it is not clear enough who is responsible, the
community or the patients themselves, for the finance required for developing and implementing the
eHealth technologies. This is why a lack of finical incentives often hinders the implementation (22, 36).
Furthermore, there is often a lack of clarity about legal issues, for example: who is ultimately
responsible if the technology provides a wrong explanation of a health value or what if the security of
personal health data is insufficient? (40). In addition, many eHealth technologies are developed
according to different standards. This makes it difficult or even impossible to communicate information
from one system to another (40).

Another barrier is the fact that the context of eHealth solutions often does not fit the needs and wishes
of the stakeholders (e.g. patients, healthcare professionals). As a consequence, both the patients and
healthcare professionals are still not motivated, are unable to use the eHealth technologies or they do
not know how to integrate it into their daily routines (22). This conclusion is partly confirmed by the
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study of Harvey et al., who reported that motivation is an essential component in order to engage
with an eHealth intervention (36).

Besides, the literature study from Kelders et al. shows that an eHealth technology will be rejected if
patients do not recognize the added value (relative advantage) of the technology or if using the
technology caused difficulties (complexity) (37). In addition, the feeling that regular healthcare services
are sufficient and the association of eHealth with a high degree of dependency or ill health are found
to be reasons for not using eHealth technologies (23). Another study concluded that for eHealth
technologies to be beneficial, the observed benefits such as reduced medication intake, should exceed
the negative consequences. These negative consequences included for example: frequently taking
action to deal with the disease and reminding patients about having a chronic condition. Furthermore,
it is found that when patients already have an (social) environment, which offers them sufficient
knowledge and support, they will less likely use an eHealth technology for self-management (23).

1.6 Evaluating eHealth technologies

Despite the identified barriers for using eHealth technologies, the number of eHealth technologies in
healthcare is growing and there is still insufficient understanding of how and why such interventions
do or do not work (41). There is still a large gap between the expected and demonstrated benefits of
eHealth technologies (18).

Up to now, evaluation research in the field of eHealth is dominated by the traditional concept of
medical research where randomized controlled trials (RCTs) are the gold standard (21). These trials are
useful for randomizing those who will receive an intervention and those who will receive usual care
and subsequently compare the outcomes (21). When eHealth technologies are evaluated with RCTS,
usually it is investigated whether the technology has an effect on health outcomes. The main
parameters for this are quality of life, clinical values and changes in behaviour/lifestyle. Up to now,
most evaluations of eHealth technologies mainly focused on the effectiveness of the technology,
without explaining why a particular outcome occurred. Knowing why such outcomes occurred, gives
opportunities to promote or change the features of an eHealth technology that work or do not work.
Although this kind of trials have proven to be very useful in determining the outcomes, researchers
agree that RCTs are not optimally suitable for the evaluation of eHealth technologies.

The use of eHealth within healthcare needed some changes in evaluation approaches. One of the
reasons for this is that traditional medical interventions do not change as quickly as eHealth
technologies do. Research designs like RCTs require that the same technology will be used for several
years. Given the fast pace at which the designs of eHealth technologies are changing. The standard
used RCTs as evaluation methodology, with a prolonged duration from recruitment to publication,
perceived an impractical evaluation method for most eHealth technologies (42). Furthermore, in RCTs
the eHealth technologies are assessed as a single process, but the use of eHealth technologies is not
just one single process (43). People can use an eHealth technology in many different ways. For
example, one can use the technology more often or use different elements of the technology such as
a diary, a patient forum or information video.



At last, by only looking at the effects with the use of RCTs, it will remain unknown how or what parts
of the technology contributed to these effects. It is therefore necessary, that evaluations of eHealth
solutions should not only focus on clinical outcomes but also should take into account the context in
which the technology is used. Therefore, an evaluation methodology is needed that goes beyond a
baseline and follow-up measurement of health outcomes. Therefore, more research should be
directed towards the factors that provide insight into the usage of and the reasons behind use and
non-use of eHealth technologies (44, 45).

Recently, van Gemert-Pijnen et al. designed a framework for the development and evaluation of
eHealth technologies (21). This framework is the Center for eHealth research (CeHRes) roadmap,
shown in figure 2. The main goal of the CeHRes roadmap is providing a framework to explore and test
how an eHealth technology can be optimally suited to the end users and implemented in practice (21).
The CeHRes roadmap consists of five different phases: the contextual inquiry, value specification,
design, operationalization and summative evaluation. In every phase specific components, needed for
the development of an eHealth technology, are evaluated in order to collect input for improvements.

In the contextual inquiry phase the key-stakeholders and the context of current situation is mapped.
During the value specification phase the wishes of the different stakeholder have to be identified and
requirements to design the eHealth technologies have to be created. In the design phase prototypes
of the technology are developed and afterwards the usability is evaluated. In the operationalization
phase, the main goals is to make sure that eHealth technologies are implemented and used in practice.
At last, in the summative evaluation phase evaluations are conducted to measure the effects of the
implemented technology on health and healthcare. Except measuring impact (behavioural, clinical and
organizational outcomes) the summative evaluation also focuses on uptake, which is the examination
of usage behaviour. In other words, there is an evaluation of how people have been using the
technology in practice and how the use is related to the found effects. This is an important phase to
promote in upcoming evaluations, since nowadays most evaluations of PHRs only investigated clinical
outcome values. Besides, the formative evaluations (Figure 2.) between phases aimed to check
whether the goals of the phases have been reached.
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an‘”“‘ EVALy,, q‘.ﬂlvs Eva Luay, oa‘”’dw! Ev’”“qr, “MD"NE Ev.“,",‘",\'r
o ‘o, L) o, <! o o o,
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CONTEXTUAL VALUE SUMMATIVE
VALUE BUSINESS
DRIVERS MODEL

CEHRES ROADMAP E@mEE Centerfor eHealth Resaarch and Disease Managament
t v ehaalthrese: RIS, O

Figure 2. Centre for eHealth research roadmap (CeHRes) Source: van Gemert-Pijnen et al. (21).

The CeHRes roadmap is based on a holistic approach, which takes into account the users, technology
and the context (18). Furthermore, the framework includes iterative cycles for eHealth development
and a continuous evaluation process. The latter is required from the first development phase on;
because eHealth technologies evolve constantly and not everything is known from the start. The
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CeHRes roadmap has consistent principles with the ‘agile science approach’, introduced by Hekler et
al., which also intended that the development and evaluations of an intervention have to occur in
parallel and iterative cycles until the solution has been optimized and is ready for practice (43). This
continues analysis includes that many evaluations should take place during the whole process of the
development and implementation. The iterative process builds on identifying useful elements of the
technology that can be used in practice. However, via the ‘agile science approach’ also ineffective
elements can be identified, which can be improved or can be eliminated from the intervention (46).
Additionally, findings about which factors work or did not work in an intervention, can also be used in
the development of new technologies.

1.7 Persuasive eHealth technologies

Technologies, especially interactive technologies, can persuade people to do the right thing at the right
moment (21). Therefore, to improve the evaluated components of an eHealth intervention, designers
focus on developing persuasive technologies. A persuasive technology is broadly defined as “a
technology which is designed to change attitudes or behaviors of the users through persuasion and
social influence, but not under compulsion” (47). These persuasive technologies are rather new in the
health care domain (21). Persuasive eHealth technologies can for example be designed to motivate
patients to engage in self-management. The persuasive system design (PSD)-model (figure 3),
developed by Harri Oinas-Kukkonnen and colleagues, provides ideas and tools to design persuasive
eHealth technologies by using persuasive system design elements (48). These persuasive elements
ensures that the technology supports users to change their behavior. These elements (figure 3) can be
divided in four different categories: primary task support, dialogue support, credibility support and
social support. (48).

Persuasive system design-model

Dialogue Credibility
Support Support

‘Social learning,
‘Normative infiuence,
-Social facilitation, |

Trustworthiness,
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world feel,
Authority, Third-
party, Verifiability.

Reduction, Tunnelin Bl Praise, Rewards, Re

g Tailoring, Personal il minders, Suggestion,

 ization, Self- - ‘

monitoring, Simulati Ml Similarity, Liking, Soc
on, Rehearsal lalrole

Figure 3. Persuasive system design (PSD) - model. Source: Oinas-kukkonnen (48).
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1.8 Casus: personal health record e-Vita & research questions

One of the promising eHealth interventions which is recently developed to support self-management
for chronically ill patients is the web-based PHR e-Vita. The e-Vita platform aims to improve the quality
of chronic disease management, by helping patients to manage and control their chronic condition.
The web-based PHR e-Vita is deployed for the chronic conditions: T2DM, CHF and COPD. Up to now,
the evaluations of the PHRs so far only assesses the effectiveness through RCTs (6, 49, 50). The lack of
insight in how or which parts of the PHRs influenced the usage of the e-Vita platform, refers to the
“black box phenomenon” (21, 50). The e-Vita platform can be seen as a black box and it is unknown
what happens inside. Therefore, there is a need for an evaluation approach that goes beyond the
measurements of the effects by means of performing RCTs. For current research the e-Vita platform is
used as casus to investigate the usage of PHRs.

To open the black box of the PHRs, it is of added value to identify: how and to what extent features of
PHRs are used and what are the reasons behind the use and non-use. It is important to take into
account that complex eHealth technologies, such as the PHR, do not consist of just one single process.
Therefore, a holistic approach is required which takes into account the context, technology and the
users. Besides, a couple of previous research studies identified usage patterns of web-based
interventions which can predict long-term usage (38, 44, 45). Subsequently, it seems useful to explore
if for the explored PHRs also long-term usage could be predicted. If usage behavior of the PHR could
be predicted, it becomes possible to screen for more efficient patterns. Consequently, the PHRs can
be adjusted to these findings or intervene when it is predicted that participants are at risk to drop-out.
The following research questions are developed to gain insight in the usage and reasons behind the
use of PHRs, to search for possible predictors for long-term usage and to come up with
recommendations to improve the PHRs to support self-management.

How are PHRs for the chronic conditions: T2DM, COPD and CHF used to support self-management for
patients and the daily care routines for healthcare professionals?

Sub-questions:

» To what extent do the experiences of potential end users and their healthcare professionals,
with regard to the implementation of the PHR e-Vita, match the components of the eCCM?

» To what extent can long-term usage of PHRs be predicted?

The results will be used to come up with recommendations to improve the implementation and
persuasiveness of PHRs for patients with chronic conditions.
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2. Methods

2.1 Web-based PHR e-Vita

e-Vita, was a web-based personal health record which was developed for supporting self-management
among patients with chronic conditions in primary and secondary care. The PHR e-Vita was an initiative
of the Dutch Foundation Care within reach (in Dutch: Zorg Binnen Bereik), a partnership between
Philips and Achmea. The aim of the PHRs was to support patient-centeredness in order to help the
patients to manage and control their chronic condition and consequently improve the quality of
chronic disease management.

