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Preface

The prelude of this thesis was my scientific project as a resident physician in general
practice. My idea was to do some kind of intervention study to increase physical
activity — and maybe social connectedness as a side effect — among patients at my
primary health care center. So, I approached a researcher and general practitioner,
Moa Wolff, who had done a yoga intervention for her thesis, as I thought that she
would be a good match as a supervisor. However, a residency project in general
practice is a total of 10 weeks which is a short time to plan, perform, and report an
intervention study. So, wisely enough, my supervisor suggested taking part in a
project that was starting up regarding an evaluation of digital tools in primary care
in our region. I was quick to say yes, as I thought that would be a meaningful and
manageable project. From clinical experience and conversations with colleagues, |
could state that we obviously need more useful digital tools in primary care.

That residency project opened the door to a PhD project on digital tools in primary
care. The suggested project included a randomized controlled trial for lifestyle
change and the application of behavioral theory. In other words, it united the areas
that I had first expressed interest in with the field of digital health that I had begun
to learn more about and found intriguing. So, I decided to continue the journey and
now invite you to read the result.

As a side note, where [ was first inspired to do research was during my years as an
undergraduate in Environmental Studies at the University of Montana, Missoula,
USA. That is another story, but maybe one to build on for future research endeavors.
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Context of this thesis

Digitalization is the answer — but what was the question? A bit simplified, but so it
sometimes seems when you listen to certain stakeholders in media, politics, or health
care: “New digital tools can greatly increase health care efficiency and could make
just about everything better” (constructed quote). That is not necessarily incorrect.
However, it may not have been the experience of the average Swedish health care
professional during recent decades.

In evidence-based medicine, we do not introduce radically new ways of doing
surgery or new medications without a scientific basis. But something akin to
introducing new pills without sufficient knowledge of usefulness or side effects
appears to be a recurring issue regarding new digital tools in health care. There are
at least four interconnected problems with this relative lack of evaluation. First, it
poses a risk to patients. Second, it poses a risk to the work environment. Third, it
may waste health care resources. Fourth, it risks making health care professionals
more negatively inclined towards digitalization, thus reducing our ability to use
digital health to its full potential.

Of course, there are useful digital health technologies being developed, evaluated,
and introduced. Furthermore, there is high-quality research being conducted
nationally and internationally. However, digital health is a comparably new and
rapidly evolving field where much is not known or insufficiently studied. From a
Swedish perspective, there are many areas in need of more knowledge.

At the conception of this thesis, there were several new digital health technologies
being introduced in primary care, mainly for virtual patient contacts but also in terms
of the electronic health record. In addition, my supervisors had started a randomized
controlled trial where health-promoting text messages were sent to patients with
hypertension in primary care. All potentially useful new technologies, but in need
of evaluation.

The idea of this thesis project was thus to contribute to the scientific evidence base
regarding digital tools in Swedish primary care. Digitalization may or may not be
the answer, but we need to ask more and better questions about it. To that end, we
need more knowledge. And that is what I wanted to contribute to with this thesis.
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Abstract

Digital tools are sometimes introduced in primary care with little end user
involvement and without sufficient evaluation, which may decrease usefulness.
Therefore, this thesis project analyzed the end user experience and effects of
different digital tools in primary care in southern Sweden. The overarching aim was
to contribute to increased patient benefit of digitalization.

Paper 1 explored primary care physicians’ experience of digital health through
qualitative content analysis of free-text questionnaire responses. A barrier to use
was the loss of face-to-face patient contact. There were concerns regarding risks for
patient harm and an increased workload due to a rising number of patient access
routes and a deficient technological infrastructure.

Paper 2 studied one of the new patient access routes — text-based virtual visits to
public primary care. The patients were comparably young, and the most common
group of diagnoses was skin conditions. Most patients did not require subsequent
face-to-face health care contact, and of those who did the majority remained in
primary care.

Paper 3 explored the patient experience of a digital intervention in the form of
health-promoting text messages to primary care patients with hypertension.
Participant interviews were analyzed using systematic text condensation. We
concluded that the text messages were perceived as useful reminders, but that
increased individualization could facilitate lifestyle change.

Paper 4 analyzed the effects on lifestyle of health-promoting text messages.
Compared to the group that was randomized to treatment as usual, the text message
group reported decreased alcohol use and increased physical activity.

The overall conclusion is that staff and patients should be included early in the
development of new digital tools, that the effects on health equity of virtual visits
need to be considered, and that a simple intervention such as health-promoting text
messages can be effective but may be further improved by increased patient
involvement.
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Terminology

World Health Organization (WHO) definitions are used when available.

Al

DALY

Digital health

Digital health technologies

Digital (health) tools

Digitalization

eHealth

eVisit

mHealth

Artificial intelligence. An area of computer science
that emphasizes the simulation of human intelligence
processes by machines that work and react like human
beings (1, 2).

Disability-adjusted life year. One DALY represents
the loss of the equivalent of one year of full health.
DALYs for a disease or health condition are the sum
of the years of life lost due to premature mortality and
the years lived with a disability due to prevalent cases
of the disease or health condition in a population (3).

The field of knowledge and practice associated with
the development and use of digital technologies to
improve health (1). Digital health expands the concept
of eHealth to include digital consumers and emerging
areas such as artificial intelligence (1, 4).

Any digital technology used to improve health or
health care delivery (1, 5).

Another term for digital health technologies (5, 6).

The ongoing integration of digital technologies and
digitized data across the economy and society (1, 7).

The wuse of information and communications
technologies in support of health and health-related
fields (1, 4).

In this thesis: A text-based virtual visit, through
synchronous or asynchronous two-way
communication via a digital platform (app- or web-
based) (8).

The use of mobile devices for medical and public
health practice (9).
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Telemedicine

Virtual visit

16

The delivery of health care services, where distance is
a critical factor, by all health care professionals using
information and communications technologies (1).
Note that the term telemedicine is also used
synonymously with eHealth or digital health,
including in Paper 1 of this thesis.

In this thesis: A health care visit between patient and
health care professional conducted via video, or via
synchronous or asynchronous text (8, 10). Note that
definitions vary and sometimes include audio-only or
telephone contacts (11, 12).



Introduction

General background

General introduction to this thesis

With an aging population, the rise in lifestyle-related diseases, and an increased
political focus on person-centered primary care, the demands on Swedish primary
care are increasing (13-15). Decision makers in health care have put forth
digitalization as a way to improve access, efficiency, and quality of care (16).
However, concerns have also been raised regarding increased health care disparities,
the workload of health care staff, and patient security issues related to digitalization
(17, 18). To address some of these issues, this thesis will explore different aspects
of digitalization in health care from a Swedish primary care perspective.

Digitalization in health care - terminology and a very brief history

Health care has undergone several revolutions in recent decades. A major one is the
introduction and rapidly increasing use of digital tools (19, 20).

Digitalization in health care is often referred to by the term electronic health
(eHealth) or, more recently, digital health (1, 16). The World Health Organization
(WHO) defines digital health as “the field of knowledge and practice associated
with the development and use of digital technologies to improve health” (1). Digital
health thus includes all types of digital technologies used in health care, from the
electronic medical record to tools employing artificial intelligence (Al), as well as
remote contacts (telemedicine) and mobile devices (mHealth) (1).

Digitalization in health care began in the late 1950s with early attempts at
computerized medical history taking and diagnosis, and the development of medical
health records (21, 22). After at times comparably slow development in contrast to
other sectors of society, digitalization has picked up pace in the last decades in many
health care systems (19, 20). In Sweden, the 2000s saw the introduction of digital
health tools such as internet-based cognitive behavioral therapy, and computerized
clinical decision support systems in telephone triage (23, 24). In the early 2010s,
video consultations between patients, general practitioners (GPs), and secondary
care physicians were initiated in rural Sweden (25). In the latter half of the decade,
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commercial primary care providers began to offer virtual visits through video or text
(10). The same type of visits were initiated by Swedish public primary care
providers some years later (26). Development in other high-income countries
appears to be similar and rapidly evolving (19, 20).

To complicate and nuance the picture of this rapid development, it should be noted
that the use of fax machines is still widespread in Swedish health care in this digital
age, with a total of more than 4000 fax machines in use across the country (27). It
should also be noted that new digital tools are often not sufficiently and
transparently validated, which may result in risks for patients and mistrust from
health care providers (28).

Primary care challenges and digital health

What is primary care?

To discuss primary care challenges, it is pertinent to first define what we mean by
primary care. This may seem straightforward. However, there are differing and
continuously evolving professional definitions, popular views, and political
interpretations. I will briefly describe this under the following three subheadings.

Primary health care and primary care

The definition of primary health care goes back to the Declaration of Alma-Ata at
the International Conference on Primary Health Care in 1978, which in essence
posed that primary health care is key to attaining the universal human right of health
and well-being (29). However, interpretations and uses of the term have varied
since. Forty years later, in 2018, there was a new Global Conference on Primary
Health Care which agreed upon a comparably simple definition of primary health
care (30):

Primary health care is a whole-of-society approach to health that aims to ensure the
highest possible level of health and well-being and their equitable distribution by
focusing on people’s needs and preferences (as individuals, families, and
communities) as early as possible along the continuum from health promotion and
disease prevention to treatment, rehabilitation and palliative care, and as close as
feasible to people’s everyday environment. (30)

The components of primary health care were further visualized in a picture (Figure

1.
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HEALTH &
WELL-BEING

Primary care & essential public health
functions as the core of integrated
health services

Figure 1 The components of primary health care

As defined and illustrated by the World Health Organization and the United Nations Children’s Fund at
the Global Conference of Primary Health Care in Astana, Kazakhstan, 2018 (30). Provided under the
Creative Commons Attribution-NonCommercial-ShareAlike 3.0 IGO licence (CC BY-NC-SA 3.0 IGO;
https://creativecommons.org/licenses/by-nc-sa/3.0/igo). No changes have been made to the original
figure.

As illustrated in Figure 1, primary care is a part of the concept of primary health
care. Primary care is defined by the WHO as “a key process in the health system
that supports first-contact, accessible, continuous, comprehensive and coordinated
person-focused care” (31, 32). The World Organization of National Colleges,
Academies and Academic Associations of General Practitioners/Family Physicians
(WONCA, also called the World Organization of Family Doctors) defines primary
care as “the setting within a health care system, usually in the patient’s own
community, in which the first contact with a health professional occurs” (33). Put
simply, primary care is health care provided close to the community. However, it is
important not to lose sight of the whole-of-society approach and the equitable health
aims of primary health care.

