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Chapter 7

The health care landscape, especially in primary care, demands a transformation in 
response to several factors, such as the increasing complexity of medical needs and a 
growing aging population. This transformation is essential for upholding the delivery 
of high-quality health care that remains accessible to all. eHealth presents opportuni-
ties for improving the accessibility of health care services by empowering individuals 
to manage their health through self-management. The overarching goal of this thesis 
was to examine whether different online services that provide direct access to care 
are usable and effective for patients and citizens. Different online services were inves-
tigated in different settings and with different users, with or without the involvement 
of health care professionals. Chapters 2 through 5 investigated the use and usability 
of direct access to different diagnostic test services. Chapter 2 presented a scientific 
overview of available online direct access to test and result services. Chapter 3 com-
pared an online triage service with the decision-making process of general practition-
ers (GPs). Chapters 4 and 5 examined two different kinds of direct access to diagnostic 
tests and result services to investigate the use and usability of those online services. 
Lastly, Chapter 6 evaluated the effectiveness of an online self-management service, 
which was implemented in the daily practice of a pharmacy. With medication dispens-
ing data, the effectiveness of medication adherence as well as exacerbation rates were 
evaluated.

Main findings
The services explored in this thesis were found to demonstrate positive outcomes for 
direct access to care services in different settings. Overall, usage rates were high, and 
the patients or citizens who utilized the services were satisfied. However, it remains 
crucial to ensure that online services align with the needs of the target population for 
their effective utilization [1]. For most studies in this thesis, a preference was found 
among younger populations for using online services, rather than among older popu-
lations. The following paragraphs summarize the main findings for each chapter.
Chapter 2 systematically assessed the availability and usage of direct online access 
to diagnostic tests and result services. Specifically, the study focused on direct access 
for patients to (a) web-based triage that leads to diagnostic testing, (b) self-sampling 
or testing options, and/or (c) test results. The results indicated that the online ser-
vices were highly used and that follow-up rates were high, indicating that users who 
ordered diagnostic tests online and tested positive were adequately linked to treat-
ment. In total, 31 different services were discussed in 45 research studies. Most of the 
services offered direct access to sexually transmitted infections (STIs) testing and were 
used by a younger population. The acceptability and usability of the diagnostic test 
services were high, and there was a preference for home-based testing instead of clin-
ic-based testing. More research is required in the field of diagnostic testing services for 
diseases other than STIs. 
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The first part of direct access to diagnostic tests and result services is often tri-
age. Chapter 3 compared an online triage tool for STI testing and GPs’ decision-mak-
ing process through a qualitative vignette study. The online triage tool had a higher 
adherence to guidelines, while GPs considered patient preferences. It could be stated 
that GPs had a more holistic view of their patient, while the online triage tool adhered 
strictly to guidelines. Further research on this topic could provide a deeper under-
standing of the validity of online triage tools. When an online triage tool works for 
a diagnostic test, it could probably be used to reduce GPs’ work pressure, thereby 
increasing access to care [2]. To explain, online triage could efficiently sort patients 
based on the severity of their symptoms. Patients with less urgent issues could be 
directed to appropriate self-care or self-testing resources, while patients with more 
serious concerns could be prioritized for immediate attention. This could help GPs to 
focus their time and expertise on patients who need it the most. 

Next, Chapter 4 evaluated the usability of an online platform through which citi-
zens can order diagnostic tests independently of a health care professional. The online 
triage tool from Chapter 3 was part of this service. Citizens participated in focus groups 
where information about the usability of the service was gathered. The amount of 
information provided as well as the comprehension (inclusion of medical terms) and 
user friendliness of the online service were identified as key elements that influence 
the usability of the eHealth service. The study also examined the needs of citizens for 
such a service to assist us in understanding why individuals would choose or prefer 
the website over visiting a GP. Mainly the younger population would use a website 
like Directlab Online for ordering diagnostic tests, while the older participants would 
rather visit their GP to address their health-related questions.