The PHR e-Vita was developed for the chronic conditions T2DM, CHF and COPD. E-vita for T2DM was
developed for usage in primary care, which is provided by the general practitioner (GP). For T2DM
there were already 2 versions of e-Vita conducted. The ‘e-Vita diabetes 2.0’ was a revised version of
‘e-Vita diabetes 1.2’. ‘E-vita for CHF' was deployed for usage in secondary care, which means in
hospitals or outpatient clinics. The e-Vita for CHF was connected to the ‘Motiva’ telehealth system,
which registered real-time measurements from the patients and sent this to the heart failure (HF)
nurses. Patients were expected to measure their own weight, blood pressure and heart rate with
supplied equipment every day. Also, via ‘Motiva’ these data was presented in e-Vita. Lastly, the e-Vita
platform for COPD was intended for usage in domestic and primary care. In ‘e-Vita COPD’ patients
were asked to fill in some questionnaires on fixed time points. According to van Gemert-Pijnen et al, a
web-based intervention can be seen as the whole of the content, system and services it provides(18).
Therefore, the web-based PHR e-Vita is described with the help of these categories.

2.1.1 Content
Table 1. shows the main features included in the different e-Vita platforms. Screenshots of these
features were attached in appendix A and B. In appendix A, the features included in ‘e-Vita diabetes
1.2’ and ‘e-Vita CHF’ are shown. Appendix B, included features of ‘e-Vita diabetes 2.0’ and ‘e-Vita
COPD’. The main feature profile was only logged for ‘e-Vita diabetes 1.2’ and ‘e-Vita CHF'. Therefore,
log data analysis not include the usage of the profile on the other two e-Vita platforms.

Table 1. Main features which were included in the different e-Vita platforms.'

‘e-Vita diabetes 1.2’ ‘e-Vita CHF’ ‘e-Vita diabetes 2.0’ ‘e-Vita COPD’

Monitoring X X X X
Goal-setting /Coaching X X X
Education X X X X
Profile X X X X
Healthcare team X X
Messages X X
Medication X

A short description of the main features on the different e-Vita platforms:

e Monitoring: insight in data of annual checks and monitoring own health values (e.g. weight).

e Goal-settings/coaching: patients can set personal health-related goals to actively engage in
improving their health.

e Education: included education related to their chronic condition (e.g. how to change lifestyle).

e Profile: information about personal details (co-morbidities etc.).
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o Healthcare team: contact details of healthcare professionals and possibility to send messages.
e Messages: inbox for receiving messages.
e Medication: medication usage.

2.1.2 System

The participants in the RCTs for measuring the effects of the PHRs e-Vita had, via an user name and
password, free access to the e-Vita platform. Ones participants had logged in, the home-page screen
appeared. From there all main features of the e-Vita platform are accessible. Communication on the
PHR e-Vita was in both directions, from the patients to the healthcare professionals, but also from the
healthcare professionals to the patients. The indirect communication takes place via e-mail messages.
Besides, for ‘e-Vita diabetes 1.2’ and ‘e-Vita CHF’ a helpdesk service was available, which occasionally
sent reminders via the email to remind the participants of using the e-Vita platform.

2.1.3 Service

Clicking on one of the main features or performing a related action were all described as features of
the PHRs. On the PHRs a variety of actions can be performed. The actions related to the monitoring
feature consisted of reviewing data of annual checks, or get insight in own measured health values
(e.g. blood pressure). For the goal-setting/coaching feature the actions consisted of adding a wish or
goal and evaluating the actions with the help of a coach. An action on the medication feature included
adding which medication patients used and entering starting and stopping moment of usage. For the
education feature these actions consisted of assessing extra information related to someone’s chronic
conditions or lifestyle behaviour (e.g. dealing with stress). Moreover, for ‘e-Vita diabetes 2.0’ and ‘e-
Via COPD’ there was also an feature included to communicate with the relevant healthcare
professionals and on all e-Vita platforms a profile feature was available were personal data can be
adjusted.

Furthermore, there was also an action called extra information. Via the | icon button (shown in
appendix A) the users could gain explanations about the different functions in e-Vita. In addition, the
participants in the RCTs for ‘e-Vita diabetes 2.0’ and ‘e-Vita COPD’ received a training session. These
trainings sessions consisted of an interdisciplinary groups training that informed the participants about
the possibilities to increase their self-management by the web-based PHR e-Vita.

2.2 Design: mixed methods approach

The 4 different e-Vita platforms (‘e-Vita diabetes 1.2’, ‘e-Vita CHF’, ‘e-Vita diabetes 2.0’ and ‘e-Vita
COPD’) were studied in the past three years and a lot of data among patients and healthcare
professionals, regarding the usage of and the experiences with the PHRs was gathered. These data
included for instance: usage data (log data), data of usability testing and data of interviews. According
to the CeHRes roadmap, in the current study a backward summative evaluation was performed to
understand the usage of the in practice investigated PHR e-Vita. As well as a forward summative
evaluation to identify possibilities to make the PHR e-Vita more persuasive according to both the
patients and healthcare professionals.

To address the complex problems in health and healthcare delivery, an approach is need to capture
the users, technology and context (51). To this end one of the evaluation approaches which was
increasingly recommended for investigating the usage of a web-based interventions is the mixed
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methods approach (38, 45). The use of mixed methods as a research design in the health science
domain enable researchers to better understand complex systems and provides a framework for
carrying out both quantitative and qualitative approaches within a single research study (52). The
mixed methods approach included more than simply collecting both quantitative and qualitative data,
the data will be mixed in the evaluation phase of the research process (53). The mixed methods
approach was a cyclic evaluation instead of a before and after design such as in RCTs (18).

The favored design of the mixed methods approach will depend on the research question, but in most
cases researchers choose between either collecting quantitative and qualitative data simultaneously,
termed a parallel design, or collecting data in phases — a sequential design (54). For the current study
a parallel mixed methods design will be used. In this type of design the qualitative and quantitative
data are collected in parallel, analyzed separately, and then synthesized. This design gives equal
priority to the quantitative and qualitative data. The parallel design seemed the most suitable, since
both the quantitative and qualitative data was already collected.

The underlying logic of mixing was that researchers were in this way able to gain increased insight in
the usage of an eHealth technology and to compensate for the weaknesses of one data collection
method via the strengths of the other. As an example, there were some difficulties in using log data
for understanding underlying mechanisms that were responsible for the observed usage of eHealth
technologies (55). For example: usage data from a digital health intervention might include whether a
participant had clicked a webpage, but tell researchers little about why a participant decided to click
on a page or whether the content of the page was actually read. With the help of qualitative data a
more clear picture can be create about why people act in certain ways and what their feelings were by
performing certain actions. Therefore, the mixed methods approach seemed of added value in current
study to evaluate the PHRs. The mixed methods approach of current study used both quantitative (e.g.
log data) and qualitative (e.g. usability testing or interviews) research in order to gain insight in how
the PHRs were used and to identify the reasons behind use and non-use of PHRs.

2.2.1 Quantitative data : log data

2.2.1.1 Goal of log data analysis
Log data was the quantitative data source in the mixed method approach. Log data is defined as a
history of anonymous records of real-time actions performed by each user on a technology (21). Log
data provides continuous and objective insight into the actual usage of the technology. Moreover, log
data enables researchers to explore the navigation process including which system features were used
and to gain insight into the usage, which contributed to the outcomes identified by the RCTs (56, 57).
Log data of the PHR e-Vita was already collected, however still had to be analyzed.

2.2.1.2 Participants of log data analysis
The log data of the different e-Vita platforms was collected among patients who participated in the
RCTs to measure the effects of the e-Vita platform. The participants consisted of patients diagnosed
with T2DM, COPD or CHF who were treated in primary care and for ‘e-Vita CHF’ in outpatient clinics
(secondary care). The participants were recruited by their GP or HF nurse and included when they were
interested to participate.
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2.2.1.3 Log data collection and preparation

Log data for the ‘e-Vita diabetes 1.2’ was collected from July 2013 till January 2016, for ‘e-Vita CHF’
from 2013 till September 2015, for ‘e-Vita diabetes 2.0’ from September 2014 till July 2016, and lastly
log data of ‘e-Vita for COPD’ was collected from June 2014 till April 2016. In all log data every record
(row) contains an (anonymous) user identification number, the time and day of using a feature, an
identification of the type of features used on e-Vita (clicking a main feature or performing an action
related to one of the main features) and in some cases additional information (e.g. what information
was viewed by the user). From the log data, the following variables were calculated:

e Number of sessions per user

e Percentage of users who used a feature per session

e Average percentage of participants who used a feature across the sessions

e (Categorizing long and short-term users

e Visiting all main features

A session was defined as a period of activity ended by a period of at least 30 minutes of inactivity.
Therefore, when a user logged in to e-Vita within half an hour after the last login, this was considered
to be the same session. Percentages of users who used a feature were calculated for session 1 till 6
and also for performing more than 7 sessions. These categories were based on making comparable
groups regarding the number of sessions performed by the users. Moreover, percentages were also
calculated for the trainings sessions of ‘e- Vita diabetes 2.0’ and ‘e-Vita COPD’ to see which and to what
extent features were used during the trainings sessions. For calculating the average percentages the
trainings sessions were excluded, because we want to assess how participants use the PHRs
independently.

Moreover, additional variables were created. First, a variable was created to distinguish long and short-
term users. The cut-off value for those who were categorized as long-term users was based on the
research of Nijland et al. who used the users’ activity degree as cut-off value (45). Therefore, those
who performed more sessions than the median number of sessions were categorized as long-term
users. Besides, according to the research of Kelders et al., who found that long-term users show more
involvement with the intervention, a variable was created to assess the number of participants who
visited all available main features on the PHRs (e.g. for ‘e-Vita CHF’ these included using the features:
monitoring, goal-setting/coaching, healthcare team and medication) (38).

2.2.1.4 Data analysis of log data

To analyze the log data and perform statistical analysis, the log data was processed to the statistical
program IBM SPSS® versions 23. Descriptive analyses of the different variables were performed on all
available log data to obtain the usage of the PHRs. The descriptive analysis refer to the way patients
use the intervention features, as well as frequency of usage. Furthermore, the analysis consisted of
showing the total number of users who performed 1 till 6 or more than 7 sessions and for ‘e-Vita
diabetes 1.2’ it was also analysed if sending reminders influenced the usage of the web-based PHRs.
Furthermore, the percentage of users who used a feature per sessions and also the average percentage
across the sessions were analyzed.
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Additionally, the log data was used to assess whether the usage of features can predict if participants
will become long-term users of a PHR. Identifying predictors for long-term usage offers the researchers
opportunities to adjust the PHRs in such a way, for example with the help of persuasive elements, to
support more patients to become long-term users. For the PHRs with a training session, the second
login was attributed as first login which participants performed independently.