General practice and family medicine

As defined in the preceding paragraphs, “primary care” is a relatively broad term.
However, it is often used interchangeably with the more specific terms general
practice or family medicine (34).

First, a note on the dual terminology. In the United Kingdom of Great Britain and
Northern Ireland (UK), physicians specialized in primary care are called general
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practitioners (GPs), and the medical specialty is termed general practice (35). In the
United States of America (US), the equivalent terms are family physicians and
family medicine (36). The professional Swedish term can be translated to “specialist
in general practice” (37). Therefore, in this thesis, I will use the terms GP and
general practice.

By definition, general practice is primary care provided by specialized medical
doctors and/or other health care professionals (32). It is further described and
summarized by the WONCA tree (Figure 2) (33, 38).

P _J
s J
Y

Specific problems
solving skills

Comprehensive
approach

Community
orientation

Primary care

management
Person-centred ’
care Holistic
N\ 3
modelling

Clinical tasks
Communication with patients
Management of the practice

Family Medicine:
Core Competencies and
Characteristics
f\\ (Wonca 2002/2011)
¥ < ©2004/2011
attitude science context Swiss College of Primary Care

Medicine / U. Grueninger
www.kollegium.ch

European Definition of

Figure 2 The WONCA tree as produced by the Swiss College of Primary Care Medicine
A visualization of the complexity and interrelationships of the discipline and specialty of general
practice/family medicine (38). Reprinted with permission from the copyright holder.

Primary care defined by society and politics

In Sweden, inhabitants in need of non-emergency care usually contact their primary
health care center, which is staffed by physicians (mainly GPs and GPs in training),
registered nurses, assistant nurses, medical secretaries, and often also psychologists,
dieticians, physiotherapists and/or occupational therapists. Accordingly, in
everyday Swedish language, the term “primary care” is usually used to signify the
services carried out at primary health care centers. Consequently, due to popular
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Swedish and academic use, I will use the term “primary care” interchangeably with
“general practice” (33, 34, 39).

Health care in Sweden is predominately publicly financed (39). General regulations,
goals, and financial boundaries are thus set by elected officials. Administrative
regions and municipalities are responsible for the provision of primary care to the
population (39, 40). Current laws and regulations state that the basic commitment
for regions and municipalities with regard to primary care include:

1. Provide the health care services that are required to satisfy common health care
needs.

2. Make sure that health care is easily accessible.

3. Provide preventive efforts depending on population needs and the patient’s
individual needs and conditions. (40)

In summary, primary health care, primary care, and general practice are not easily
delimited. The expectations put on general practice and primary care are extensive.
The expectations of primary health care could be described as infinite. However, the
possibilities of primary health care to improve the human condition are also
potentially enormous.

Primary health care potential and challenges: non-communicable diseases

Primary health care has contributed substantially to global health improvements
over the past half-century (30). Maternal and child mortality, and deaths from
infectious diseases, have decreased dramatically in low- and middle-income
countries partially thanks to primary health care (41, 42). It has been repeatedly
shown that focusing on primary health care is an efficient way to improve
population health in high-income as well as low- and middle-income countries (43).

Disability-adjusted life year (DALY)

One DALY represents the loss of the equivalent of one year of full
health. DALYs for a disease or health condition are the sum of the
years of life lost due to premature mortality and the years lived with a
disability due to prevalent cases of the disease or health condition in a
population (3).

Over recent decades, there has been a global rise in non-communicable diseases
(NCDs) (14, 30). The most important NCDs are cardiovascular diseases (CVDs),
cancers, chronic respiratory diseases, and diabetes (44). From 1990 to 2016, the
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percentage of disability-adjusted life years (DALY's) attributed to NCDs rose from
44% to 61% (30). The rise was most notable in low- and middle-income countries
(30). However, from 2010 to 2021, the age-standardized number of DALYs
attributed to NCDs decreased by 6%, indicating that the absolute rise was also
caused by population growth and aging (14).

Part of the rise in NCDs can thus be attributed to an increased life expectancy as
mortality, especially from infectious diseases, has decreased (45). However,
another, and substantial, reason for the rise in NCDs is changes in lifestyle habits
(30). Tobacco use and alcohol use are long-known risk factors for several NCDs
(46, 47). More recently, unhealthy diets and physical inactivity have risen as
increasingly important risk factors. Such unhealthy lifestyle habits have also spread
from high-income to low-income countries as a new type of epidemic (46, 47).

The potential of digital health

The global rise in NCDs is a major challenge for primary health care in the 21%
century (30, 46, 48). The amount of resources that can be spent on health care is
limited even in high-income countries. Consequently, there is a constant need to
make health care more efficient.

Increased use of digital health technologies has been put forth by political as well
as scientific and global health authorities as a way to improve access, efficiency,
and quality of care (16, 19, 49). The potential of digital health has also been
addressed in national policies such as Sweden’s Vision for eHealth, stating that:

In 2025, Sweden will be best in the world at using the opportunities offered by
digitisation and eHealth to make it easier for people to achieve good and equal health
and welfare. (16)

The European Commission’s Communication on the Transformation of Digital
Health and Care similarly describes the promise — and some caveats (50):

Digital solutions for health and care can increase the well-being of millions of citizens
and radically change the way health and care services are delivered to patients, if
designed purposefully and implemented in a cost-effective way. (50)

Scientific authorities such as the US National Academy of Medicine have also
discussed digital health, describing the potential for rewards from scientific
investments in digital health as enormous (19). Areas of importance included
diagnosis and treatment, care continuity, telemedicine, self-management, health
behavior, and use of big data for knowledge generation and public health (19).

In summary, the reach of digital health is vast, and the potential is immense. A
simple question, though, is how these promising visions translate into work “on the
floor” of everyday health care delivery (51).

22



Concerns regarding digital health

Several concerns have been raised regarding digitalization and the use of digital
tools in health care. Important areas where caution has been warranted include
effects on health care disparities, health care quality and efficiency, patient security
issues, and the workload of health care staff (17-20, 52, 53).

The possible effects of digital health on health care disparities are important from a
primary care perspective, as the equitable distribution of health is an outspoken goal
of primary health care (30). A major problem is that of health care access (19).
Vulnerable or underserved populations are often also digitally under-resourced (54).
Except for an actual lack of technology, they may also have low digital literacy and
health literacy levels (18, 52). Thus, there is a risk that improvements in digital
health reach those already comparably affluent and healthy, but not those in more
need of health care. That is an illustration of the “inverse care law” (people in most
need of health care receive the least of it) and is also called the digital divide (19,
53, 54).

Another important area of concern regarding digital health is the quality and
efficiency of new digital tools (17, 19, 20, 28, 52, 53). As the development of new
digital health technology is rapid, regulations and standards have problems keeping
pace (19). The accountability of commercial developers is often unclear and
validation can be limited (28, 52). Evaluation with regard to clinical quality, health
outcomes, and effectiveness is usually not required before a new digital health tool
is put to use (17, 28, 52). Furthermore, the involvement of end users in development
varies (19). Taken together, this risks providing health care with digital tools that
do not improve the quality or efficiency of care, and also causes concern regarding
patient safety (20, 52).

Alleviating the workload of health care professionals is one reason to increase the
use of digital health technologies. However, the effect of digital health on staff
workload is also an area of concern (17-20). The interoperability between systems,
and the incorporation of digital tools into workflow, obviously affects the work
environment. Furthermore, as for patients, the digital literacy of health care
professionals varies and will have consequences for the real-world usefulness of
digital health technologies (18, 19).

State of the scientific evidence base

As outlined above, an important area of concern regarding digital health is the need
for evaluation of new digital health technologies (20, 52). Evaluation can be done
through validation by a commercial vendor or as part of an implementation process,
but it can also be conducted through scientific study (28).

Reviewing the literature when this thesis was conceived indicated a need for further
research on several areas of digital health. A rather substantial amount of scientific
evidence has been added thereafter. That new evidence will primarily be covered in
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the Discussion. However, the overall impression of the scientific evidence base of
digital health remains.

By 2020-2021, telemedicine, or in other words the use of digital health technologies
where patient and provider are separated geographically, had been indicated to
produce outcomes at least equivalent to face-to-face care (2, 17, 18, 55-57). Studies
concerned different types of tools, conditions, and areas of health care including
general practice. It had also been shown that clinical decision support tools could
contribute to the improved performance of health care staff (58). Furthermore,
digital medical history taking had been demonstrated to provide relevant
information (59). However, all studied areas of digital health required evidence of
higher quality (2, 17, 18, 55-59). In addition, generalizability between different
contexts was a concern (60, 61).

Thus, there was ample need for continuing scientific study of digital health. Areas
of importance that were of current interest in the southern Swedish primary care
context (where this thesis was conducted) included end user experience, virtual
visits, and the use of digital tools in the treatment and prevention of NCDs. The
remainder of the Introduction will, therefore, be attributed specifically to these
areas.

Background of papers included in this thesis

Health care professionals’ experience of digital health

Health care professionals’ experience of using new digital tools has been rather
extensively studied, especially in secondary care but also in primary care (17, 55,
62, 63). The results have been mixed with regard to the overall question of whether
digitalization and digital tools are perceived as a positive addition or a burden.
Practitioners’ acceptance has generally been more tentative than that of patients,
with more focus being put on the challenges and risks of digital health (17, 55, 62,
63). Key areas for acceptance that have emerged include ease of use, perceived
usefulness, effects on patient safety, and consequences for workflow (58, 63-65).
Research focusing on primary care has reached similar conclusions (17, 66). In light
of increasing digital patient contacts during the coronavirus disease 2019 (COVID-
19) pandemic, GP experience and acceptance showed more positive tendencies but
still included the same areas of concern (67, 68).

Focusing on health care professionals’ experience of digital health in Scandinavian
general practice, most studies have investigated GP experience of patient contacts
conducted via text or video (69-73). As in international research, there were
positives and negatives. Positives included improved efficiency and more specific
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communication. Negatives included overuse by patients, too high inflow of
information, and misunderstandings (69-73).