Then, Chapter 5 introduced Homelab, an eHealth service that allows patients from 
affiliated GP practices to independently order diagnostic tests under the online guid-
ance of their own GP. The service’s use and usability were evaluated through a quan-
titative questionnaire, which was implemented after patients used the service. The 
service’s usability was perceived as above average by patients of all age groups, but 
particularly among younger patients. The average usability score was higher in the 
younger age group than in the older age group. Gender differences did not appear 
to exist in the perceived usability of Homelab. Furthermore, Homelab was used the 
most during the COVID-19 lockdown. Additionally, patients expressed a desire to use 
Homelab again in the future and as a substitute for regular consultations. This indicates 
that a service like Homelab can contribute to more accessible and efficient health care 
by reducing consultations. 

Lastly, Chapter 6 investigated the effect of a pharmacy-based eHealth ser-
vice designed for asthma and COPD patients, namely SARA. Medication dispensing 
data were used in a pre–post study to obtain insights into the effects of the service. 
Outcomes were assessed one year before and one year after the use of SARA and 
compared between users and non-users. The study revealed that the online service 
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SARA had the potential to assist in the self-management of asthma and COPD patients, 
resulting in decreased exacerbation rates and improved inhaled medication adher-
ence. Especially in chronic users of inhaled medication, an increase in medication 
adherence was visible compared with controls. SARA users were, in general, younger 
than the non-users; however, their mean age was approximately 60 years.

Lessons learned 
Based on the studies presented in this thesis and conversations with patients and 
health care professionals, some lessons were learned about the implementation of 
online services. They are described in the following paragraphs.

First, the (perceived) reliability of the online service is important. This lesson is 
derived from Chapter 4, which delved into Directlab Online and highlighted that the 
launch and implementation of an online service do not guarantee its usage or appre-
ciation. For citizens to embrace an online service, it must be perceived as reliable 
and user-friendly as well as deliver tangible benefits that users can readily perceive. 
Furthermore, considering that Directlab Online operates as a website for citizens with-
out direct involvement from health care professionals, it was difficult for citizens to 
trust the service as a reliable resource. To ensure that a service like Directlab Online 
works, the service’s reliability should be clear to users. Thus, it is beneficial to let users 
know that health care professionals were involved in the service. 

The second lesson is that the needs of users can differ from the wishes of other 
stakeholders, and it is crucial to discuss those differences. For example, in Chapter 4, 
GPs wanted to have very detailed medical information on the online service; how-
ever, in the focus groups, the users highlighted that most of the information was not 
particularly helpful and that the amount of difficult information was perceived as a 
barrier to using the service. According to the users, information about privacy and the 
benefits of the service compared with visiting a GP was lacking. Thus, it is critical to 
co-create services with all relevant stakeholders to make the online service usable and 
effective [3]. Ultimately, a balance between the wishes and needs of all stakeholders 
must be found [4]. 

The third lesson is that the service must be as easy as possible for all users – both 
patients and health care professionals. During conversations with GPs for Chapter 5, I 
encountered a barrier related to the navigation of a novel digital environment, a find-
ing that aligns with previous research regarding GPs’ attitudes and experiences with 
online services [5]. Consequently, GPs would rather not use Homelab. Future endeav-
ors should consider accommodating diverse login procedures and assuring GPs that 
the online services will seamlessly integrate with their existing suite of applications 
and workflows [6]. In addition, these future endeavors should consider laws and reg-
ulations to ensure privacy and security. Moreover, training for GPs in how to use the 
online service could help to make it as easy as possible for them to use [6]. The usabil-
ity of the service is also critical for enabling patients and citizens to use it, as derived 
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from Chapters 4 and 5. The service must be as easy as possible for patients to use. 
For example, as found in Chapter 4, many elements of the service could be improved 
to increase its usability, such as information provision and the use of difficult terms. 
Those factors influenced the use and usability of the service negatively and should 
be considered when developing an online service. Crucial aspects to consider are lan-
guage, the amount of information, colors, and the general look and feel of the website. 
As discussed in the previous paragraph, co-creation could help to optimize the usabil-
ity of the service during development. 