To identify these predictors for long-term usage, first univariate logistic regressions were performed
to screen for potential predictors. Long and short-term users, were compared using the chi-square
tests (x?) and also odds ratios (OR) with 95% confidence intervals were reported. The lack of evidence-
based literature about which intervention features could be predictors, caused that the current study
is rather explorative than hypothesis confirming. According to the study of Bossen et al., which aimed
to identify potential predictors for usage of a web-based intervention without selecting predictors on
theoretical ground, it is recommended to use wide p-values (58). Therefore, the backward Likelihood
Ratio (LR) method was used for these logistic regressions, with a threshold of p-value <0.1 for
significant predictors.

Secondly, the features that reached the threshold of p-value <0.20 were included in a multivariate
stepwise binary logistic regression to create a model for identifying predictors for long-term usage of
the PHRs. Finally, model fitting was evaluated with the chi-square test (x?), Nagelkerke R? and Hosmer-
lemeshow test of goodness of fit. Models with a x> with P<0.01 were attributed as significant predictive
models. For the Nagelkekerke R?a high value indicated that the variables contributed significantly to
the model, with 1 as the maximum value. The hosmer-lemeshow test of goodness of fit was statistically
significant if p<0.01, indicating that the model not fitted the model well.

2.2.2 Qualitative data

To gain insight into the experiences of patients and the healthcare professionals regarding the
implementation and usage of the PHR e-Vita, qualitative data was obtained by usability testing,
interviews and information from the helpdesk. The qualitative data was already collected before the
guantitative analysis was interpreted. An overview of the different qualitive research methods is
shown in table 2. Besides, also three focus groups where conducted to identify opinions about in which
way the elements monitoring, coaching, education and logic support could be of added value in a PHR
to assist in chronic care. The focus groups were conducted among 11 healthcare professionals who are
involved in primary care for patients with T2DM. At the moment of performing the focus groups none
of the participants used an interactive platform. This research did not specifically belong to the PHR e-
Vita, but results could be used to create recommendation to improve the uptake of PHRs. Therefore,
outcomes of this focus groups were also reported in the results section.
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Table 2. Specifications of qualitative research methods to evaluate the PHR e-Vita.

Goal

Participants

Data
collection/
procedure

Data analysis

Usability testing with potential
end users

To gain insight in how potential
end users, uses the e-Vita
platform and to identify which
tasks caused difficulties.

For ‘e-Vita diabetes 2.0’ : 8
potential end users, including
people who were diagnosed with
T2DM or people with a risk for
T2DM.

For ‘e-Vita COPD’: 10 potential
end users, including people who
were at high risk for developing
COPD.

Scenarios were used to navigate
end users throughout e-Vita.
During these scenarios the
potential end users were asked to
‘think aloud’, in other words to
verbalize his or her thoughts,
about why he or she was
performing certain actions (59).

Findings from the usability test
were reported separate for every
intervention feature. Afterwards,
it was categorized if problems
belonged to the content, system
or service of the PHR.

Semi-structured interviews
with potential end users

To identify expectations and
experiences concerning e-Vita
of potential end users after
they performed the usability
test.

For ‘e-Vita diabetes 2.0’ : 8
potential end users, including
people who were diagnosed
with T2DM or people with a
risk for T2DM.

For ‘e-Vita COPD’: 10 potential
end users, including people
who were at high risk for
developing COPD.

During these interviews
guestions were asked related
to positive and negative points
of the PHR e-Vita, what kind of
experience they had with the
PHR e-Vita and if the PHR
e-Vita meet their expectations.

The obtained data from the
interviews with the healthcare
professionals were categorized
by using the different themes
which were discussed during
the interviews.

Semi-structured interviews with
healthcare professionals

To identify expectations and
experiences concerning the web-
based PHR e-Vita among
healthcare professionals.

For ‘e-Vita diabetes 1.2": 15
primary care nurses

For ‘e-Vita COPD: 8 nurse
practitioners

For ‘e-Vita CHF: 9 heart failure
nurses

Questions related to the themes:
introduction of e-Vita, reasons to
implement a PHR, the actual users
of the PHR, the positive
experience, barriers of the use,
deployment of

e-Vita and the expected changes a
PHR will make in healthcare for
patients with chronic conditions.
The obtained data from the
interviews with the healthcare
professionals were categorized by
using the different themes which
were discussed during the
interviews.

Helpdesk service

To assist participants, who
use the e-Vita platform in
the RCTs, in using the e-
Vita platform.

Patients and healthcare
professionals using
‘e-Vita diabetes 1.2’ or
‘e-Vita CHF’ in the RCTs.

The helpdesk service was
accessible via e-mail or
phone.

Qualitative anonymous
scripts of these phone calls
and email messages were
available.

Scripts were summarized
by means of categorizing
the questions and issues if
they belong to the content,
system or service of the
web-based PHR e-Vita.
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2.2.2.2 Data analysis of qualitative data
Quotes of the interviews, outcomes of the usability tests and summarized data of the helpdesk service
were used to evaluated to what extent the e-Vita platform and its implementation fits the components
of the eCCM described in table 3. In the results section first per qualitive research method outcomes
were presented. Afterwards, by placing the PHRs in the eCCM, it was indicated how the PHR can be
redesigned with regard to which eCCM components needed improvements.

Table 3. Components of the eCCM used to evaluated the e-Vita platform.

Component

1. Self-management support

2. Delivery of the system

3. Clinical decision support

4. Clinical information systems

5. EHealth education

2.2.3 Synthesizing the quantitative and qualitive data

Explanation

To empower and prepare
patients to manage their
health and healthcare.

To assure the delivery of
effective, efficient clinical
care and self-management
support.

To promote clinical care that
is consistent with scientific
evidence and patient
preferences.

To organise patient and
population data to facilitate
efficient and effective care.

To ensure that consumers
learn how to use the
eHealth technology.

Examples

Easy to use
Communication

Interoperability
Design

Graphs/charts
Reminders
Info-buttons

PHRs
Sharing medical data

Training
Usability

The synthesizes refers to the point in the research process at which the investigator mixes or integrates

the quantitative and qualitative data collection and analysis. In the current research study the data

was synthesized in the evaluation phase of the research process which takes place in the discussion

section. In the discussion section the qualitative data is used to interpret, discuss and explain outcomes

of the quantitative data analysis.
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3. Results

The first part of the results section consisted the outcomes of the log data analysis. The log data
analysis included findings of: the number of sessions performed by the users, frequency of usage of

the different features and outcomes of the logistic regression analysis. In the second part, qualitative
data was analysed to evaluate if the PHRs fits the eCCM.

3.1 Log data analysis of the web-based PHR e-Vita

3.1.1 Number of users
Figure 4. shows the number of users that performed a certain number of sessions, stratified for the
different e-Vita versions. For the usage of the PHR e-Vita, a declining trend was observed in the number

of users that performed more sessions. Additionally, for ‘e-Vita CHF’ the highest number of users who
performed > 7 sessions was shown.
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Figure 4. Total number of sessions performed on the PHRs e-Vita.

Figure 5. shows the number of sessions per month and the time points (see arrows) on which
reminders to use the ‘e-Vita diabetes 1.2’ platform were sent from the helpdesk to the participants.
The figure reported that after sending reminders the number of sessions increased for the subsequent

month. For example, in September 2013 a number of 83 sessions were performed and after sending
reminders an increase to 153 sessions in October 2013 was shown.
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Figure 5. Number of sessions per month and time points of reminders to use ‘e-Vita diabetes 1.2’.

19



3.1.2 Frequency of usage of the different features

Figure 6. shows the percentages of users who used the different features of the PHR e-Vita per session.
For ‘e-Vita diabetes 1.2’ Figure 6a. shows that performing an action on the monitoring feature (insight
in own health values) was the most frequently used feature across the sessions. An average percentage
of 71% users performed an action on the monitoring feature compared to 9% for the least used
feature, which was goal-setting/coaching (adding a personal goal). ‘e-Vita CHF' was predominantly
used for clicking the feature medication with an average percentage of 62% participants (Figure 6b.).
However, performing an action on the medication feature (adding medication usage) was the least
used feature, with an average of 30% participants. Thereafter, figure 6¢. and 6d. shows that for both
‘e-Vita diabetes 2.0’ and ‘e-Vita COPD’ clicking the monitoring feature was the most frequently used
feature with average percentage of respectively 74% and 40% across the sessions. Moreover, for both
e-Vita platforms performing an action on the education feature (getting information about their
chronic condition) was the least used feature. Average percentage of respectively 16% (Diabetes 2.0)
and 9% (COPD) were shown.

Furthermore, data analysis revealed that the users with 2 7 sessions in all e-Vita versions had
significantly (p<0.01) higher percentages of usage for all features compared to the average
percentages across the sessions. Showing that longer usage of the PHRs referring to those who
performed > 7 sessions on the e-Vita platform are more intensively using the different feature on the
PHRs.

Additionally, looking at the goals feature which was available in ‘e-Vita diabetes 1.2’, ‘e-Vita diabetes
2.0’ and ‘e-Vita COPD. Figure 6a., 6¢. and 6d. shows large gaps between the participants how clicked
the feature goals and those who performed an action related to the goals feature across all sessions.
Lastly, figure 6c. and 6d. shows that not all different features were used during the trainings sessions
for ‘e-Vita diabetes 2.0’ and ‘e-Vita COPD’. Especially for performing one of the action related features
during these trainings sessions the percentages of usage for most of the features not reached a number
above 50%.
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Figure 6. Usage of features on the PHRs e-Vita.
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3.1.3 Predictors for long-term usage

For all e-Vita platforms, univariate logistic regression analysis were performed to investigate if there
were significant differences in usage of the features between long- and short term users during the
first session users performed on their own. Therefore, trainings sessions were excluded from the
analysis. Table 4 to 7 shows the outcomes of the univariate logistic regression analyses. Features which
reached the threshold of p <0.2 were attributed as potential predictors. The median amount of total
sessions was attributed as cut-off value to categorize long and short-term users. The median amount
of sessions for e- Vita diabetes 1.2’, ‘e-Vita CHF’, ‘e-Vita diabetes 2.0’ and ‘e-Vita COPD’ were
respectively 2, 15, 5 and 8 sessions.