Most studies concern health care professionals’ experience with specific digital
tools. Few studies concern the general experience of digitalization in health care,
and there were no such studies to be found in a Swedish general practice context.
Therefore, in 2019, some colleagues initiated a study exploring primary care
physicians’ general attitudes toward digital health (74). A web-based questionnaire
was sent to primary care physicians in southern Sweden, employing Likert items
based on the theory of planned behavior (TPB, further described under the
subheading “Theories of health behavior”). Analysis showed that attitudes toward
digital health, and perceived behavioral control in the use of digital health, strongly
predicted behavioral intention to use digital health technologies (74).

In this theoretical context, “attitudes” can be understood as what the respondent
thinks that the behavior will result in (75). “Perceived behavioral control” can be
understood as the respondent’s estimate of their possibilities to use digital health
technologies (76, 77). These ratings are thus in line with the importance of
usefulness and ease of use, and the considerations regarding workflow, which have
been reported in other studies on health care professionals’ experience of digital
health (58, 63-65, 74, 76, 77). An interesting additional finding of the questionnaire
was that the primary care physicians reported a high intention to use digital health,
but low actual use.

Virtual visits and health care use

An area of digital health of obvious importance to health care in general, and general
practice in particular, is that of virtual visits. Primary care is the first point of health
care contact for most patients, and the patient consultation is an essential part of
general practice (30, 33, 78). Consequently, virtual visits have the potential to
substantially affect overall care-seeking behavior and health care use, and general
practice workflow. The circumstance that Scandinavian studies on GPs’ experience
of digital health primarily cover virtual visits may indicate the perceived importance
among Scandinavian clinicians and researchers (69, 71-73).

Most studies on virtual visits have been carried out in the United States (17, 56, 79,
80). In the US, as in Sweden, asynchronous text-based contacts via patient portals
have been possible for more than a decade (81). However, the type of virtual visit
that seems to have been most studied is video visits (71, 79, 80). Text-based virtual
visits, where provider and patient communicate via text through a web-based
platform or an app (comparable to a chat), is a less studied field (17, 56). This type
of visit can also be termed as an eVisit.

Existing research has indicated that the clinical outcomes of virtual visits are
comparable to face-to-face visits, even if more studies have been called for (17, 55,
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56, 80). More research has been specifically requested regarding what conditions
are suitable for eVisits (56).

Another important concern to address is the risk of overuse related to virtual visits
(11, 17, 18, 67, 70). An ongoing public debate in Sweden, and other countries, is
whether virtual visits cause increased health care consumption and negatively affect
health equity (11, 82). This has been indicated by research that shows that patients
who seek virtual care are generally healthier, younger, and more urban than patients
who seek face-to-face care (10, 17, 83). Furthermore, studies on health care use
related to virtual visits have yielded inconclusive results (17, 56, 80).

Health care use could serve as an indicator of efficiency (17, 56, 80, 84-86). It is
often approximated with follow-up rates. Focusing on eVisits, according to prior
research, follow-up rates vary between 5% and 25% depending on context (17, 56,
83, 87-95). Studies have also indicated that follow-up rates after eVisits are
comparable to those of face-to-face visits (87-92). However, those studies mainly
covered urinary tract infections and respiratory tract infections through register-
based comparisons.

By 2023, most primary care providers in Sweden offered virtual visits (85). More
than half of the providers had an option for eVisits or were initiating this (96).
Nevertheless, published research on eVisits was rather sparse.

Patient experience of digital health

Patient experience and acceptance of digital health have generally been reported as
more positive than that of health care professionals (2, 17, 55, 86, 97, 98). This
includes virtual health care contacts, where specific areas of patient appreciation
were accessibility and time savings (17, 86). Acceptability was most evident for
patients with long-term conditions and those living in remote areas, but was
generally high (17). Likewise, remote monitoring has been shown to yield high
patient acceptance and satisfaction scores (2). Digital health interventions, such as
app-based support or text messages for lifestyle change in chronic conditions, have
also rendered positive patient experiences including perceptions of usefulness,
motivation, and support (2, 97-101). In summary, from a patient perspective, digital
health has the potential to increase access, convenience, and empowerment. It is
thus a promising tool for the supported self-management that will be needed as
chronic conditions continue to increase (102). Nonetheless, digital health
interventions have to be used with caution, also from a patient perspective, as side
effects such as decreased well-being may occur (103).

Even if the reported patient experience of digital health is generally positive, there
are some concerns (17, 55, 104, 105). Patients do express worries regarding the
privacy and security of their data (17, 105). In addition, acceptance has been
indicated to vary depending on socioeconomic status, with the socioeconomically
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disadvantaged showing less interest and ability to use digital health (17, 55). Finally,
age has been repeatedly described as a limiting factor with the older population
showing lower digital health literacy and use — and expressing more concern
regarding the use of digital health technologies (17, 55, 104, 105).

Studies of patient experience of digital health technologies have rendered some
recommendations regarding design. Tools that are personalized or tailored to the
specific user, especially taking the needs of older and disadvantaged groups into
account, and that support self-management and patient empowerment, have been
indicated to contribute the most to patient uptake (97, 100, 104, 105).

Disease prevention and digital health interventions

An interconnected world

A major consequence of digitalization is the increased interconnectedness of the
world, and thus the possibility to rapidly reach a large number of people. Mass
media and social media are the most obvious ways. However, it is also possible on
a more individualized basis via e-mail, text messages, and more recently via
smartphone applications.

As previously described, NCDs are increasing across the world (14, 30). Many of
these diseases, such as CVD, can to a considerable extent be prevented through
improved lifestyle habits (106-108). One mode of delivery for lifestyle interventions
is through digital health. Therefore, this thesis includes a digital lifestyle
intervention directed at primary care patients. The intervention aims at the number
one modifiable risk factor for CVD: hypertension (109). Accordingly, in this
section, background information on lifestyle, hypertension, and CVD will be
provided.

Essentials of hypertension

Blood pressure is the pressure that blood exerts on the systemic artery walls.
Hypertension is defined by the European Society of Cardiology, and by the WHO,
as a confirmed clinic systolic blood pressure of >140 mmHg or diastolic blood
pressure of >90 mmHg (110-112). According to Swedish guidelines, diagnosis can
also be made using home blood pressure monitoring or 24-hour ambulatory blood
pressure monitoring (110). The development of hypertension is complex, involving
environment, behavior, heredity, and an interaction of hormonal, renal,
cardiovascular, and neural mechanisms (111). Most patients are diagnosed with
essential hypertension, meaning that we do not know exactly why they have
persistently high blood pressure. For about 10% of patients, a specific
pathophysiological cause can be identified, and this is termed secondary
hypertension (111).
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Over time, high blood pressure causes organ damage which can result in disease
(111). Observational studies from the early 1900s and onwards, and subsequent
clinical trials, have established that hypertension is a risk factor for coronary heart
disease, stroke, other CVDs, chronic kidney disease, and dementia (107, 113). For
each 20 mmHg increase in systolic blood pressure from 120 mmHg, the relative risk
of ischemic heart disease and stroke has been indicated to roughly double (107,
114). Conversely, lowering systolic blood pressure to <120 mmHg has been shown
to continuously reduce the risk for cardiovascular events (115). Consequently, there
is an ongoing scientific and professional discussion regarding lowering the limits
for the diagnosis and treatment of hypertension. The term elevated blood pressure
has been proposed for clinic blood pressure of 120-139/70-89 mmHg (111). There
have also been suggestions for addressing hypertension in the context of overall
cardiovascular risk rather than as a separate disease (116).

The global burden of hypertension and cardiovascular disease

High systolic blood pressure >140 mmHg is the leading modifiable risk factor
globally for disability, disease, and premature death (106). It was the second most
important of all risk factors in 2021, causing 7.8% of global DALY's and surpassed
only by particulate matter air pollution at 8.0% (117). It is also the top attributable
risk factor of DALYs due to NCDs (Figure 3) (118). High systolic blood pressure
was estimated to cause 10.9 million deaths in 2021 (119).

High systolic blood pressure
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High fasting plasma glucose

High body-mass index

Ambient particulate matter pollution
High LDL cholesterol

Kidney dysfunction

Household air pollution from solid fuels
High alcohol use

Diet low in fruits
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Figure 3 Percentage of disability-adjusted life years due to non-communicable diseases
attributable to top risk factors in 2021

Figure from the Global Burden of Disease study fact sheet (118). Provided under the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0
(https://creativecommons.org/licenses/by-nc-nd/4.0/). No changes have been made to the original
figure.

As analyzed by the Global Burden of Disease (GBD) study, disability and death due
to high systolic blood pressure occurs almost exclusively through CVD, but also
through chronic kidney disease (106, 107, 119). High systolic blood pressure
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contributes approximately half of all DALY attributable to CVD and is thus the
number one risk factor for CVD (Figure 4) (109, 120).

High systolic blood pressure

High LDL cholesterol

Ambient particulate matter pollution
Smoking

High body-mass index
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Diet high in sodium

Household air pollution from solid fuels
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Figure 4 Percentage of disability-adjusted life years due to cardiovascular disease attributable to
top risk factors in 2021

Figure from the Global Burden of Disease study fact sheet (109). Provided under the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0
(https://creativecommons.org/licenses/by-nc-nd/4.0/). No changes have been made to the original
figure.

When studying the GBD risk factor hierarchy, one needs to keep in mind that it does
not define risk factors primarily from a pathophysiological viewpoint but from a
global health and data-driven viewpoint (106, 117). The purpose is to find
modifiable and important drivers of disease (106, 117, 121). As high systolic blood
pressure is analyzed as a risk factor and not a disease, the GBD study does not report
risk factors for hypertension. Mediation pathways are to some extent accounted for
in the analysis, but not in the presentation of the data (117). Hence, even if diet is a
risk factor for hypertension, due to the GBD risk factor hierarchy it is visualized as
a separate risk factor for CVD at the same level as hypertension.