Lastly, a good implementation of an online service takes time, as seen in the 
Homelab study in Chapter 5. In the first months of Homelab’s implementation, the 
service was barely used. It took time for patients to find the service and use it. For 
developers, project managers, and health care professionals, it remains important to 
be patient and to let patients get used to the service. It could be beneficial to help 
patients navigate through the service or provide leaflets with information about it. 

Implications 
In general, as highlighted in the introduction and discussion chapters of this thesis, a 
need exists for increased accessibility to health care. The online services examined in 
this thesis could contribute to more efficient work processes, and they also increased 
the role of the patient through self-management, which demonstrates their potential. 
The online services exhibited the potential to improve the management of relatively 
uncomplicated cases, such as STI testing, through using online triage, ordering tests 
online, and receiving results online. This innovative approach can optimize the allo-
cation of GPs’ time resources, allowing them to dedicate a greater proportion of their 
efforts to the provision of care for more complex medical conditions and patients. 
However, it is imperative to acknowledge that while this perspective presents a prom-
ising vision for the future of health care delivery, the efficacy and safety of such services 
necessitate rigorous validation through comprehensive research endeavors. Further 
investigation is warranted to ascertain the feasibility, reliability, and overall impact of 
these online services on patient outcomes and health care utilization. 

The online triage tool (Chapter 3), used in two of the services examined in this 
thesis, presented advice based on input from the patient, and the service was then 
able to present medical advice based on medical guidelines. It would be interesting 
to also consider the patient’s medical history in the online triage tool (eg, medication 
use). Thus, the online tool could be more personalized for every patient and provide 
better advice on what kind of care is necessary for a specific patient. In addition, for 
every online service discussed in this thesis, it could be beneficial to make them more 
personalized. For example, for SARA, it would be a valuable enhancement if the inter-
vention had input about the user’s medication usage and any other relevant medica-
tion conditions. If this additional medical information was input into the service, SARA 
could offer more comprehensive information and guidance to the patient and health 
care professional concerning their medication regimen and overall health situation. 
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An interesting finding derived from Chapter 4 is that participants expressed a 
preference for the involvement of a health care professional in the process of order-
ing diagnostic tests, as this heightened the perceived level of reliability in the service. 
Noteworthily, the health care professional does not necessarily have to be their own 
GP, as citizens highlighted during the focus groups. In the Netherlands, every citizen 
currently has a specific GP, and sometimes their GP is unable to accommodate them 
due to a lack of available appointment slots. From the focus groups, the observa-
tion that a patient does not necessarily want to visit his or her own GP suggests that 
patients could be redistributed among various GPs, potentially alleviating the work-
load in specific geographic areas. The ability to distribute care is desirable because 
some regions of the Netherlands do not have enough health care professionals [7]. 
Moreover, the finding of patients’ preference to not necessarily want to consult their 
own GP underscores a receptiveness among citizens to transformative shifts within 
health care. Specifically, it implies a readiness for potential changes in the role of the 
GP in the coming years. 

In the study in Chapter 5, dialogues were conducted with GPs concerning 
Homelab. They revealed that the GPs exhibited a profound sense of responsibility for 
all online interactions with their patients. They underscored the enduring nature of 
their responsibility for their patients’ well-being. Consequently, Homelab could offer 
significant advantages if GPs were granted the capability to review the outcomes of 
online triage and not only the advice of the triage (response of the patient for each 
question), thereby enabling them to assess patients’ responses to specific questions. 
This potential feature could potentially enhance GPs’ sense of control over patient care 
and facilitate a more nuanced understanding of patients’ specific health complaints. 