For ‘e-Vita diabetes 1.2’ table 4. shows that users who clicked the monitoring or profile feature,
performed an action on the education feature or visited all 4 main features (profile, measurements,
goals & education), had a higher probability to become long-term users compared to those who not
used these feature or used less than 4 features of the PHR. For ‘e-Vita CHF’ (table 5). it was found that
all users who used one of the features had a higher probability to become long-term users compared
to those who not used any feature. For ‘e-Vita diabetes 2.0’ (table 6.) none of the features used in the
first sessions created an higher probability to become long-term user compared to those who not used
the features. At last, for ‘e-Vita COPD’ users who clicked the feature messages (inbox) and performing
an action on the education component were found to have a higher probability to become long-term
users compared to those who not used these features shown in table 7.

Table 4. Univariate Logistic regression: potential predictors for usage ‘e-Vita diabetes 1.2’""

Total Long-term Short-term
users users " users OR (95% Cl) p-value v
(n=301) (n=128) (n=173)

Clicking profile 79 (26) 41 (32) 38 (22) 1.67 (1.00-2.81) 0.05*
Clicking monitoring 97 (32) 48 (38) 49 (28) 1.52(0.93-2.47) 0.09*
Action monitoring 193 (64) 80 (63) 113 (65) 0.89(0.55-1.42) 0.61
Clicking goal-setting/coaching 104 (35) 45 (35) 59 (34) 1.05 (0.65 - 1.69) 0.85
Action goal-setting/coaching 13 (4) 6 (5) 7 (4) 1.17 (0.38 —3.56) 0.79
Clicking education 169 (56) 74 (58) 95 (55) 1.13(0.71-1.80) 0.62
Action education 89 (30) 44 (34) 45 (26) 1.49 (0.91 - 2.45) 0.12*
Action extra information 37 (12) 19 (15) 18 (10) 1.50 (0.75-2.99) 0.25
Visiting all main features v 42 (14) 26 (20) 16 (9) 2.50 (1.3 -4.89) 0.01*

I. Data is presented as n (%). Il. The reference groups are non-usage and < 4 features used. Ill. Long-term users were
defined as participants with >2 sessions. IV. *P < 0.2 is potential predictor. V. In total ‘e-Vita diabetes 1.2’ included 4
main features (profile, measurements, goals & education). OR = Odds ratio; Cl = Confidence interval.
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Table 5. Univariate Logistic regression: potential predictors for usage ‘e-Vita CHF """

Total Long-term Short-term
users users " users OR (95% Cl) p-value v
(n=147) (n=73) (n=74)

Clicking profile 120 (82) 71(97) 49 (66) 18.11 (4.1 - 80.01) 0.00*
Action monitoring 109 (74) 68 (93) 41 (55) 10.95 (3.96 —30.27) 0.00*
Clicking education 129 (88) 73 (100) 56 (76) X
Action education 114 (78) 69 (95) 45 (61) 11.12 (3.66 — 33.76) 0.00*
Clicking medication 134 (91) 73 (100) 61 (82) X
Action medication 103 (70) 66 (90) 37 (50) 9.43 (3.83 — 23.25) 0.00*
Action extra information 106 (72) 68 (93) 38 (51) 12.88 (4.66 — 35.59) 0.00*
Visiting all main features v 101 (69) 67 (92) 34 (46) 13.14 (5.07 — 34.04) 0.00*

I. Data is presented as n (%). Il. The reference groups are non-usage and < 4 component used. Ill. Long-term users were
defined as participants with >15 sessions. IV. *P < 0.2 is potential predictor. V. In total ‘e-Vita CHF included 4 main
features (profile, measurements, goals & education). OR = Odds ratio; Cl = Confidence interval.

Table 6. Univariate Logistic regression: potential predictors for usage ‘e-Vita Diabetes 2.0’ """

Total I;Z:ri_ Short-term
users " users OR (95% Cl) p-value v
users

(n=96) (n=45) (n=51)
Clicking monitoring 70 (73) 35 (78) 35 (69) 1.60 (0.64 — 4.00) 0.31
Action monitoring 24 (25) 14 (31) 10 (20) 1.85(0.73-4.72) 0.20
Clicking goal-setting/coaching 47 (49) 22 (49) 25 (49) 1.00 (0.45-2.22) 0.99
Action goal-setting/coaching 13 (14) 8(18) 5(10) 1.99 (0.60 — 6.59) 0.26
Clicking healthcare team 55 (57) 24 (53) 31(61) 0.74 (0.33-1.66) 0.46
Action healthcare team 25 (26) 10 (22) 15 (29) 0.69 (0.27 -1.73) 0.42
Clicking messages (inbox) 55 (57) 26 (58) 29 (57) 1.04 (0.46 — 2.34) 0.93
Clicking education 38 (40) 16 (36) 22 (43) 0.73(0.32 - 1.66) 0.45
Action education 12 (13) 5(11) 7 (14) 0.79 (0.23-2.67) 0.70
Visiting all main featuresV 27 (28) 11 (24) 16 (31) 0.71(0.28 — 1.74) 0.45

I. Data is presented as n (%). Il. The reference groups are non-usage and < 5 component used. Ill. Long-term users were
defined as participants with >5 sessions. IV. *P < 0.2 is potential predictor. V. In total there were 5 main features
(measurements, goals, healthcare team, messages & education). OR = Odds ratio; Cl = Confidence interval.

Table 7. Univariate Logistic regression: potential predictors for usage ‘e-Vita COPD ' """

Total I;Z?ri- Short-term

users " users OR (95% Cl) p-value v

(n=78) users (n=40)

(n=38)

Clicking monitoring 30(39) 16 (42) 14 (35) 1.35(0.54 -3.37) 0.52
Action monitoring 5(5) 0 5(13) X
Clicking goal-setting/coaching 24 (31) 12 (32) 12 (30) 1.08 (0.41-2.82) 0.88
Action goal-setting/coaching 5(6) 0 5(13) X
Clicking healthcare team 12 (15) 5(13) 7 (18) 0.71(0.21-2.48) 0.60
Action healthcare team 4 (5) 2(5) 2 (5) 1.06 (0.14 - 7.90) 0.96
Clicking messages (inbox) 21 (27) 13 (34) 8(20) 2.08 (0.75-5.79) 0.16*
Clicking education 19 (24) 12 (32) 7 (18) 2.18 (0.75-6.31) 0.15%*
Action education 6 (8) 5(13) 1(3) 5.91 (0.66 — 53.14) 0.08*
Visiting all main features v 5(6) 2(5) 3(8) 1.63 (0.26 —10.33) 0.60

I. Data is presented as n (%). Il. The reference groups are non-usage and < 5 component used. Ill. Long-term users were
defined as participants with >8 sessions. IV. *P-value < 0.2 is potential predictor. V. In total there were 5 main features
(measurements, goals, healthcare team, messages & education). OR = Odds ratio; CI = Confidence interval
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Subsequently, for ‘e-Vita diabetes 1.2°, ‘e-Vita CHF’ and ‘e-Vita COPD’, binary logistic regression
analyses with a stepwise method were performed to identify the positive predictors (p<0.1) for long-
term usage. Therefore, the identified potential predictors from the univariate analyses were used to
create models to identify predictors for long-term usage of PHRs.

For ‘e-Vita diabetes 1.2’, the analysis resulted in a model (table 8), with using all main features (profile,
measurements, goals & education) of the PHR as positive predictor for long-term usage with OR= 2.5
(p=0.01). The logistic regression analysis yielded a significant model, X%,= 7.42, p= 0.01 and Nagelkerke
R2of 0.03.

Table 8. Logistic regression model: predictors for usage ‘e-Vita diabetes 1.2’ ""

B (SE) OR (95% ClI) p-value "
Visiting all main features "V 1.23 (0.50) 2.50 (1.3 -4.89) 0.01
Constant -0.43 (0.13) 0.00

I. Data is presented as n (%). Il. The reference group is < 4 components used. lll. Significance level at p <
0.01. IV. in total ‘e-Vita diabetes 1.2’ include 4 main features (profile, measurements, goals & education).
B =Unstandardized coefficient; SE =Standard error; OR =0dds ratio; Cl =Confidence interval.

Table 9. shows the results of the multivariate binary logistic regression for ‘e-Vita CHF’. The analysis
resulted in a model with performing an action on the education feature, performing an action on the
medication feature or using all main features (profile, measurements, goals & education) of the PHR
as significant positive predictors with respectively OR=5.3 (p=0.01), OR= 6.8 (p= 0.00) and OR=7.5 (p=
0.00). The logistic regression yielded a significant model, X%:= 64.32 p= 0.00 and Nagelkerke R? of 0.47.
Additionally, the hosmer-lemeshow test of goodness of fit was not statistically significant (p= 0.55),
indicating that the data fitted the model well.

Table 9. Logistic regression model: predictors for usage ‘e-Vita CHF’ ""

B (SE) OR (95% ClI) p-value "
Action education 1.66 (0.65) 5.25(1.50 - 18.61) 0.01
Action medication 1.91(0.51) 6.75(2.47 - 18.41) 0.00
Visiting all main features 2.02 (0.53) 7.54 (2.66 - 21.38) 0.00
Constant -4.30 (0.84) 0.00

I. Data is presented as n (%). Il. The reference group is non-usage or <4 components used. lll. Significance
level at p< 0.01. IV. In total ‘e-Vita CHF’ include 4 main features (profile ,measurements, goals &
education). B = Unstandardized coefficient; SE = Standard error; OR = Odds ratio; Cl = Confidence interval

Lastly, table 10. shows the outcomes of the logistic regression analysis for ‘e-Vita COPD’. The analysis
resulted in a model, with performing an action on the education feature as positive predictor with OR=
5.9 (p=0.11). But, the positive predictor did not contributed significantly to the model to predict long-
term usage. The logistic regression yielded a model with, X%;= 3.36, p= 0.06 and Nagelkerke R%of 0.06.

Table 10. Logistic regression model: predictors for usage ‘e-Vita COPD’ """

B (SE)" OR (95% Cl) p-value "
Action education 1.78 (1.12) 5.91 (0.66 — 53.14) 0.11
Constant -0.17 (0.24) 0.48
I. Data is presented as n (%). Il. The reference group is non-usage. lll. Significance level at p< 0.1.

B = Unstandardized coefficient; SE = Standard error; OR = Odds ratio; Cl = Confidence interval.
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3.2 Qualitative data analysis of the web-based PHR e-Vita

In this part the collected qualitive data concerning the experiences of the potential end users and
healthcare professionals was reported per research method. Afterwards, with the qualitative data it is
evaluated to what extent the e-Vita platform fits the eCCM components. Lastly, the results of the focus
groups concerning the integration of an interactive PHR for chronic care was reported.