An additional aspect is that the GBD combines data from studies with varying
methodologies and may have an underrepresentation of data from low- and middle
income countries (120). However, a multinational prospective cohort study
examining modifiable risk factors for CVD found similar associations as the GBD
study, with some differences in magnitude (120). More than 70% of CVD morbidity
and mortality could be attributed to modifiable risk factors, with metabolic risk
factors at 41% of the population attributable fraction and hypertension being the
most important at 22% (120). The hierarchy of subsequent attributable risk factors
was similar to that of the GBD study, underlining the importance of modifiable risk
factors, especially blood pressure, tobacco use, and diet, when it comes to CVD
prevention (109, 120).

From 1990 to 2019, in the age group 30-79 years, the number of individuals
worldwide with hypertension doubled from approximately 650 million to almost 1.3
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billion (122). However, the age-standardized prevalence did not change
significantly. In 1990, the figure was 32% for both sexes, and in 2019 it was 32%
in women and 34% in men. Within these numbers, there was a decrease in the age-
standardized prevalence of hypertension in high-income countries and an increase
in low-income countries. Treatment and control rates improved significantly in
high-income countries, and in some middle-income countries, during the period. In
Canada, Iceland, and South Korea, more than 70% of those with hypertension were
treated, and more than 50% were controlled. In Sweden, in 2019, the age-
standardized prevalence was 25% for women and 36% for men. For both sexes,
approximately 54% were detected, 40% were treated, and 20% were controlled.
Those rates were rather close to the global average, indicating that Sweden as a high-
income country with universal health coverage has significant room for
improvement (122).

There is ample evidence that pharmacological treatment of hypertension is cost-
effective and safe (107). Drugs in standard dose on average lower systolic blood
pressure with 9.1 mmHg and diastolic blood pressure with 5.5 mmHg (123). Such
decreases have been shown to result in significant relative risk reductions of
cardiovascular events, including 40% in heart failure, 35% in stroke, and 20% in
cardiovascular mortality (107, 124).

Hypertension, lifestyle, and cardiovascular disease

For the purpose of this thesis, now that hypertension has been put into context, the
question of interest centers around the role of lifestyle habits in hypertension and
CVD.

In their respective guidelines on high blood pressure, the American College of
Cardiology, the American Heart Association, and the European Society of
Cardiology summarize and evaluate the available scientific evidence (111, 125).
Furthermore, the Lancet Commission on Hypertension has summarized the
evidence and contextualized hypertension with global health aspects and resources
(113). Those are the main sources that I have used for the summary of the connection
between hypertension, lifestyle habits, and CVD. These guidelines are also
consistent with other international guidelines of good rigor with regard to the non-
pharmacological management of hypertension (126).

It has been shown in epidemiological studies and randomized controlled trials
(RCTs) that lifestyle habits affect blood pressure. The most important habits are diet
including salt intake (sodium chloride), physical activity, and alcohol use (111, 113,
125). A dietary approach has been indicated to be most effective, followed by
exercise (127). The approximate effects of the best-proven lifestyle or non-
pharmacological efforts to lower blood pressure are summarized in Table 1 (111,
113, 125).
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Table 1 Non-pharmacological intervention effects on blood pressure

A summary of effects shown in meta-analyses of randomized controlled trials or large randomized
controlled trials. Table inspired by (125) and (111). Abbreviations: DASH, Dietary Approaches to Stop
Hypertension; SBP, systolic blood pressure; BMI, body mass index.

Factor Intervention Approximate effect on SBP References
Normotensive  Hypertensive
Diet DASH: Diet rich in fruit, vegetables, -3 mmHg -11 mmHg (128-130)
whole grains, and low-fat dairy
foods, with reduced saturated and
total fat.
Sodium Reduction, optimally to <2 g/day (2g -2/3 mmHg -5/6 mmHg (131-133)
intake sodium = 5 g salt = 1 teaspoon).
Aerobic 150 min/week of aerobic moderate- -2/4 mmHg -5/8 mmHg (134-136)
physical intensity, or 75 min/week of aerobic
activity vigorous-intensity physical activity.
Resistance 2-3 times/week. Dynamic (6 -2/4 mmHg -4/5 mmHg (134, 137,
training exercises x 3 sets x 10 repetitions) 138)
or isometric (4 x 2 min hand grip).
Alcohol Reduction, optimally to <100 g/week -3 mmHg -4 mmHg (139-142)
intake (<2 standard drinks/day).
Weight Reduction, optimally to a BMI of 20-  -2/3 mmHg -5 mmHg (143)
25 kg/m?. Expect about -1 mmHg for
every 1-kg weight reduction.

The Dietary Approaches to Stop Hypertension (DASH) diet has been shown to have
an additive effect on blood pressure reduction if combined with other lifestyle
changes (physical activity and weight reduction, and reduced sodium intake) (130,
144, 145). Emerging evidence also indicates that combined lifestyle interventions
can be effective and that diet and physical activity may be the most important
combination to reach maximum blood pressure reductions (127, 146, 147).

The main reason for preventing and treating high blood pressure is to decrease the
risk of CVD (107, 111, 113, 116, 125). In other words, death or disability from CVD
are in essence the final endpoint of interventions to improve blood pressure. The
European Society of Cardiology specifically addresses this in their 2024 guideline
on hypertension, requiring pharmacological blood pressure treatments to have RCT
evidence of effect not only on blood pressure reductions but also on cardiovascular
events to receive the highest class of recommendation (111).

For lifestyle interventions and other low-risk non-pharmacological interventions,
however, the European Society of Cardiology reasons differently (111). Here, it is
deemed sufficient with RCT evidence on blood pressure lowering together with
evidence of lower level of cardiovascular events. The consistent connection between
blood pressure reduction and reduction in risk for CVD that has been shown in meta-
analyses of blood pressure lowering RCTs is thus accepted as supporting proof (107,
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115, 124). This “special status” is motivated in several ways. Firstly, in addition to
lowering blood pressure, a healthy lifestyle has a number of other positive health
effects. Secondly, the risks of negative side effects of lifestyle interventions are low
compared to medications. Thirdly, it is harder to finance RCTs of lifestyle
interventions as pharmaceutical companies would have no greater interest in this
(111). The American College of Cardiology/American Heart Association guidelines
articulate a similar perspective on lifestyle habits, blood pressure, and CVD, saying
that it is vital to correct the lifestyle behaviors that cause high blood pressure to
reduce the risk for CVD (125). Finally, the Lancet Commission on Hypertension
exhibits a corresponding viewpoint by stating that scientific evidence shows that
healthy lifestyle behaviors can lower blood pressure and decrease cardiovascular
events (113).

Evidence on lifestyle approaches to hypertension and cardiovascular disease

Major considerations regarding lifestyle, hypertension, and CVD have been outlined
in the preceding subchapter. Below, I summarize the scientific evidence with regard
to the effects of different lifestyle approaches to hypertension and CVD in more
detail.

Considering diet, the DASH diet seems to have more RCT evidence of efficiency in
lowering blood pressure, while a Mediterranean diet has been shown to result in a
lower incidence of CVD in primary and secondary prevention (148, 149). Reduced
dietary sodium intake has also been shown to decrease cardiovascular events and
death in an RCT of patients with hypertension and/or prior stroke (150). In addition,
there is convincing observational evidence on the connection between lower sodium
intake and a decreased risk for CVD and all-cause mortality (151).

For physical activity, a systematic review of longitudinal studies concluded that
patients with hypertension who regularly engaged in physical activity had a lower
cardiovascular and all-cause mortality than those who were sedentary (152). There
does not seem to be RCT evidence regarding this relationship. However, there is
extensive RCT evidence on the effect of physical activity on blood pressure in
healthy and hypertensive individuals (111, 113, 125, 134, 135). Aerobic physical
activity is the most studied, but there is also evidence concerning the benefits of
resistance training on blood pressure (135, 137, 138). The overall interpretation of
the scientific evidence is thus that physical activity is beneficial for decreasing blood
pressure and the risk for CVD in primary and secondary prevention (111, 113, 125).

Considering alcohol, it has been established in RCTs that high-dose consumption
raises blood pressure in men after 13-24 hours (153). A meta-analysis of cohort
studies has further established that alcohol use increases the risk for hypertension in
men, starting at a low-dose consumption with a 14% relative risk increase at 10
g/day (141). For women, data are more sparse but have shown no protective effect
of alcohol on the risk for hypertension (111, 141, 153).
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There is a long-standing discussion regarding the cardioprotective effects of light to
moderate alcohol consumption (111, 125, 154). RCT evidence is unlikely for ethical
and also for methodological reasons (154). Epidemiological studies and meta-
analyses have indicated that, compared to no intake of alcohol, a light to moderate
consumption of <100 g of pure alcohol/week or <2 standard drinks/day is associated
with a decrease in CVD and cardiovascular death, and in all-cause mortality (125,
155, 156). However, a recent meta-analysis found no protective effect of low to
moderate alcohol consumption on all-cause mortality (157). It should also be noted
that the total health effects of alcohol suggest that avoiding alcohol is best from a
general health perspective (111, 158).

Regarding body weight, a Cochrane review on dietary weight interventions for
patients with hypertension reported reductions in body weight and blood pressure,
but insufficient evidence on long-term effects (159). However, for adults with
obesity (body mass index [BMI] >30 kg/m?®), a meta-analysis of RCTs showed a
positive effect on all-cause mortality of dietary weight loss interventions, with or
without physical activity (160). Positive effects on several cardiovascular risk
factors have also been shown for weight reductions starting at 5-10% of initial body
weight in a meta-analysis of RCTs including lifestyle and/or drug interventions for
weight loss (161). That is, meta-analyses of RCTs indicate that lifestyle
interventions for weight loss have a positive effect on cardiovascular risk, but some
uncertainty remains regarding the effects of reduced body weight specifically for
patients with hypertension.

Regarding tobacco use, smoking causes an immediate increase in blood pressure,
and heavy smoking increases daytime blood pressure (162). However, smoking
does not appear to affect long-term blood pressure (163). Nonetheless, smoking
cessation is likely the most important measure to prevent CVD events and
substantially affects all-cause mortality and morbidity (164, 165). Thus, smoking
has well-proven negative effects on general and cardiovascular health, but not
primarily through affecting long-term blood pressure.

In summary, there is scientific evidence in support of healthy lifestyle habits to
prevent and treat hypertension and CVD (111, 113, 125).

The prevalence of unhealthy lifestyle habits

So, we know about the relative importance of healthy lifestyle habits and have done
so to some extent for several decades (107, 108). But what does it look like in the
population in terms of actual (or reported) lifestyle behavior?