Here, I wish to emphasize that eHealth is not the solution for all health care chal-
lenges, nor should it be regarded as the holy grail. Nevertheless, enormous potential 
exists for favorable outcomes if health care professionals embrace online services. 
Noteworthily, the development and implementation of robust online services require 
a significant investment of time and resources, as corroborated by the findings in 
Chapter 5 and by other relevant research on the implementation of eHealth [8]. As 
delineated in Chapter 5, the initial months following the introduction of Homelab 
witnessed a limited uptake, with a scarcity of test packages being ordered. However, 
as Homelab became a more integral component of health care provision over time, 
its utilization steadily increased. The assimilation of Homelab into routine health care 
practices provides an opportune avenue for investigating its cost-effectiveness. A sim-
ilar rationale holds for the online intervention SARA. 

The effectiveness of SARA was researched in Chapter 6. SARA appeared to be a 
potentially effective method for increasing medication adherence in asthma and 
COPD patients through online self-management. The self-management intervention 
could be expanded to other chronic diseases to reduce the disease burden by increas-
ing medication adherence. Non-adherence to medication in chronically ill patients is 
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a common problem, not only in asthma and COPD patients [9]. If a self-management 
intervention like SARA could assist in increasing adherence, it could reduce the disease 
burden and possibly also the work pressure in health care. 

In this thesis, it appeared that all of the examined online services were used more 
by younger participants, and the usability was also better perceived by the younger 
population (Chapters 2, 4, 5, and 6), which is in line with earlier research about eHealth 
services [10-12]. One could posit that online services are more aligned with the require-
ments and/or proficiencies of a younger demographic, which suggests that online 
services may not be universally applicable. However, it is imperative to underscore 
several key considerations in this context. First, Chapters 2, 4, and 5 involved services 
where STI testing is mostly used. Since STIs mainly occur in people below the age 
of 30 years, it is logical that younger patients would appreciate such online services 
more than a population with higher age [13]. Second, although the online services 
were more highly appreciated by the younger population, some services were also 
used by a relatively higher age group. For example, for Homelab, the mean age was 
approximately 40 years. The usability was scored lower among patients in the higher 
age group than in the below-40 age group, but both groups reported good usabil-
ity [14]. Third, the mean age of the population in SARA was approximately 60 years, 
which was comparatively higher than the mean age in the other studies of this thesis. 
Nevertheless, the mean age of 60 years aligns well with the COPD population that 
SARA was made for [15], but it was found to be effective. In line with this finding, sim-
ilar findings were found for another online service with videos explaining the most 
essential information from package leaflets for medication [16]. Specifically, two-thirds 
of the population were aged above 55 years [16]. Here as well, the research demon-
strated that the younger population experienced more valuable additions (eg, saw 
the benefit) to the website than the population with a higher age. However, all users 
of the website were positive in general [16]. Some studies found that, especially in an 
older population, the online service had more of an effect than in the youngest popu-
lation [17]. With the increasing technological competence of the elderly, eHealth could 
become more suitable for all [18]. In addition, tailored and more personalized online 
services could improve their accessibility [19]. Research findings have indicated that 
co-creation can increase effectiveness and contribute positively to implementation 
[18, 20]. Concretely, this means that there must be even more co-creation with a more 
diverse group of users to increase the accessibility and use of online services. Only 
then can online services provide a potential strategy for changing the general acces-
sibility of health care. 

Furthermore, while primary health care is lagging in digitization, we still observed 
a significant reliance on non-digital equipment, including administrative tasks [21]. 
While some general practices have embraced online operations or established effec-
tive means of digital communication through scientifically validated eHealth solutions, 
these instances remain exceptions rather than the norm. Health care professionals in 
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primary care are facing multiple related issues, such as a lack of time and resources 
[22]. Scientifically validating online services could play a crucial role in identifying 
both benefits and obstacles to the responsible expansion of online services in health 
care. Identifying benefits and obstacles is essential for ensuring that these services not 
only work effectively in practice but also integrate seamlessly into the daily routines 
of health care professionals, addressing any associated barriers [23]. As mentioned 
earlier, scientific validation is needed to guarantee that these services align with the 
needs of health care professionals and serve as practical tools for enhancing patient 
care. 