3.2.1 Usability testing and interviews among potential end users

The results of the usability test for ‘e-Vita diabetes 2.0’ and ‘e-Vita COPD’ showed that potential end
users experiences difficulties with adding goals. Most of the participants did not understand the
differences between adding a wish or challenge and it was unclear which buttons should be used for a
certain function on the goal-setting/coaching feature. Furthermore, the potential end users had
problems with understanding what the next steps were after filling in a wish or challenge. Additionally,
in the interviews with the potential end user for ‘e-Vita COPD’ it was revealed that when they have
questions they prefer to ask one of their healthcare professionals instead of assessing the education
feature on the e-Vita platform. Besides, in the interviews among potential end users for ‘e-Vita
diabetes 2.0’ it was revealed that potential end users prefer more communication with the healthcare
professionals. For example, about how to set or reach their health related goals or get feedback about
their measured health values.

At last, from the usability tests among potential end users for ‘e-Vita diabetes 2.0’ and ‘e-Vita diabetes
COPD’ it can be concluded that the navigation via the e-Vita platform was unclear, with regard to where
functions can be found and how to use these functions. Moreover, meaning of some buttons presented
in the PHRs were unclear. The potential end users for ‘e-Vita COPD’ reported that they could not find
the education feature which was called ‘library’ and for ‘e-Vita diabetes 2.0’ the potential end users
reported that buttons were presented in an illogical order. For example for adding weight, first the
buttons ‘target values’ and ‘all measurements’ appear and lastly the button ‘adding weight’. Another
issue with the navigation for ‘e-Vita diabetes 2.0’ and ‘e-Vita COPD’ was that clicking on a caregiver
not directly navigated the potential end users to sending a message. These kind of issues confused
some potential end users and let them think that they were on the wrong place for sending a message.

3.2.2 Interviews among healthcare professionals

From collected data of the interviews for ‘e-Vita diabetes 1.2" and ‘e-Vita CHF’ it was obtained that
logging in to the e-Vita platform caused problems. Moreover, healthcare professionals of ‘e-Vita
diabetes’ stated: “When you want to visit e-Vita you had to take the hurdle of logging in first”.
Furthermore, according to the healthcare professionals for ‘e- Vita COPD’ and ‘e-Vita CHF’, the
impossibility of dialogue support to create interaction between the users and the system, and receiving
messages from the platform were disadvantages in the delivery of the e-Vita system. Additionally, in
the interviews among the healthcare professionals for ‘e-Vita CHF’ and ‘e-Vita COPD’ it was mentioned
that they and the potential end users simply forgot to look at the e-Vita platform, because it was not
integrated into their daily routines and for most of the e-Vita platforms no reminders to use the
platform were received. Another issue mentioned in the interviews among the healthcare
professionals for ‘e-Vita CHF’ is that health outcomes cannot be tracked for longer than 2 weeks. This
was perceived as a limitation, because healthcare professionals wanted to track health values for a
longer time period to make better decisions about treatment plans.
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For ‘e- Vita’ CHF’ there was a connection with the telehealth system ‘Motiva’. However, when HF
nurses noticed deflected values in ‘Motiva’ they should first open the e-Vita platform to check (patient-
reported) changes in medication use or co-morbidities. In the interviews among HF nurses for ‘e-Vita
CHF’ they mentioned that it its inefficient to use the e-Vita platform due to the lack of connection
between the e-Vita platform, ‘Motiva’ and their own (electronic) patient record. “We constantly need
to switch between these three systems, that is just not workable that way”. Moreover, for ‘e-Vita COPD’
the healthcare professionals also reported about the lack of connection to other systems. Working
with multiple systems was perceived as non-practical and labour-intensive. At last, from the healthcare
professionals for ‘e-Vita COPD’ and ‘e-Vita CHF’ it was obtained that the information on the e-Vita
platforms was often incomplete or inaccurate. As an example, for the education feature information
was out dated or about another disease.

For ‘e-Vita diabetes 2.0’ and ‘e-Vita COPD’ trainings sessions were provided for both the potential end
users and the healthcare professionals. Despite these trainings sessions the interviews healthcare
professionals for ‘e-Vita COPD’ found that it was hard to promote and explain their patients about the
health platform e-Vita. One of the healthcare professionals said: “I did not know very well what was
especially asked of use. We had done what we had to do and thought e-Vita will do something further
with it”. Furthermore, for ‘e-Vita diabetes 1.2’ healthcare professionals mentioned : “You don’t know
e-Vita and you had to explain it to the patients. That does not work.” Subsequently, evaluating ‘e-Vita
diabetes 1.2, ‘e-Vita CHF’ and ‘e-Vita COPD’ the interviews revealed that for both the potential end
users and healthcare professionals it was unclear what was exactly expected from them regarding the
e-Vita platform. Moreover, in the interviews for ‘e-Vita diabetes 1.2’ it was found that the PHR did not
meet the needs of the patients.

3.2.3 Data from the helpdesk
The e-Vita platform was a PHRs which for example tended to provide data of a person’s annual check-
ups. However, helpdesk data for ‘e-Vita diabetes 1.2’ shows that data of annual check-ups and other
research outcomes were frequently not visible on the e-Vita platform. This was a consequence of the
unclear communication to the healthcare professionals that they were responsible for uploading the
relevant health outcomes (e.g. laboratory results, data of annual check-ups).

Moreover, to provide relevant clinical data, which goes beyond the data of the healthcare system (e.g.
about hidden health behaviour such as lifestyle), it is necessary that patients individually fill in their
health-related goals and other personal data. However, obtained from the helpdesk data for ‘e-Vita
diabetes 1.2" and ‘e-Vita diabetes CHF’ potential end users often called or emailed the helpdesk service
with the issue that personal data (e.g. medication usage) was missing. This indicates that potential end
users were often unaware about the fact that they had to fill in these personal data by their selves.
This caused confusion, whereas users were wondering why there were empty spaces for these data.
Such as for: medication usage or co-morbidities.
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3.2.4 Placing the e-Vita platform in the eCCM
In table 11. the PHRs were placed in the eCCM using qualitative data from the interviews, usability
tests and helpdesk service. In the table the problems with the PHR, obtained from the qualitative data,
which probably hinders the implementation and uptake of the PHR were categorized to the
components of the eCCM to which they belong. Besides, the feedback loop presented in the eCCM
required for productive interactions between the informed, activated patients and the prepared,
proactive healthcare professionals to provide tailored self-management was missing in all the PHRs.

Table 11. Placing the e-Vita platform in the eCCM.

Components of the eCCM Problems with the e-Vita platform
1. Self-management support Logging in
e Using the goal-setting/coaching feature
e Unclear buttons
e Communication with healthcare professionals was lacking
e Interaction between users and the system
2. Delivery of the system e Connection to other systems is missing
e Unclear navigation throughout the different features
e incomplete information regarding personal data/education
3. Clinical decision support e PHR did not meet the needs of the end users
e Health outcomes cannot be tracked for longer than 2 weeks,
restricting the healthcare professionals in making more suitable
treatment plans.
e Not integrated in their daily routines/ no reminders

4. Clinical information e Missing health data (e.g. of annual check-ups)

support e Patients were unaware that they had to fill in some data by their
selves.

5. EHealth education e Healthcare professionals found it hard to explain and promote the

platform e-Vita
e For both potential end users and healthcare professionals it was

unclear what was expected from them regarding the e-Vita platform.

3.2.5 Focus groups among healthcare professionals

The focus groups among healthcare professionals, in which it was discussed how the features:
monitoring, coaching, education and logistic support could be of added value in an interactive PHR,
recommended to create an better fit between the patients and the care process. This can be reached
by offering the features of an interactive PHR as connected parts. For example, the education feature
should be adjusted to the personalized health-related goals. Furthermore, it was recommended by the
healthcare professionals to use pre-consult questionnaires in the interactive PHR to obtain personal
information such as: complains, medical history etc., so during the consults there is more time left to
discuss issues like which goals they wanted to reach and together with the healthcare professionals
they can make the goals more visible. However, to get the right information on the right place it is
required that different healthcare system are connected to each other. Moreover, the healthcare
professionals mentioned that it was useful to give all involved healthcare professionals access to
relevant medical information to improve the treatment and assistance for the patients. Additionally,
it was also recommended that positive feedback and rewards are important to stimulate patients in
using the PHR. For example, healthcare professionals can make appointments with the patients about
on which timepoint feedback is provided.
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4. Discussion

The aim of current mixed methods study is to investigate (1) how PHRs for chronic conditions are used,
(2) to what extent the experiences of potential end users and their healthcare professionals fits the
components of the eCCM and (3) to what extent long-term usage of PHRs can be predicted. Therefore
we try to answer the following research questions:

How are PHRs for the chronic conditions: T2DM, COPD and CHF used to support self-management for
patients and the daily care routines for healthcare professionals?

Sub-questions:

» To what extent do the experiences of potential end users and their healthcare professionals,
with regard to the implementation of the PHRs, match the components of the eCCM?

» To what extent can long-term usage of PHRs be predicted?

An equal usage pattern across the sessions for the different PHRs is observed. A fast declining trend is
shown for the amount of sessions that is performed on the PHRs. However, participants with more
sessions more intensively used the different features which especially applies for the PHR were
intended usage is pursued. Problems hindering the implementation and uptake of the PHRs especially
belong to the components ‘clinical decision support’ and ‘eHealth education’ of the eCCM.
Furthermore, the feedback loop presented in the eCCM, required for interactions between the
healthcare professionals and patients to provide tailored self-management solutions, are for the
studied PHRs completely lacking. Additionally, the current research study shows that those who visited
all main features of a PHR have a higher probably to become long-term users.

4.1 Comparing the different e-Vita platforms

By comparing the different e-Vita platforms it is observed that all PHRs are used with an equal usage
pattern. The usage of the different features on the PHRs declined across the sessions. However, for
those who performed more than 27 sessions it is shown that they more intensively used the different
features. However, not on all the PHRs the different features are used to the same extent. Another
difference between the PHRs is the pursued intended usage which is only shown for ‘e-Vita CHF’.
Resulting in a large group of long-term users who keeps using the PHR. This effect is probably
supported by the healthcare professionals who regularly monitored the health values on ‘e-Vita CHF’.

4.2 The usage and experiences of PHRs in chronic care

The current research shows that most participants just logged in a few times. A declining trend appears
for the number of participants who performed more sessions on the PHRs. One of the explanations
could be that for some participants the e-Vita platform is not part of their daily routine and when they
do not receive reminders to use the e-Vita platform they forget to use it. Moreover, log data analysis
show that for ‘e-Vita diabetes 1.2’ sending reminders increased the number of sessions performed by
the participants of the next month. This corresponds to the finding from Solenhill et al. who reported
that sending reminders is an effective way of encouraging usage of an online web-based intervention
(60).

Besides, the declined trend can also be caused by the complexity of the system. On the PHRs users do

not know where to find or how to use the different functions. This is in accordance with the finding of
Kelders et al., who reported that too complex systems caused non adherence among the users (37).