More than a decade ago, the WHO pointed out the increase in unhealthy diets and
physical inactivity, resulting in overweight, obesity, high blood glucose and
cholesterol, and high blood pressure, as global health risks that had surpassed
undernutrition in terms of number of deaths caused (166). In low- and middle-
income countries, the burden of disease from these unhealthy lifestyle habits was

33



equal to that caused by HIV/AIDS and tuberculosis (166). Since then, the increase
in unhealthy habits has continued (30, 106, 108, 167).

This trend has also been described in European patients with cardiovascular risk
factors. From 1999 to 2013, the prescriptions of cardioprotective medications to
coronary patients increased significantly (168). Blood pressure and cholesterol
levels were improved if not by a corresponding magnitude, but the prevalence of
obesity and diabetes increased (168). At the European primary care level, in 2016-
2018, patients at high cardiovascular risk (without known atherosclerotic disease
but with blood pressure drugs, lipid-lowering drugs, or diabetes treatment) showed
poor risk factor control (169). Slightly less than half of the patients (47%) met the
blood pressure target of <140/90 mmHg. Almost half of the patients were obese
(BMI >30 kg/m?), and two-thirds had central obesity (waist circumference >88 cm
for women and >102 cm for men). One-third of the patients with obesity reported
that they had not received dietary advice. Approximately one-third of the patients
were physically active (>30 minutes on average five times/week), while 39% were
not physically active at all nor planned to be. More than half of the patients (55%)
reported that they had not been advised to increase their physical activity (169). A
similar picture has been found in a recent survey specifically in British general
practice (170).

In a Swedish cohort material on women, it has been shown that a low-risk lifestyle
(regarding diet, physical activity, alcohol, smoking, and BMI) substantially reduces
the risk of ischemic stroke, with relative risks from 0.72 for one controlled risk
factor down to 0.38 for full risk factor control compared to none. However, only
1.9% of the cohort (589/31,696) reported a low-risk lifestyle on all five factors
(171).

In summary, there is a significant prevalence of unhealthy lifestyle habits from a
global health perspective. Prevalence is also significant in Europe with regard to
primary as well as secondary cardiovascular prevention. Furthermore, it is evident
that prevention is challenging, including at the general practice level.

Regarding prevention of disease through lifestyle interventions

It is generally agreed that healthy lifestyle habits are an important part of the
prevention and treatment of lifestyle-related diseases (108). However, there is a
professional and scientific discussion regarding in what way lifestyle interventions
are best carried out (172-174). Therefore, I will briefly describe the different levels
of prevention, and some evidence and viewpoints on this theme.

Primordial prevention aims to avoid the development of risk factors for disease, e.g.,
to prevent development of hypertension and subsequent CVD through interventions
regarding diet (113, 175). Primary prevention refers to treating risk factors. This
includes interventions regarding an unhealthy diet as well as high blood pressure,
as these are risk factors for CVD (113, 175). Secondary prevention refers to risk
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factor optimization after disease has become evident, such as after a heart attack or
a stroke, aiming to avoid further damage, disability, and death (113).

Preventive efforts can be undertaken at the population level and/or at the individual
level (113, 125). At the population level, the goal is generally a small improvement
for many people which would result in substantial health benefits by sheer numbers
(113). At the individual level, the aim is to reach the part of the population at greatest
risk with more intensive interventions, producing more effect per person. An
example would be lifestyle interventions for those with a high risk of CVD related
to high blood pressure as primary prevention or for coronary patients as secondary
prevention. This can also be termed a “targeted approach” (125). Modeling studies
indicate that population-based and targeted approaches regarding cardiovascular
risk factor control may have similar effects on the occurrence of cardiovascular
events (176, 177). For population-based approaches, however, even small side
effects need to be carefully considered as these can affect many people (176). For
targeted approaches, on the other hand, total resource use needs to be considered
(177).

There is scientific evidence that public health interventions can be cost-effective
(108, 178). Examples of public health interventions affecting lifestyle habits are
tobacco and alcohol taxes, regulations, and information drives. Information
campaigns regarding diet and physical activity have also been shown to be effective
and are recommended by the WHO (108, 178). The Lancet Commission on
Hypertension advocates a focus on population-based strategies when it comes to
lifestyle but also notes that some individual-based strategies could be of value (113).

From another perspective, the relatively new field of lifestyle medicine has grown
during recent decades (179). Lifestyle medicine emphasizes the importance of
efficient lifestyle interventions to prevent and treat chronic diseases. An example is
cardiac rehabilitation programs, a structured lifestyle intervention after myocardial
infarction and similar events, which has significantly reduced mortality from all
causes. Lifestyle medicine also includes lifestyle interventions through clinical
counseling and motivational interviewing (179). There is scientific evidence
indicating that brief counseling interventions delivered in a health care setting can
be effective for smoking cessation, alcohol use, physical activity, and diet (180-
184). Some studies also reported cost-effectiveness (180, 184). Considering
hypertension, a meta-analysis of RCTs of individual consultations by health care
professionals for lifestyle modification showed a reduction of 4.4 mmHg in systolic
blood pressure (185). Specifically, nurse-led interventions to manage hypertension
have also been found to be effective in terms of lowering blood pressure (mean
differences -5/2 mmHg), improving diet, and increasing physical activity (186).

However, the adequacy of recommendations regarding individually oriented
lifestyle interventions in clinical practice guidelines has been questioned (172, 174).
Critiques concern insufficient scientific evidence for the actual effects of the
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recommended interventions as well as the impossibility of providing such
interventions to all eligible persons, which for the UK has been calculated to require
more physicians and nurses than currently employed by the National Health and
Services (172-174, 187).

Regarding strength of evidence, an approach where RCT evidence can be
complemented by observational studies on long-term effects has been suggested
from the viewpoint of lifestyle medicine and is similar to that put forth in recent
guidelines on blood pressure management (111, 188). However, the fact remains
that primary care professionals in general and GPs in particular have limited time to
provide individual lifestyle advice to patients. Furthermore, guidelines serve to
provide information on which habits are healthy — but not as much on how to
specifically attain them in clinical practice.

Consequently, more efficient and applicable lifestyle interventions are needed.
There is no obvious reason that targeted individual approaches and population-
based efforts should be mutually exclusive. Rather, the most efficient efforts should
be selected and distributed. Here, digital health interventions have been repeatedly
suggested (30, 111, 113, 125).

Digital health interventions for cardiovascular prevention

A pertinent use of the increased opportunities for digital mass communication is
thus to provide lifestyle interventions to patients with cardiovascular risk factors or
CVD. The large group of patients with hypertension is an obvious target population,
which also contains numerous subpopulations. Several studies have investigated
such uses of digital health technologies.

Briefly widening the scope to different types of digital health for patients with
hypertension, home blood pressure monitoring has been used with some success for
over a decade (189). Decreases in systolic/diastolic blood pressure of -5/2 mmHg
have been shown, if initially more costly compared to usual care (189). Turning to
mobile health (mHealth), it has been shown that text messages can significantly
improve medication intake in chronic disease, approximately doubling the odds of
adherence (190).

Considering digital health for lifestyle counseling in hypertension, a 2013 meta-
analysis showed that the reduction of systolic blood pressure (mean of -3.8 mmHg)
was similar to face-to-face lifestyle advice (191). Furthermore, it was indicated that
interventions with a duration of at least six months, those employing at least five
behavioral change techniques, and those that were proactive (sending out messages
instead of waiting for patients to log on) were more effective (191).

A somewhat later review of mHealth for the prevention of CVD through risk factor
modification reported that existing evidence indicated that mHealth was effective,
but that there was a need to discern which type of mHealth was more effective (57).
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In addition, it was suggested to study to what extent personalization and interactivity
was needed (57). A meta-analysis of text messages for CVD prevention, compiling
studies that could affect at least two risk factors, found that there was a weighted
mean difference in systolic blood pressure of -4 mmHg, and in diastolic blood
pressure of -1 mmHg (192). A systematic review specifically regarding the effects
of text messages on blood pressure in patients with hypertension reported that
systolic blood pressure was reduced, and that the odds of uncontrolled blood
pressure were halved in six months (193).

Finally, a relatively recent meta-analysis compared different modalities of digital
health interventions for self-management, including lifestyle change, in patients
with hypertension (98). There was an improvement in blood pressure levels with
overall reductions of -4/2 mmHg, but no significant difference between delivery by
text message, application, or website. The effect was larger for those with higher
blood pressure. The review put forth a need to detail further the mediators and
moderators of the effect of the interventions (98).

All reviews and meta-analyses concluded that digital health could be of use but that
there was substantial heterogeneity between studies, that methodological quality
and risk of bias varied, and that more research was needed (57, 98, 189-193).

In summary, digital health interventions seem to have the potential to facilitate a
change in lifestyle habits and to improve clinical outcomes in patients with
hypertension and CVD. Small but statistically and clinically significant effects have
emerged regardless of the mode of delivery.

TEXT ME and PUSHME

From a primary health care perspective, text messaging has the advantage of being
simple, cheap, and accessible at almost all levels of society. Thus, text messaging
could be an efficient and scalable way to improve lifestyle habits in the growing
group of patients with NCDs, including those with hypertension and CVD.

A relatively early RCT of text messages for cardiovascular prevention was the
Tobacco, Exercise and Diet Messages (TEXT ME) trial. The trial was carried out
involving patients with verified coronary heart disease in a tertiary hospital in
Australia (194). In addition to usual care, the intervention group were sent four text
messages per week for six months. The messages aimed to provide advice,
motivation, and support for lifestyle change. After six months, the intervention
group had increased their physical activity and decreased smoking. The text
message recipients also exhibited significantly lower levels of low-density
lipoprotein cholesterol, systolic blood pressure, and BMI compared to the control
group (194).

To investigate if a similar intervention could be beneficial for Swedish primary care
patients with hypertension, i.e., in a mainly primary preventive context in a different
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country, the Primary care Usage of Health Promoting Messages (PUSHME) trial
was initiated in 2018 (195). The pilot trial showed the feasibility of the study
protocol and also indicated positive trends regarding blood pressure, BMI, glycated
hemoglobin, and cholesterol levels (195). Papers 3 and 4 of this thesis are part of
the PUSHME project.