Strengths and limitations
A notable strength of this thesis is that all of the studies pertained to online services 
that were implemented or subjected to pilot programs in authentic real-world settings, 
within the realm of daily practice. None of them were in experimental environments or 
specific populations. Notably, the generalizability of real-world studies is higher than 
that of randomized controlled trials (RCTs) [24]. In addition, this thesis underscores the 
importance of consistently considering the requirements, inclinations, and facilitators 
that enable users to effectively engage with online services. By doing so, these ser-
vices could benefit both patients and health care professionals, ensuring that the right 
assistance for the GP is provided in the appropriate manner. 

A general limitation of online service research lies in the duration required for 
research and implementation as well as the pace of innovation. The studies presented 
in this thesis were conducted between 2020 and 2023. However, the rapid pace of 
development of Internet-related technologies – and thus of online services – poses 
a challenge in maintaining pace with the day-to-day tools used by patients [25]. This 
limitation changed, for example, the relevance of one of our studies; specifically, dur-
ing the comparison between an online triage tool and the decision-making process of 
a GP, it became evident that an artificial intelligence chatbot could serve as an effec-
tive machine for answering health-related questions [26]. Highlighting the difficulty of 
aligning scientific research with the constantly evolving technologies used by patients, 
a significant concern was that the tools under investigation could already have been 
outdated by the time the research concluded. Especially for online services, it could be 
beneficial to deviate from the golden standard of RCTs to validate new services and 
research their effectiveness [27]. RCTs require a significant amount of time and money. 
As previously stated, time is not always available in the quickly changing digital world 
[25]. For online services, RCTs do not often fit with the large group of different kinds 
of users whom one would want to include to use one’s service; in other words, the 
external validity of RCTs does not fit with that for online services [28]. Online services 
are used in a real-life environment where confounding factors cannot be anticipated 
[29]. Other methods for scientifically analyzing online services can be recommended 
depending on the research goal [30]. Differences can be made in different phases 
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– namely conceptual, design and usability, implementation, effectiveness, and fea-
sibility. Specifically, a feasibility study (used to estimate critical parameters required 
for the main study) would not evaluate the service, while an interrupted time-series 
design would evaluate the service over a longer period [30]. For example, the vignette 
study in this thesis (Chapter 3) was used to provide valuable insights into how health 
care professionals would respond to a specific situation or scenario where conduct-
ing this type of research in a real-life setting was not feasible. By presenting partici-
pants with the same scenarios (eg, complaints, sexual history, and age), we attempted 
to minimize variations between scenarios and ensure that each general practitioner 
encountered the same patients [30-32]. 

Another limitation was that most of the research for this thesis was performed 
during the COVID-19 pandemic. A consequence of the COVID-19 lockdown period was 
that most interviews and focus groups had to be performed online. However, with 
good preparation, the right number of participants, and a highly usable platform, 
online interviews and focus groups can be a strong option [33].

Future research 
As discussed in the introduction chapter, online services could end up in the meta-
phorical Valley of Death. In this thesis, the online services were implemented in real-
life settings. Investigating online services in real-life settings could be instrumental 
for avoiding the Valley of Death phenomenon, since they are not solely studied in 
controlled research environments [34, 35]. However, other factors (eg, how often ser-
vices are used and if they are cost-effective) are also crucial for, among others, health 
insurance companies and policymakers [36, 37]. Understanding costs is vital for health 
insurers to provide cost-effective coverage to their policyholders and make informed 
decisions about service inclusion and reimbursement rates. More research is required 
to investigate whether online services are cost-effective, as cost-effective online ser-
vices would be less likely to end up in the Valley of Death.