28



However, the results shows that the participants with more (2 7) sessions have significant higher
percentages of usage for the different features on the PHRs. It can be concluded that those who
performed more sessions more extensively used the different features of the e-Vita platform and are
therefore more intense users according to Kelders et al. (38). Moreover, these findings corresponds to
the law of attrition by Eysenbach et al. which can be reflected in a curve showing first a fast decline of
participants who use an eHealth technology and then a more steady group of “hardcore” users (39).

For ‘e-Vita CHF’ the highest rate of participants who performed more (> 7) sessions is shown. The
finding can be explained by the fact that participants in the RCTs, to investigate the effect of the PHR
‘e-Vita CHF’ have to record some health values every day at a fixed time point. Thus for this PHR
intended use was provided and it is shown that uses do what is expected from them. For ‘e-Vita COPD’
also intended usage was provided by telling the participants that they should fill in a questionnaire at
some fixed time points. But, most of the participants did not follow this instruction. For maintaining
intended usage it is probably needed to involve the end users in making guideline for this.

From the interviews it is obtained that the healthcare professionals did not have insight in measured
health values for longer than 2 weeks. This hinders the healthcare professionals in making better
treatment plans. Furthermore, the usability tests revealed that for the end uses it is unclear where to
find some functions, which buttons should be used and how they can read health values from the
graphs. These problems shows that the component ‘clinical decision support’ of the eCCM was not
sufficient applied in the PHR e-Vita. ‘Clinical decision support’ is required for effective eHealth
technologies to integrate clinical care in daily practice that is consistent with scientific evidence and
patients preferences (35). Besides, this confirms that a holistic and ‘agile science approach’ to evaluate
the components of the PHRs with the end users continuously and as early in the development process
on is lacking. Subsequently, it could be concluded that the end users are minimally involved in the
development of the PHR e-Vita.

According to the interviews, healthcare professionals did not know how to integrate the PHR in clinical
practice and how it can be of added value. They experiences that they did not have enough knowledge
about how to use the different functions and how to explain them to their patients. The literature
study of Nazi et al. reported that it is important that healthcare professionals motivate the patients to
use eHealth technologies (61). However, from the interviews with the healthcare professional it was
obtained that they not know how to motivate the patients. Consequently, the patients did also not
know what is expected from them due to the lack of encouragement from the healthcare
professionals. Moreover, the helpdesk services received a lot of questions from the potential end users
about why data, for example medication usage was lacking. The patients are often unaware about the
fact that they have to fill in their own personal data. They thought the healthcare professionals will do
this. These problems shows that also the component ‘eHealth education’ of the eCCM was not
sufficient presented in the PHRs. A clear education, about how to use eHealth technologies, is needed
to ensure more effective usage (35).

Besides, this indicate that for an optimal usage of PHRs for self-management, both the healthcare

professionals and patients have to be motivated to keep using the intervention (61). When there is a
lack of communication between both groups the motivation and consequently the potential of self-
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management through an online PHR will decrease. However, the communication possibilities on
studied PHRs are minimal. Consequently, the end users reported about their need for communication.
Communication can be provided by means of personal or automated messages also called dialogues
(existing questions and answers). However, researchers found contractionary results about which
methods works best. Mohr et al. and Brouwer et al. reported that personalized communication from
a real person is more persuasive than automated feedback via dialogues (62, 63). However, Mira et al.
and Kelders et al. found that automated message which are provided by the technology are useful (64,
65).

When looking at differences between long and short- term users, it appears from the log data analysis
that visiting all main features of a PHR during the first sessions users performed independently is a
positive predictor for long-term usage. These results matches the findings of Kelders et al., who
reported that long-term users show more involvement with the intervention (38). Besides, it is also fits
the findings of current study that participants with more sessions (>7) have significantly higher
percentages of usage for the different features. The study of van Gemert-Pijnen et al. confirmed this
by the conclusion that high active users make more use of all content features (66).

4.3 Using the mixed methods approach and eCCM model as evaluation approach

The use of mixed methods as a research design in the health science domain enable researchers to
better understand complex systems and provides a framework for carrying out both quantitative and
qualitative approaches within a single research study (52). The in current study conducted mixed
methods study demonstrates complementarity; that is, qualitative results can provide insights in the
reasons behind use and non-use of the PHRs and provides explanations for the outcomes of the
guantitative data. The mixed methods approach provides researchers completer and more meaningful
data for the evaluation of PHRs through their synthesis of quantitative and quantitative findings.
However, the challenge of the in current research study conducted mixed methods approach lies in
the disparate nature of data from different data sources. It is challenging to synthesize quantitative
and qualitative data. Moreover, there are no evidence-based guidelines about how to synthesize the
data and in which place of the research process the synthesize have to be conducted (51).

For the analysis of the qualitative data the eCCM is used to structure the findings and identify which
components, required for an effective eHealth solution for chronic care, were not optimally presented
in the PHRs. However, it is unknown to what extent the eCCM is developed for implementing eHealth
solutions in secondary and transmural care. Transmural care is tailored to the needs of the patient in
which healthcare professionals from the primary and secondary care collaborate to improve the
quality of care (67). Nowadays, transmural care is becoming more and more important in chronic
disease management (67). Reasons for this are the increase in number of people living with multiple
chronic conditions (multimorbidity) which have complex needs that require the involvement of several
healthcare professionals (68). Although, the eCCM is an useful framework for evaluating eHealth
technologies, it is recommend to expand the eCCM before it can be used for future evaluations of PHRs
intended for secondary or transmural care.

4.4 Strengths & limitations

The first strength of the current research study is the mixed methods approach which used both
guantitative and qualitative research methods to identify how the PHRs are used. The results of current
research provide insights beyond the recently published literature into the usage of a PHR, because
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the PHRis placed in a wider perspective in which also the context of the technology and reasons behind
the use and non-use are investigated. The quantitative research data (log data) is used to objectively
identify usage of the different features of PHRs. By using qualitative data from different sources (e.g.
usability test, interviews.) it is possible to identify the experiences of potential end users and the
healthcare professionals who work with the PHRs. Subsequently, this qualitative data enabled the
research to investigate to what extent the PHRs fits the components of the eCCM. Secondly, the
outcomes of the mixed methods study are useful for understanding how the PHRs can be improved,
in such a way that participants can benefit more from the intervention. As last, the results shows that
for one of the PHRs a significant model with a high predictive ability to predict long-term usage is
created. This indicate that log data is a valuable data source for finding predictors for long-term usage.

Nevertheless, this research also has some limitations. The sample sizes for used quantitative and
qualitative data are small and selected. The small sample size is an consequence of the insufficient
implementation of the PHRs which is introduces by the minimal involvement of participants early in
the development process. Furthermore, participants were selected by their GP and only participants
who are interested to participate are included. Therefore, when not the whole population is enthusiast
to participate the sample is not representative for all users of the PHRs; which thus limits the
generalizability of the results and introduced selection bias. Moreover, due to the small sample size
the problem of complete separation appeared in the logistic regressions and the hosmer-lemowhow
test cannot been applied for all models. Although, some significant predictors have been identified the
predictive value of derived models remains low. But, current research study is rather explorative than
hypothesis testing, so the findings can be used to explore which features are potential predictors for
long-term usage of PHRs.

Furthermore, the log data is for some of the PHRs incomplete. For example, log data of the features
profile is not logged for all PHRs. Moreover, not all features and actions between the different PHRs
versions are exactly comparable. In ‘e-Vita diabetes 1.2’ there is on the goals feature also an action
possible to receive feedback from a coach which is not available on the other e-Vita platforms. The
lack and differences of log data partly limits the ability to generalize the results and to investigate the
usage of the e-Vita platform or predictors for long-term usage. However, on the other side it allows
researchers to compare the outcomes of the PHRs with the different functions. For future research it
is important to conduct a specific and complete log protocol that describes which features should be
logged to create a log data set that make sense for investigating the usage of a web-based PHR.

Besides, another limitation of the current study is the already collected qualitative data which is used
to explain the usage of the PHRs. The qualitative data is not collected in the same time period and from
the same participants as from whom the log data is collected. This may cause wrong interpretations of
the usage. For further studies with a mixed methods design it is recommended to collect qualitative
data in the same period from comparable participants and afterwards the quantitative data is analysis.
This allows researchers to obtain specific qualitative data which can interpret the unexplainable
identified quantitative data. Moreover, this will make the synthesis of the quantitative and qualitative
data easier.

The final limitation is that the eCCM, used for the evaluation of PHRs, not completely fit the transmural
care setting. This transmural care setting is becoming more common in chronic disease management

31



and studied PHRs are in the end also intended for transmural care settings. Within the transmural care
interaction and communication between all the involved disciplines is important (67). Therefore, a
component (e.g. health care management) designating that communication possibilities between the
different disciplines are needed, seems relevant to be added to the eCCM. Furthermore, a component
(e.g. health data analysis) to support computerized and online decision support based on the analysis
of patient data or clinical evidence for prevention, monitoring and treatment purposes may probably
be relevant. Proposed components are based on the categories which Barbabella et al. used to classify
different types of eHealth technologies for improving care for patients which have multiple chronic
conditions (68). For an expansion of the eCCM future and more evidence-based research is needed to
identify which components lacked in the eCCM to fit the transmural care.

4.5 Recommendations for improving PHRs in the future

Recommendations are designed based on the results and the evaluated components of the eCCM, to
make PHRs for chronic care in the future more persuasive and effective in clinical practice. In the end,
a more persuasive and effective platform is intended to motivate participants to keep using the PHRs
for self-management. The persuasive elements of the PSD-model from Harri Oinas-kukkonen can assist
in making the PHRs more persuasive (48).

I. First providing intended usage for using PHRs could be of great value. Recent study shows that on
the PHR were intended usage is provided it is expected that more engagement with the technology
will be reached by those who perused to visited the PHR on fixed time points (e.g. once a week) (45).
However, it is recommended to involve the end users by making the intended usage guidelines.
Besides, reminders as a persuasive element could be applied to remember the end users of the
intended usage.

Il. But, not only for making guidelines for intended usage the end users should be involved. It is
recommended that all end users should actively participate in the development of PHRs according to
the holistic approach, that is needed reported by the research of van Gemert-Pijnen (18). Therefore,
in the development of PHRs it is for example necessary to discuss with the end users about which
features have to be incorporated, how and in which logical order. Besides, also the name of buttons
seems to influence the usability of PHRs indicating that it is important to discuss with the end users
what are logical words for the different buttons and functions. Furthermore, it is recommended that
usability tests have to performed in an earlier stage in the development process. This will prevent
problems such as end users that did not know where to find some functions. Besides, by evaluating
the PHRs in an early stage the PHRs will better fit the daily care, since the PHRs takes into account the
needs and desires of the users, which will probably result is a greater adoption and motivation to use
PHRs for both the patients and healthcare professionals.

lll. Complete and well organized eHealth education is needed for both the patients and healthcare
professionals before the PHRs are used in practice. This eHealth education can be provided by means
of performing trainings sessions for the end users before they are going to use the PHRs. These
trainings sessions are needed to provide a clear explanation about what is expected from the end users
and how to use the different functions of the PHRs. During the trainings sessions it is needed that all
features are intensively used and enough guidance is present to assist the end users in walking through
all features. Moreover, assistance it needed about how to integrate the PHRs in daily work routines of
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the healthcare professionals and in the daily living of patients. A better eHealth education will in the
end lead to healthcare professionals who know what is expected from them and therefore can
motivate the patients to keep using the PHRs. Besides, probably also the patients themselves know
better what is expected from them and how to navigate throughout the PHR.