Theories of health behavior

A brief overview of behavioral theories used in health care

Behavioral theories have been developed in the social and behavioral sciences and
are also used in the health and medical sciences to understand health behaviors and
to design and evaluate behavioral change interventions (196, 197). As lifestyle-
related diseases are an important and increasing contributor to global disability and
death, this interdisciplinary approach appears logical and much needed (117, 196).

Evidence indicates that public health and individual health-promoting interventions
that are based on behavioral theory are more effective than those that are not (196).
However, it has not been possible to provide decisive evidence on the issue due to
methodological problems primarily in terms of possible confounding, difficulties in
reliably quantifying the use of theory, and mixing up of models and theories (198).
At any rate, a large number of behavioral theories have been used with the aim of
providing more effective interventions regarding health behaviors, but a smaller
number have been frequently used. The latter include the health belief model, the
transtheoretical model, social cognitive theory, the social ecological model, and the
theory of planned behavior (TPB) (196). I will briefly describe these theories, with
some more detail regarding the TPB as that theory has been used in several of the
papers included in this thesis.

It should be noted that there seems to be no one theory that is predominant (196).
Also, theories can center around similar ideas and pathways using different
terminology. Some theories and models focus on explaining behavior and some on
changing it, but there is not a clearcut line between the two types of theory as
understanding and change are interrelated (196).

Developed in the 1950s, the health belief model is one of the first and still most used
theories of health behavior (196). The health belief model primarily aimed to
understand participation in specific public screening programs but has since been
extended to include other preventive programs (e.g., vaccination), and lifestyle
behaviors. The model poses that what affects whether a person takes action to
prevent a disease is their perceptions regarding susceptibility and severity, the
perceived benefits and barriers of taking action, and cues to action (196). The
concept of self-efficacy has also been added to the model (199). Self-efficacy is a
person’s perceptions regarding their ability to change (e.g., adopt a new habit) and
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to persist with the change (200). It has been found to be particularly important in
health behaviors (200).

The transtheoretical model of behavior change centers around readiness for change
(196). A key concept is stages of change. To change a behavior, a person moves
through different stages: precontemplation, contemplation (e.g., thinking about a
new habit), preparation, action (adoption of a new habit), and maintenance (keeping
the habit) (196).

Social cognitive theory poses that there is continuous interaction between personal
factors, environmental influences, and behavior (196, 200). Key concepts include
observational learning, self-control, reinforcement, and self-efficacy (196). Social
ecological models contain elements of social cognitive theory. These models focus
on the importance of the environment, and the individual’s interplay with the
environment (196).

In public health and health promotion, focus on the individual or ecological
perspective has varied over decades (196). Up until the 1970s, the importance of
social determinants of health and a community view on prevention were prevalent.
The following two decades saw more of an individual emphasis, focusing on each
person’s ideas and ability to change. Thereafter, the pendulum has been turning back
towards proposing an ecological perspective as a more effective way to attain
behavioral change in matters of public health, but programs to reduce risk factors
often retain an individual focus (196).

The theory of planned behavior and the reasoned action approach

In three out of the four papers of this thesis, I have used the theory of planned
behavior (TPB) and the reasoned action approach to predicting and changing
behavior. As we have seen under the preceding subheading, there are several models
to understand and predict human behavior. These may not primarily have essential
differences but rather more superficial variations. The TPB thus contains elements
of the other theories. It has been suggested by its creators, Ajzen and Fishbein, to be
a comprehensive model to understand and predict human social behaviors, and also
to design interventions to change behavior (77).

The foundations of the theory were laid in the 1960s-1970s, based on prior theory
which proposed that intention was the antecedent of behavior (77). Intention, in turn,
was a function of beliefs about what the behavior would lead to and about the
expectations placed on the individual to perform the behavior (77). An early version
was named the theory of reasoned action. This was followed by the TPB in the early
1990s (76). The TPB has since been extensively tested, adjusted, and found useful
in many different contexts including health behaviors (77, 197, 201, 202). Measures
of the predictors of behavior are generally elicited through questionnaires with
Likert items that are adapted to the specific behavior being studied, and analyzed
through regression analysis (75, 76).
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The TPB is illustrated in Figure 5 (203). In short, for behavior that an individual has
the possibility to affect, the intention to perform the behavior is the most important
direct predictor (77). Intention, in turn, is to a large extent formed by three factors:
attitude toward the behavior, subjective norms, and perceived behavioral control.
Whether an individual takes a positive or a negative stance on these factors depends
on behavioral beliefs (what one thinks will be the consequences of the behavior),
normative beliefs (perceptions of what others think and do), and control beliefs (how
one assesses barriers and facilitators to the behavior, similar to self-efficacy).
Finally, these beliefs are grounded in individual background factors such as age and
knowledge but also social background factors including interventions (77, 203).
Thus, according to the TPB, an individual’s behavior is most affected by an
intervention targeting the beliefs underlying the predictor that has the greatest
influence on intention. For example, if attitude toward the behavior is of most
importance for exercise, an intervention should focus on positive feelings and health
consequences after exercise.

Background Behavioral Attitude
factors beliefs —»  toward the
_— behavior
Individual, e.g.:
Age, gender
Education ; oot . .
GRS, e Momatve . S iertion s sanaver
— —— _7
Social, e.0. T
Ge,t’,’;;f‘-ﬁ”" Perceived ,"
Intervention Control 3 behavioral -/ Actual
beliefs control <--- control
——

Figure 5 The theory of planned behavior with background factors
Schematic presentation adapted from Ajzen and Fishbein (76, 77, 203).

In their 2010 book Predicting and changing behavior: The reasoned action
approach, Fishbein and Ajzen further discussed and elaborated on the theory (77).
A comparably novel development was the dual aspects of the behavioral predictors
(77). Several studies have found that each predictor can be divided into two
components. Attitude toward the behavior may be divided into experiential attitude
(if the behavior will bring a positive or negative experience) and instrumental
attitude (if the behavior will bring positive or negative effects). Subjective norm can
be divided into injunctive norm (what others think) and descriptive norm (what
others do). Finally, perceived behavioral control may be divided into capacity (one’s
perceived ability to perform a behavior) and autonomy (perception that the decision
is up to oneself) (77).
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The full framework and all its developments are referred to by Fishbein and Ajzen
as “a reasoned action approach” (77). However, “the reasoned action approach” is
also a term that is used in the scientific literature to refer to the TPB with its latest
refinements based on the 2010 book. It is in the latter significance that I use the term
“the reasoned action approach” in Paper 3. However, in keeping with the
terminology of the creators of the theory as far as possible, in this thesis summary I
will use the term “the theory of planned behavior” and the corresponding acronym
“TPB” to refer to the theory including its latest refinements.

Contrasting the TPB with other theoretical models as described under the preceding
subheading, one may note that the TPB contains elements of the social ecological
model in the form of environmental factors, social cognitive theory in terms of self-
efficacy, and the health belief model with similarities in the predictors of behavior.
There will be no one theory to address all questions of health behaviors and
promotion. However, the TPB appears to be a good and well-founded option if one
is searching for a model to encompass several different behaviors — and levels to
affect behaviors (77, 196, 202).

Behavioral theories and digital health

Behavioral theories have also been applied with regard to digital health
technologies. Some theories specifically concern the use of technology with the best
known arguably being the technology acceptance model, and the unified theory of
acceptance and use of technology (UTAUT) (204, 205). The UTAUT united eight
different models, which had been used in technology acceptance research into one
model, thus explaining 70% of the variance in intention to use new technology
(compared to 17% to 53% for the original models). The original models included
the theory of reasoned action, the TPB, social cognitive theory, and the technology
acceptance model (204).

The TPB has thus been used to study the adoption of digital health technologies
(204, 205). Still, it has been more frequently applied in the design of digital health
interventions regarding lifestyle and chronic disease (205). According to a
comprehensive review of digital health interventions to prevent and treat CVD, the
most used behavioral theories were social cognitive theory, the transtheoretical
model, and the TPB (197). However, only half of the included studies reported that
they had used a behavior change theory or model. This was suggested as a possible
reason for the large variability in intervention effects (197).
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Rationale

As described in the preceding Introduction, the last decades have seen a global
increase in unhealthy habits and lifestyle-related diseases (30, 106, 108, 166-169,
171). There also appears to be an increased focus on lifestyle recommendations
(108, 172, 174, 179). However, there are not enough health care professionals to
provide individual advice to all eligible patients (173, 187). Thus, health care in
general needs more efficient ways to provide care for a growing patient population.
Furthermore, there is a need to prevent disease in the first place through efficient
actions directed at unhealthy lifestyle habits (108).

During the same period as the rise in NCDs, there has been a rapid development of
new digital tools including digital health technologies. The use of digital health was
further sped up by the COVID-19 pandemic, which put a sudden requirement on
health care to minimize face-to-face contacts (68). The new digital technologies
have also been suggested as one method for more efficiently addressing unhealthy
lifestyle habits (30, 113, 125). Thus, a great deal of hope is put into digital
technologies and use is rapidly increasing (16, 19, 49, 50). This requires a scientific
effort to improve the development and use of digital health and to increase actual
health benefits (51).

Digital health technologies are used in many different contexts and need to be
studied in these contexts to improve use and development. From a southern Swedish
general practice perspective, there were several research gaps with regard to the use
of digital health technologies in clinical practice when this thesis was initiated.

Already before the pandemic, from my personal Swedish GP perspective and from
professional discussions with colleagues, it seemed as if digital health technologies
were not used to their full potential in Swedish health care in general nor in primary
care. However, there was little existing scientific literature regarding GPs’ overall
experience of the use of digital health technologies. A prior study had reported that
southern Swedish primary care physicians expressed a high intention to use digital
health technologies, but low actual use (74). This could thus be further explored to
inform the future use of digital health technologies in primary care from a
professional perspective.

An area of professional and some public debate in Sweden (and internationally) has
been the use of virtual patient visits, primarily with regard to health equity and
resource use (10, 11, 82). Most of these visits had been provided by digital-only,
privately owned health care providers who were publicly reimbursed (10). As the
public health care provider Region Skane, where I am situated, was introducing text-
based virtual visits (eVisits), and other regions were about to do so, it was a timely
area of digital health technologies to evaluate (85, 96). Internationally, some
research was available but according to systematic reviews, more research was
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needed (17, 55, 56). One suggested research question was to further analyze which
conditions are suitable for virtual visits (56).