An online triage service plays a significant role in online services such as Directlab 
Online and Homelab. Ensuring the effectiveness of the triage tool is of paramount 
importance. While this thesis addressed certain aspects related to the triage tool, it 
would be intriguing to explore how users perceive its language and understandability. 
Certain (medical) words or phrases used in the online triage tool may prove difficult or 
confusing for users [38]. In such cases, users might misinterpret the tool’s recommen-
dations, leading to inaccurate or insufficient advice. By delving into the user experi-
ence and ensuring the clarity and comprehension of the online triage tool, its accuracy 
and effectiveness could be enhanced, ultimately benefiting users and improving the 
overall performance of the online services. Research should investigate whether the 
holistic view of the GP can be integrated into an online triage tool by adding questions 
about the patient’s background and medical history. 
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The goal of these services is to increase the self-management of citizens and patients; 
however, this thesis did not examine whether the services improve self-management. 
Addressing whether the online services Directlab Online and Homelab could effec-
tively contribute to the self-management of users’ health could be crucial. Researching 
self-management can be achieved by tracking the progress of patients or citizens who 
have ordered diagnostic tests through these services. The effect on self-management 
can be researched through self-management questionnaires. In addition, it could be 
interesting to examine changes in patients or citizens’ health and assess the role of 
the services in facilitating such changes. Furthermore, it is important to consider the 
potential time-saving benefits of Homelab for GPs. Investigating whether Homelab 
leads to a reduction in consultations and saves valuable GP time is another direction 
for future research. Furthermore, users of Directlab Online should be followed over a 
longer period to answer the following questions: Are they changing their behavior as 
a result of the diagnostic test that they ordered? Are they ordering more diagnostic 
tests? Do they feel more in control? In addition, for SARA users, the following question 
could be examined: Are they feeling more in control, and did it change their quality 
of life?

Another interesting topic for future research could be pharmacists’ perspective on 
SARA. SARA has been demonstrated to have the potential to be effective in patients 
with asthma and COPD. However, to ensure its effective functioning, it is equally cru-
cial to gather feedback from pharmacists who use the service in their professional 
practice. Research about pharmacists’ perspective on SARA could be performed qual-
itatively by interviewing them and quantitatively by measuring how much time they 
spend on SARA and how much they would normally spend on a patient. SARA can be 
expanded for use for more chronic diseases, but more research about those perspec-
tives would be necessary. In addition, more research could be performed on patients’ 
quality of life. 

Conclusions

We researched different online services designed for citizens, healthy GP patients, and 
chronic disease patients. The online services could not only help in the self-manage-
ment of those populations but also lead to more accessible health care. We are able 
to conclude that the suitability of the researched eHealth services is not yet for all. 
They tend to be more favorably received and used by younger patients or citizens. 
Nevertheless, in general, patients and citizens tend to be open and positive regard-
ing the use of online services, frequently finding the usability of the services to be 
satisfactory. With ongoing collaboration among all stakeholders and an improved 
understanding of technology and the Internet, eHealth services hold the potential to 
become more inclusive.
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Notably, health care professionals have a critical role in shaping the quality of these 
online services and increasing their reliability through their involvement. In addition, 
a health care professional possesses a unique ability to approach patients, reason, and 
decide holistically – a perspective that is not (yet) fully integrated into online services. 

However, patients and citizens exhibit positivity and receptiveness toward direct 
online access to care across different settings, which can offer considerable value. Yet, 
for these services to truly enhance self-management and health care’s accessibility, it 
is imperative to maintain ongoing user engagement, including by actively addressing 
user needs and preferences. This proactive approach will ensure that eHealth services 
are optimized in terms of their usability, effectiveness, and overall contribution to the 
realm of self-management and accessible health care. 
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