IV. Lastly, it is recommended to offer the main features of a PHR as connected parts and not as
independent elements according to the focus groups among healthcare professionals. Moreover,
tunnelling is the persuasive elements of the PSD-model of Oinas-kukkonen et al. which empathizes
that a technology should guide users in assessing all the important features of the PHRs (48).
Additionally, recent study shows that using all main features of a PHR is a positive predictor for long-
term usage. When the features of a PHRs will be offered as connected parts, as a consequence the
participants will be guided throughout all features in a logical and structured order.

The study of Kelders et al. confirmed this approach and recommended to connect different features
of a web-based intervention instead of adding them onto the intervention (38). To do this, it should
be considered on which main features of the PHR the most empathized should be put. For example,
the most emphasize can be put on setting health-related goals, since this main feature contributed to
a better understanding and involvement to the patients’ chronic condition. Based on the personalized
health-related goals and individual plan can be designed including: which health values should be
monitored, what kind of coaching is needed and which education parts are necessary. Such a
personalized approach is also a persuasive element of the PSD-model, which is important to
incorporate in PHRs. Technologies that offer personalized content have a greater capability for
involvement of the participants (48).

4.6 Future research of PHRs

Future mixed methods studies should be conducted to evaluate the usage and reasons behind use and
non-use of online PHRs, preferably with larger sample groups. Furthermore, it is relevant to investigate
what kind of triggers should be used to motivate the users to the keep using PHRs. For example, should
automated or personal messages been used to keep users motivated? Moreover, the analysis shows
us that there may be differences between long and short-term users. To confirm this, further research
with larger sample sizes and PHRs which are used for a longer time period should aim to identify
patterns which are related to long-term usage. Subsequently, identifying these patterns provides
opportunities to redesign PHRs to promote long-term usage.

Besides, in future research to evaluate eHealth interventions an ‘agile science approach’ should be
applied to continuous evaluate the different components of the PHRs. With the ‘agile science
approach’ it is possible to share more scientific findings early and often (42, 43). The ‘agile science
approach’ places greater emphasis on the need for a more iterative research process that better fits
the evaluation of complex eHealth technologies, such as PHRs. In addition, this continuous analysis
process ensures a more effective interventions that target the needs and desires of the end users. For
the ‘agile science approach’ future studies should also make use of more advanced analysis techniques
to identify which navigation route facilitates long-term usage of the PHR and which combination of
features works best for whom. For example, machine learning techniques can be applied to perform
log data analysis and to recognize and predict usage patterns automatically. These patterns
recognitions can be relevant to detect how participants navigate throughout the PHRs.

33



5. Conclusion

Equal usage patterns are shown for the PHRs. A fast declining trend is shown for the amount of sessions
that is performed on the PHRs and it is found that patients with more sessions more intensively used
the different features which especially applies for the PHRs were intended usage is pursued. Besides,
it can be concluded that a holistic and ‘agile science approach’ to evaluate the components of the PHRs
with the end users continuously and as early in the development process on is lacking. Even like the
feedback loop presented in the eCCM, required for interactions between the healthcare professionals
and patients to provide tailored self-management solutions. For the evaluations of PHRs it can be
concluded that a mixed methods approach contributed positively to investigating the usage and the
reasons behind use and non-use. Furthermore, placing the PHR in the eCCM is of great value to take
into account the context of the technology and to identify which components needed improvements
to make PHRs more persuasive. However, future studies should focus on how the eCCM can be
expanded to fit the transmural care setting.

34



References

1. Ferrucci L, Giallauria F, Guralnik JM. Epidemiology of aging. Radiol Clin North Am.
2008;46(4):643-52, v.

2. WHO. Global health and aging. October 2001. NIH publiction no. 11-7737. Available via:
http://www.who.int/ageing/publications/global health.pdf. Consulted on: 24th July 2017.

3. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and
2030. Diabetes Res Clin Pract. 2010;87(1):4-14.

4, Schulman-Green D, Jaser S, Martin F, Alonzo A, Grey M, McCorkle R, et al. Processes of self-
management in chronic illness. J Nurs Scholarsh. 2012;44(2):136-44.

5. Lunenfeld B, Stratton P. The clinical consequences of an ageing world and preventive
strategies. Best Pract Res Clin Obstet Gynaecol. 2013;27(5):643-59.

6. Talboom-Kamp EP, Verdijk NA, Harmans LM, Numans ME, Chavannes NH. An eHealth
Platform to Manage Chronic Disease in Primary Care: An Innovative Approach. Interact J Med Res.
2016;5(1):e5.

7. Sandra H. van Oostrom, H. Susan J. Picavet, Boukje M. van Gelder, Lidwien C. Lemmens,
Nancy Hoeymans, Robert A. Verheij, Frangois G. Schellevis en Caroline A. Baan. Multimorbiditeit en
comorbiditeit in de Nederlandse bevolking — gegevens van huisartsenpraktijken. Ned Tijdschr
Geneeskd. 2011;155:A3193.

8. Federation ID. Internalional Diabetes federation. The Netherlands. 2015.

9. NIVEL Zorgregistraties eerste lijn. Prevalentie van hartfalen in de huisartsenpraktijk. 2015.
Available via: https://www.volksgezondheidenzorg.info/onderwerp/hartfalen/cijfers-
context/huidige-situatie#fnode-prevalentie-van-hartfalen-de-huisartsenpraktijk Consulted on: 12th
April 2017.

10. NIVEL Zorgregistraties eerste lijn. Prevalentie COPD naar leeftijd en geslacht. 2015. Available
via: https://www.volksgezondheidenzorg.info/onderwerp/copd/ciifers-context/huidige-
situatie##fnode-prevalentie-copd-naar-leeftijd-en-geslacht Consulted on: 24th March 2017. .

11. van Oostrom SH, Gijsen R, Stirbu |, Korevaar JC, Schellevis FG, Picavet HS, et al. Time Trends
in Prevalence of Chronic Diseases and Multimorbidity Not Only due to Aging: Data from General
Practices and Health Surveys. PLoS One. 2016;11(8):e0160264.

12. Idenburg PJ, van Schaik M, de Weerdt |. Diagnose diabetes 2025: over de toekomst van de
Nederlanse diabeteszorg. Schiedam. Scriptum; 2012.
13. Fletcher B, Gulanick M, Lamendola C. Risk factors for type 2 diabetes mellitus. J Cardiovasc

Nurs. 2002;16(2):17-23.

14. Del Gobbo LC, Kalantarian S, Imamura F, Lemaitre R, Siscovick DS, Psaty BM, et al.
Contribution of Major Lifestyle Risk Factors for Incident Heart Failure in Older Adults: The
Cardiovascular Health Study. JACC Heart Fail. 2015;3(7):520-8.

15. CDC. Smoking and COPD. 2013. Available via:
https://www.cdc.gov/tobacco/campaign/tips/diseases/copd.html#three Consulted on: 13th March
2017.

16. Buist AS, Vollmer WM, McBurnie MA. Worldwide burden of COPD in high- and low-income
countries. Part |. The burden of obstructive lung disease (BOLD) initiative. Int J Tuberc Lung Dis.
2008;12(7):703-8.

17. Pagliari C, Sloan D, Gregor P, Sullivan F, Detmer D, Kahan JP, et al. What is eHealth (4): a
scoping exercise to map the field. ] Med Internet Res. 2005;7(1):e9.

18. van Gemert-Pijnen JE, Nijland N, van Limburg M, Ossebaard HC, Kelders SM, Eysenbach G, et
al. A holistic framework to improve the uptake and impact of eHealth technologies. ] Med Internet
Res. 2011;13(4):e111.

19. Eysenbach G. What is e-health? J Med Internet Res. 2001;3(2):E20.

20. Crossing the Quality Chasm: A New Health System for the 21st Century. Washington DC:
2001 by the National Academy of Sciences; 2001.

35


http://www.who.int/ageing/publications/global_health.pdf
https://www.volksgezondheidenzorg.info/onderwerp/hartfalen/cijfers-context/huidige-situatie#node-prevalentie-van-hartfalen-de-huisartsenpraktijk
https://www.volksgezondheidenzorg.info/onderwerp/hartfalen/cijfers-context/huidige-situatie#node-prevalentie-van-hartfalen-de-huisartsenpraktijk
https://www.volksgezondheidenzorg.info/onderwerp/copd/cijfers-context/huidige-situatie#node-prevalentie-copd-naar-leeftijd-en-geslacht
https://www.volksgezondheidenzorg.info/onderwerp/copd/cijfers-context/huidige-situatie#node-prevalentie-copd-naar-leeftijd-en-geslacht
https://www.cdc.gov/tobacco/campaign/tips/diseases/copd.html#three

21. van Gemert-Pijnen JE. In: van Gemert-Pijnen JE, Peters O, Ossenbaard HC, editors. Improving
eHealth. The Hague: Eleven International Publishing; 2013.

22. Ross J, Stevenson F, Lau R, Murray E. Factors that influence the implementation of e-health: a
systematic review of systematic reviews (an update). Implement Sci. 2016;11(1):146.

23. Huygens MWJ, Vermeulen J, Swinkels ICS, Friele RD, van Schayck OCP, de Witte LP.
Expectations and needs of patients with a chronic disease toward self-management and eHealth for
self-management purposes. BMC Health Services Research. 2016;16(1 %@ 1472-6963):232.

24, Whittemore R, Dixon J. Chronic illness: the process of integration. J Clin Nurs.
2008;17(7B):177-87.

25. Hunt CW. Technology and diabetes self-management: An integrative review. World J
Diabetes. 2015;6(2):225-33.

26. Bourbeau J, Collet JP, Schwartzman K, Ducruet T, Nault D, Bradley C. Economic benefits of
self-management education in COPD. Chest. 2006;130(6):1704-11.

27. Toukhsati SR, Driscoll A, Hare DL. Patient Self-management in Chronic Heart Failure -

Establishing Concordance Between Guidelines and Practice. Card Fail Rev. 2015;1(2):128-31.