This still leaves the area of NCDs and digital health technologies out. In contrast to
the two research areas just outlined, the prevention and treatment of lifestyle-related
disease with digital health technologies has a positive aura and is thus a pertinent
contrast for providing a fuller picture of the field of digital health from a southern
Swedish general practice perspective.

In the RCT PUSHME, Swedish primary care patients with hypertension received
health-promoting text messages with the aim to improve blood pressure and other
cardiovascular risk factors (195). Such interventions had been studied with some
success in other contexts, but not specifically in Swedish primary care (98, 192-
194). In addition, patient experience had been comparably little studied, especially
from a behavioral theoretical perspective. Finally, prior studies had requested
continued research into mediators and moderators of effect (98).

The overall rationale of this thesis was thus to address some of the identified
research gaps and thereby contribute to patient benefit and population health in the
context of digital health in southern Swedish general practice.
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A1ims

Overall aim

To explore and evaluate the use of digital tools in the clinical context of primary
care in southern Sweden.

Specific aims

1.

To examine southern Swedish primary care physicians’ experiences of
digitalization in health care as of 2019, with a focus on possible
explanations for a previously reported gap between high intention to use
digital tools and low reported use.

To describe patient characteristics, diagnoses, and subsequent health care
contact in a cohort of patients who completed an eVisit to a nurse or a
physician in primary care in southern Sweden during 2021, and to analyze
whether the need for subsequent health care contacts varied depending on
diagnosis for the eVisit.

To explore participant experience of a text message lifestyle intervention
for patients with hypertension, and implications for future lifestyle
interventions.

To investigate whether health-promoting text messages sent to patients with
hypertension in primary care could affect lifestyle habits, and if the theory
of planned behavior could be used to identify moderators of intervention
effects.
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Methods

Overview

Summary of study designs

This thesis uses different study designs to analyze specific aspects of digital health
in general practice (Table 2). Paper 1 was a qualitative analysis of questionnaire
responses. Paper 2 was a register-based cohort study. Paper 3 was an interview
study. Paper 4 analyzed data from an RCT but also included a questionnaire based
on behavioral theory.

Setting

All studies were carried out in primary care in southern Sweden, primarily using
data from Region Skane but also from the adjacent Regions Kronoberg and Vistra
Gotaland. Region Skane is situated in the southernmost part of Sweden, and home
to 1.4 million inhabitants distributed between cities and rural areas (206).

Sweden has a tax-funded health care system, where 21 self-governing
administrative regions and 290 municipalities are responsible for delivering health
care to their inhabitants (207). Swedish health care legislation states that health care
should be provided respecting equal rights and dignity, and to all inhabitants
according to need. Cost efficiency should also be considered in the organization of
publicly financed health care (208). Health care services can be provided directly
by the regions and municipalities, and in some cases also carried out via private
providers who are then reimbursed (208). This is the case for services provided by
primary health care centers, i.e., general practice.
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Specific methods

Paper 1: Primary care physicians’ experience of digital health

Design, participants, and data collection

This was a qualitative study. In 2019, all primary care physicians in Region Skéne
and Region Kronoberg were invited via e-mail to complete a digital questionnaire
regarding their experiences and attitudes concerning digital health. The
questionnaire contained Likert items, i.e., statements with which the participants
rated their agreement or disagreement on a 7-point scale, inspired by the TPB (74).
The quantitative part of the questionnaire was analyzed before this thesis project
commenced (74). After each section with Likert items there were connected requests
for free-text comments, which were analyzed as a part of this thesis. The areas of
digital health that were covered in the questionnaire included virtual patient
contacts, chronic disease monitoring, and Al.

Approximately 820 primary care physicians at 160 primary health care centers were
invited, and 198 questionnaires were returned with 100 containing one or more free-
text comments.

Data analysis

The free-text comments were analyzed using qualitative content analysis inspired
by Graneheim and Lundman (209). The approach was inductive, labelling meaning
units (short free-text comments, or parts of comments) with codes and sorting these
into subcategories which were then combined into categories. Through researcher
triangulation, we combined the categories into themes. This last step of analysis also
involved a deductive approach, where the material was systematized focusing on
the discrepancy between high intention to use digital health technologies and low
reported use that had been observed in the prior quantitative analysis (74, 76). The
manuscript was written following the Standards for Reporting Qualitative Research
(SRQR) (210).

Paper 2: eVisits to primary care and subsequent health care contacts

Design and participants

This was a register-based cohort study. We studied demographics, diagnoses, and
subsequent health care contacts of patients at Region Skéne’s all-virtual primary
care unit during 2021. All individuals who had conducted an eVisit (a text-based
virtual visit) with Primary Health Care Skane Online (PHC Online) from February
19 to December 31 were included, except for one individual who declined to
participate. Individuals who had conducted a face-to-face or virtual visit with a
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physician for the same type of diagnosis within 14 days before the eVisit were
excluded. The study was carried out and the manuscript was prepared following the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines (211).

Primary Health Care Skdne Online

PHC Online was introduced in 2020 as Region Skane’s first service for eVisits to
primary care. It was an all-virtual unit staffed by nurses and GPs. The service was
primarily directed at patients listed at a primary health care center run by Region
Skéane, but it was open to all inhabitants. Presenting complaints were restricted to
skin conditions, airways and infections, allergies, common childhood problems,
stomach and intestines, urogenital problems, and prescription renewal. The patients
first filled out a digital anamnesis. eVisits were usually initiated by a nurse who
could ask if the patient would like to continue the visit with a GP if needed. Opening
hours were weekdays 8am-5pm and weekends 10am-3pm.

Data sources and variables

We acquired pseudonymized data on eVisits, and health care contacts within two
weeks before and after the eVisit, from Region Skane’s Health Care Databases.
Only index eVisits, i.e., the first visit to PHC Online during the study period, were
analyzed. Variables included sex, age, the patient’s primary health care center, and
data on each health care contact: type of contact, unit, health care professional, and
the International Classification of Diseases 10" Revision (ICD-10) diagnoses. We
also acquired the care need index of the patient’s primary health care center as a
clinic-level measure of socioeconomic index (212).

To answer the research question of whether care-seeking after the eVisit differed
between conditions, diagnostic groups were defined according to the presenting
complaints for which patients could seek PHC Online. The eVisits and follow-up
contacts were then sorted by diagnostic group. For the presentation of descriptive
statistics and for statistical analysis, diagnostic groups including <5% of the study
population were congregated into one group that was named “all other diagnoses”.
This resulted in the data being presented and analyzed according to the following
diagnostic groups: skin, respiratory tract, urinary tract, unspecified (when the
diagnosis did not specify type of condition, e.g., medical advice), and “all other
diagnoses”.

Outcomes

To describe and analyze health care use after an eVisit, the different types of
subsequent health care contacts were grouped into outcome variables. The outcome
variables specified type of contact (face-to-face visit, virtual visit, telephone contact,
or other remote contact), health care professional (nurse or physician), and health
care level (primary care, emergency care, inpatient care, or specialist outpatient
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care). Subsequent face-to-face visits to a physician were also grouped regarding if
the contact concerned the same diagnostic group as the eVisit. For the other types
of subsequent contacts, this was not possible due to missing data on diagnosis. An
example of an outcome variable is thus a “face-to-face visit with a physician in
primary care for the same diagnostic group as the eVisit”. Each outcome variable
was coded “yes” if there were one or more contacts of the specified type.

Sample size

The sample size was estimated to find a five percentage point difference in
subsequent health care contact rates between major diagnostic groups for the eVisit
with an a level of 0.05 and 80% power. Calculations based on preliminary data from
PHC Online suggested a study size of 4500 patients who had conducted an eVisit
with a GP or a nurse, respectively.

Statistics

Differences in patient characteristics per diagnostic group, and between those who
had a subsequent health care contact or not, were analyzed using Pearson’s chi-
square test for categorical variables and one-way analysis of variance or Kruskal-
Wallis test for continuous variables depending on distribution. We used the
Bonferroni correction for post-hoc tests regarding which diagnostic groups differed
in subsequent health care contact frequency.

To account for differences in age, sex, and care need index between the diagnostic
groups, we also analyzed subsequent health care contact frequency (outcome)
depending on the diagnostic group for the eVisit (predictor) using multiple logistic
regression. We set the diagnostic group “all other diagnoses”, which contained a
varied spectrum of diagnoses, as the reference group. Analyses were conducted for
all eVisits, and for eVisits with a nurse and a GP respectively. As a subsequent
analysis, the largest diagnostic groups — skin diagnoses and respiratory tract
diagnoses — were divided into subgroups as they contained some different subsets
of diagnoses.

The PUSHME trial

Papers 3 and 4 are part of the PUSHME project. Material and methods relevant to
both papers are described below, and information pertaining to the separate papers
will be detailed subsequently.

Design and participants

PUSHME was a multi-center RCT investigating the effects of health-promoting text
messages sent to primary care patients with hypertension (195, 213). Patients aged
40-85 years with a diagnosis of hypertension (ICD-10 code 110.9) were randomly
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selected from the patient register at 10 primary health care centers in southern
Sweden and invited to participate. Exclusion criteria were blood pressure >180/110
mmHg, systolic blood pressure <120 mmHg, life expectancy <1 year due to serious
illness, or expected inability to follow the study protocol (e.g., cognitive impairment
or language difficulties). The primary outcome measure of the PUSHME trial was
blood pressure change. Secondary outcome measures were changes in other
cardiovascular risk factors including lifestyle habits. The trial took place from 2020
to 2023.

Randomization and blinding

After a baseline visit with a study nurse, participants were allocated 1:1 to
intervention or control (treatment as usual) by a researcher not connected to the
study site, using a computer-generated predefined block sequence for each study
site. The patient was informed via postal mail. The patient’s GP and the study nurse
were blinded to the allocation.