28. Wells S, Rozenblum R, Park A, Dunn M, Bates DW. Personal health records for patients with
chronic disease: a major opportunity. Appl Clin Inform. 2014;5(2):416-29.

29. Tang PC, Ash JS, Bates DW, Overhage JM, Sands DZ. Personal health records: definitions,
benefits, and strategies for overcoming barriers to adoption. J Am Med Inform Assoc.
2006;13(2):121-6.

30. Archer N, Fevrier-Thomas U, Lokker C, McKibbon KA, Straus SE. Personal health records: a
scoping review. J Am Med Inform Assoc. 2011;18(4):515-22.

31. Detmer D, Bloomrosen M, Raymond B, Tang P. Integrated Personal Health Records:
Transformative Tools for Consumer-Centric Care. BMC Medical Informatics and Decision Making.
2008;8(1 %@ 1472-6947):45.

32. Pagliari C, Detmer D, Singleton P. Potential of electronic personal health records. BMJ.
2007;335(7615):330-3.
33. Price M, Bellwood P, Kitson N, Davies |, Weber J, Lau F. Conditions potentially sensitive to a

personal health record (PHR) intervention, a systematic review. BMC Med Inform Decis Mak.
2015;15:32.

34, Davy C, Bleasel J, Liu H, Tchan M, Ponniah S, Brown A. Effectiveness of chronic care models:
opportunities for improving healthcare practice and health outcomes: a systematic review. BMC
Health Serv Res. 2015;15:194.

35. Gee PM, Greenwood DA, Paterniti DA, Ward D, Miller LM. The eHealth Enhanced Chronic
Care Model: a theory derivation approach. J Med Internet Res. 2015;17(4):e86.

36. Harvey J, Dopson S, McManus RJ, Powell J. Factors influencing the adoption of self-
management solutions: an interpretive synthesis of the literature on stakeholder experiences.
Implement Sci. 2015;10:159.

37. Kelders SM, Kok RN, Ossebaard HC, Van Gemert-Pijnen JE. Persuasive system design does
matter: a systematic review of adherence to web-based interventions. ] Med Internet Res.
2012;14(6):e152.

38. Kelders SM, BohIimeijer ET, Van Gemert-Pijnen JE. Participants, usage, and use patterns of a
web-based intervention for the prevention of depression within a randomized controlled trial. ] Med
Internet Res. 2013;15.

39. Eysenbach G. The law of attrition. ] Med Internet Res. 2005;7(1):e11.

40. Cowie MR, Bax J, Bruining N, Cleland JG, Koehler F, Malik M, et al. e-Health: a position
statement of the European Society of Cardiology. Eur Heart J. 2016;37(1):63-6.

41. Black AD, Car J, Pagliari C, Anandan C, Cresswell K, Bokun T, et al. The impact of eHealth on
the quality and safety of health care: a systematic overview. PLoS Med. 2011;8(1):e1000387.

42. Patrick K, Hekler EB, Estrin D, Mohr DC, Riper H, Crane D, et al. The Pace of Technologic
Change: Implications for Digital Health Behavior Intervention Research. Am J Prev Med.
2016;51(5):816-24.

36



43, Hekler EB, Klasnja P, Riley WT, Buman MP, Huberty J, Rivera DE, et al. Agile science: creating
useful products for behavior change in the real world. Transl Behav Med. 2016;6(2):317-28.

44, Freyne J, Saunders I, Brindal E, Berkovsky S, Smith G. Factors associated with persistent
participation in an online diet intervention. CHI '12 Extended Abstracts on Human Factors in
Computing Systems; Austin, Texas, USA: ACM; 2012.

45, Nijland N, van Gemert-Pijnen JE, Kelders SM, Brandenburg BJ, Seydel ER. Factors influencing
the use of a Web-based application for supporting the self-care of patients with type 2 diabetes: a
longitudinal study. ] Med Internet Res. 2011;13(3):e71.

46. Lilford RJ, Foster J, Pringle M. Evaluating eHealth: how to make evaluation more
methodologically robust. PLoS Med. 2009;6(11):e1000186.

47. Fogg BJ. Persuasive Technology: Using Computers to Change What We Think and Do: Morgan
Kaufmann Publishers Inc.; 2002. 312 p.

48. Oinas-Kukkonen H, Harjumaa M. Persuasive Systems Design: Key Issues, Process Model, and
System Features. Commun Assoc Inf Syst. 2009;24(1):28.

49, Wagenaar KP, Broekhuizen BD, Dickstein K, Jaarsma T, Hoes AW, Rutten FH. Effectiveness of
an interactive platform, and the ESC/HFA heartfailurematters.org website in patients with heart
failure: design of the multicentre randomized e-Vita heart failure trial. Eur J Heart Fail.
2015;17(12):1310-6.

50. Roelofsen Y, Hendriks SH, Sieverink F, van Vugt M, van Hateren KlJ, Snoek FJ, et al. Design of
the e-Vita diabetes mellitus study: effects and use of an interactive online care platform in patients
with type 2 diabetes (e-VitaDM-1/ZODIAC-40). BMC Endocrine Disorders. 2014;14(1 %@ 1472-
6823):22.

51. Curry LA, Krumholz HM, O'Cathain A, Plano Clark VL, Cherlin E, Bradley EH. Mixed methods in
biomedical and health services research. Circ Cardiovasc Qual Outcomes. 2013;6(1):119-23.

52. Sockolow P, Dowding D, Ranell R, Favela J. Using Mixed Methods in Healht information
Technology Evaluation. Nursing informatics 2016; 225: 83-87.

53. Creswell JW, Fetters MD, lvankova NV. Designing a mixed methods study in primary care.
Ann Fam Med. 2004;2(1):7-12.

54. Fiorini L, Griffiths A, Houdmont J. MIXED METHODS RESEARCH IN THE HEALTH SCIENCES: A
REVIEW. Malta Journal of Health Sciences. 2016: 35-45 p.

55. Han JY. Transaction logfile analysis in health communication research: challenges and
opportunities. Patient Educ Couns. 2011;82(3):307-12.

56. Sieverink F, Kelders SM, Braakman-Jansen LM, van Gemert-Pijnen JE. The Added Value of Log
File Analyses of the Use of a Personal Health Record for Patients With Type 2 Diabetes Mellitus:
Preliminary Results. J Diabetes Sci Technol. 2014;8(2):247-55.

57. Sieverink F, Kelders S, Poel M, van Gemert-Pijnen L. Opening the Black Box of Electronic
Health: Collecting, Analyzing, and Interpreting Log Data. JMIR Res Protoc 2017;6 (8):e156

58. Bossen D, Buskermolen M, Veenhof C, de Bakker D, Dekker J. Adherence to a web-based
physical activity intervention for patients with knee and/or hip osteoarthritis: a mixed method study.
J Med Internet Res. 2013;15(10):e223.

59. Jaspers MW. A comparison of usability methods for testing interactive health technologies:
methodological aspects and empirical evidence. Int J Med Inform. 2009;78(5):340-53.

60. Solenhill M, Grotta A, Pasquali E, Bakkman L, Bellocco R, Trolle Lagerros Y. The Effect of
Tailored Web-Based Feedback and Optional Telephone Coaching on Health Improvements: A
Randomized Intervention Among Employees in the Transport Service Industry. ] Med Internet Res.
2016;18(8):e158.

61. Nazi KM. The personal health record paradox: health care professionals' perspectives and the
information ecology of personal health record systems in organizational and clinical settings. ] Med
Internet Res. 2013;15(4):e70.

62. Mohr DC, Cuijpers P, Lehman K. Supportive accountability: a model for providing human
support to enhance adherence to eHealth interventions. J Med Internet Res. 2011;13(1):e30.

37



63. Brouwer W, Crutzen R, de Nooijer J, de Vries N, Brug J. What makes people decide to visit
and use an internet-delivered behavior-change intervention? Health Educ. 2009;109.

64. Mira A, Breton-Lopez J, Garcia-Palacios A, Quero S, Banos RM, Botella C. An Internet-based
program for depressive symptoms using human and automated support: a randomized controlled
trial. Neuropsychiatr Dis Treat. 2017;13:987-1006.

65. Kelders SM, Pots WT, Oskam MJ, Bohlmeijer ET, van Gemert-Pijnen JE. Development of a
web-based intervention for the indicated prevention of depression. BMC Med Inform Decis Mak.
2013;13:26.

66. Van Gemert-Pijnen JE, Kelders SM, Bohlmeijer ET. Understanding the usage of content in a
mental health intervention for depression: an analysis of log data. ] Med Internet Res.
2014;16(1):e27.

67. Cruz-Cunha M, Tavares A, Simoes R. Handbook of Research on developments in E-Health and
Telemdicine: Technological and Social Perspectives. IGI global: Hershey; 2010. p. 411.
68. Barbabella F. How can eHealth imrpove care for people with multimorbidity in Europe? Policy

brief on behalf of the ICARE4EU consortium 2017. Available via:
http://www.icaredeu.org/pdf/PB 25.pdf consulted on 30th November 2017.

38


http://www.icare4eu.org/pdf/PB_25.pdf

Appendix A: Screenshots of the web-based PHR ‘e-Vita diabetes 1.2’ and ‘e-Vita CHF’

Screenshot of home-page

In figure 1. a screenshot of the home-page of ‘e-Vita diabetes 1.2’ is shown, with the specified main

features investigated in this research study. The content of this e-Vita platform is comparable with

the features included in ‘e-Vita CHF'. Except, ‘e-Vita CHF’ did not contain the goals feature, but
included the main feature medication use (not shown in this appendix).

» Udtloggen . » Muyn nstelingen
V't » Contact ¥ Demo &-Vita
Jvita

Startpagina
& = I ————
Jaarcontroles inzien
1. Main feature ‘monitoring’
Gezondheid verbeteren 2 1 2. Main feature ‘goal-setting/coaching’

Meetwaarden bijhouden
Kennis vergroten

Extra informatie

In addition, also screenshots of actions that can be performed on the different main features are
shown below. This screenshots belong to ‘e-Vita diabetes 1.2’, but on ‘e-Vita CHF’ corresponding
actions can be performed.

Screenshot of actions on main component ‘monitoring’
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Screenshot of action on main feature ‘goal-setting/coaching’
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Appendix B: Screenshots of the web-based PHR ‘e-Vita diabetes 2.0" and ‘e-Vita COPD’

Screenshot of home-page

Below a screenshot of the home-page of ‘e-Vita diabetes 2.0’ is shown, with the specified main
features investigated in this research study. The content of this e-Vita platform is comparable with
the components included in ‘e-Vita COPD’. Some features can be accessed by different ways, for
example via the home-page but also via a button for a main feature, also shown below.
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Screenshot of actions on main feature ‘monitoring’
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Screenshot of actions on main feature ‘goal-setting/coaching’
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