Intervention

The intervention group were sent four health-promoting text messages per week for
six months. The messages had been designed by the researchers using national
guidelines, regional expert support, and participant input from the pilot trial.
Messages belonged to one of four groups: general information on cardiovascular
health (including alcohol), diet, physical activity, or smoking. Participants received
at least one randomly selected message from each group per week. The text
messages began with “Hi [name]...”, and only smokers were sent messages
regarding smoking, but the intervention was not personalized in any other way.

Paper 3: Patient experience of health-promoting text messages

Design and participants

This was a qualitative interview study. As part of the six-month follow-up visit of
the PUSHME trial, participants who had been allocated to the intervention group
were asked if they would be willing to participate in a telephone interview regarding
their experience of the intervention. Interview study participants were then
purposefully selected from those who had provided a positive answer. A total of 14
participants were included before saturation was deemed to have been reached.

Data collection

Interviews were conducted via telephone, using a semi-structured interview guide.
The interview guide was evaluated and refined after the first two interviews.
Interviews were recorded and transcribed verbatim.
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Data analysis

Analysis was performed using the method of systematic text condensation as
described by Malterud (214, 215). We used the TPB as further specified in the
reasoned action approach as a theoretical framework (76, 77). However, as
systematic text condensation is primarily an inductive analysis style that was chosen
to allow for the participants’ views to be comprehensively explored without initial
limitations being put by theory, the theoretical framework was only used in the final
stages of analysis.

After finding preliminary themes through repeated reading of the first four
interviews, meaning units were extracted from the material and sorted into code
groups according to the preliminary themes (214, 215). The code groups were
further refined into subgroups. For each subgroup, the meaning units were united
into condensates (i.e., constructed quotes). The condensates were then used as the
basis for an analytical text. At this stage, the results were reconnected to the research
question and the theoretical framework. The same stepwise sequence of analysis
was then carried out on three additional interviews, adding new material and
reorganizing prior material. This stepwise sequence was then repeated until
saturation was deemed to have been reached after a total of four rounds of analysis
and 14 interviews. The final analytical text was reconnected to the source material
by re-reading the interview transcripts. Researcher triangulation was performed
repeatedly (214, 215). The manuscript was prepared according to the Consolidated
Criteria for Reporting Qualitative Research (COREQ) checklist (216).

Paper 4: Behavioral effects of health-promoting text messages

Design

Paper 4 was part of the RCT PUSHME (195, 213). The paper covered the behavioral
effects of health-promoting text messages by analyzing lifestyle outcomes and a
questionnaire inspired by the TPB. The manuscript was prepared according to the
Consolidated Standard of Reporting Trials (CONSORT) guidelines (217).

Lifestyle outcomes

Data were collected by a study nurse at the baseline visit and the six-month follow-
up visit. Lifestyle habits regarding tobacco use, alcohol use, and physical activity
were self-reported by the participants using a questionnaire. Alcohol use was
reported in the number of standard drinks per week (<1, 1-4, 5-9, 10-14, 15-19,
>19). For physical activity, we used two validated questions from the National
Board of Health and Welfare which covered moderate-intensity physical activity
(such as walking) and vigorous-intensity physical activity (such as running) (218,
219). For analysis, smoking was coded “yes” or “no”. Alcohol use was divided into
low consumption (<4 standard units per week) or moderate to high consumption (>4
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standard units per week) (142). For physical activity, the formula (moderate-
intensity + 2*vigorous-intensity activity) was used to calculate activity minutes per
week. Participants were classified as physically inactive (<150 activity minutes per
week) or physically active (=150 activity minutes per week) according to WHO
guidelines (167, 218, 219). A lifestyle index was created based on the dichotomized
lifestyle habits (smoker or not, alcohol use with cut-off >4 standard units per week,
and physical activity with cut-off <150 minutes per week).

The theory of planned behavior

At the baseline visit, participants completed a pragmatic questionnaire inspired by
the TPB (Figure 5) (76). The questionnaire was constructed based on a manual,
through selection and adaptation of a small number of statements to cover important
elements of the theory without making the total number of questions to be answered
by the participants unmanageable (220). Participants rated their agreement or
disagreement with the statements on a 7-point Likert scale. The primary purpose of
the questionnaire was to find predictors to help select patients who would be more
likely to have an effect of the intervention. A secondary purpose was to describe
and better understand the intervention from a behavioral perspective.

Statistics

Analysis was performed according to the intention-to-treat principle. As a
sensitivity analysis, we also performed a complete case analysis. Lifestyle outcome
variables were analyzed by comparing the intervention and control groups at follow-
up with adjustment for baseline. Dichotomous outcome variables (smoker or not,
alcohol use 0-4 or >4 standard units per week, physical activity <150 or >150
minutes per week, and lifestyle index of 0 or >1 unhealthy habits) were analyzed
using binary logistic regression with intervention status and baseline habit as
covariates. For analysis of the full range of alcohol use, and for the full lifestyle
index, we used ordinal logistic regression. Physical activity minutes per week at
follow-up were analyzed using one-way analysis of covariance with baseline
physical activity as covariate and intervention status as fixed effect.

Participant baseline ratings on the TPB questionnaire were analyzed using multiple
linear regression (221, 222). To analyze the relative weight of the different
predictors on behavioral intention for lifestyle change, ratings on the predictors were
entered as independent variables, and behavioral intention as the dependent
variable. Analyses were adjusted for age and sex.

To analyze whether the TPB could be used to predict lifestyle change in the total
cohort, ratings on perceived behavioral control and behavioral intention were
entered as covariates in the binary logistic regression analyses of lifestyle habits (76,
77). To analyze whether the TPB could be used to predict the effects of health-
promoting text messages, the ratings were also added as interaction terms with
intervention status in the regression analyses.
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Ethical considerations

General ethical considerations

The studies that are included in this thesis did not pose any obvious risks to the
participants. Paper 1 requested the views of health care professionals through a
digital questionnaire. Paper 2 analyzed register data with due precautions regarding
safe data handling.

For Paper 3, telephone interviews of 30-60 minutes were conducted, which required
both time and effort from the participants. Furthermore, interviews can bring up
thoughts and ideas that the participants then need support handling. The participants
were encouraged to contact the person responsible for the study should needs or
questions arise, but as the subject of lifestyle and hypertension was not considered
to include emotionally sensitive issues no other follow-up was offered.

For Paper 4, patients with hypertension were randomized to receive health-
promoting text messages or treatment as usual. Here, too, time and effort were
required from the participants when they underwent a baseline and a follow-up visit.
In addition, the text messages could stir emotions and could potentially mean a risk
to the participants if suggesting activities or ideas that could be harmful. This was
considered in the development of the text messages, and no harm was reported.
Finally, if extreme measures were found at the baseline or follow-up visit, the
patient’s physician was informed.

Thus, a major ethical consideration is to make the time and effort of the study
participants — and participating health care professionals and researchers —
worthwhile by analyzing, interpreting and using the material and knowledge gained
to the best of our ability.

Specific ethical considerations

All studies in this thesis were approved by the Swedish Ethical Review Authority
as required (Paper 2: dnr 2019-06388 and dnr 2023-06551-02, Paper 3: dnr 2019-
06361 and dnr 2021-02802, Paper 4: dnr 2019-06361).
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Paper 1 (questionnaire to primary care physicians) handled only anonymous data,
and no sensitive personal data, and thus did not require ethical vetting according to
an advisory statement by the Swedish Ethical Review Authority. Research
Electronic Data Capture (REDCap) was used for secure data collection (223, 224).
Participant information about the study was included in the digital questionnaire.
Informed consent to participate, including publication of anonymized comments,
was provided by submission of the questionnaire.

For Paper 2 (register-based study of eVisits), patients received information about
the study when they logged in at PHC Online, including how to opt out. Written
informed consent to participate was waived by the Swedish Ethical Review
Authority (dnr 2019-06388). Permission was granted from Region Skane’s
Committee for Quality Registers, Health Care Databases, and Drafting (in Swedish:
Samradsgrupp for kvalitetsregister, varddatabaser och beredning [KVB]) for
acquiring pseudonymized data from Region Skéne’s Health Care Databases. A data
management plan was developed and stored digitally at Lund University’s DMP
Roadmap (which was then transferred to DMP Online).

For Papers 3 and 4 (PUSHME interview study and RCT), all research subjects were
informed orally and in written form regarding the research project that they were
approached to participate in, and that participation was voluntary at all stages. The
subjects also signed an informed consent form before enrollment. This was done for
PUSHME RCT, and separately for the interview study. PUSHME RCT was
registered at clinicatrials.gov (NCT03442257). To ensure adherence to the study
protocol, all study sites were monitored by an external expert in Good Clinical
Practice. REDCap was used for secure data collection (223, 224).

For Papers 2-4, personal and sensitive data were stored and handled in Lund
University’s high-security database for sensitive research data (LUSEC). Data were
pseudonymized before analysis, and the code key was stored safely and separately
from the data.

Author contributions

Some author contributions may be evident from the Methods section, but for clarity
I will also detail my contributions to the different papers included in the thesis. My
contributions were made in collaboration with the other co-authors as appropriate.

For Paper 1, design, data collection, and initial analysis took place before the start
of my PhD studies. My contribution was to continue, question, and refine the
qualitative content analysis of the material, and to finalize the analysis with one eye
on the results of the quantitative analysis of the questionnaire and another on the
TPB. I wrote and edited the English draft of the manuscript in collaboration
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primarily with co-author MP. 1 also submitted the manuscript, was the
corresponding author, and made the revisions.

For Paper 2, I reviewed the scientific literature, wrote the project plan, acquired
data, processed and analyzed the data, wrote the manuscript, was the corresponding
author, and revised the manuscript.

For Paper 3, I planned and carried out the study at all stages. I reviewed the
literature, suggested theoretical framework and analytical method, constructed the
interview guide, wrote the application for additional ethical approval, selected and
contacted the participants, conducted the interviews, transcribed the first seven
interviews, conducted the analysis with repeated triangulation with the other
researchers, prepared the manuscript, was the corresponding author, and revised the
manuscript.

For Paper 4, I detailed the project plan for this specific sub-study in the PUSHME
project, carried out data analysis and interpretation, wrote the manuscript, was the
corresponding author, and revised the manuscript.
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Results

Paper 1: Primary care physicians’ experience of digital

health

A total of 100 primary care physicians from southern Sweden submitted one or more
free-text comments regarding their experiences of digital health. The results of the
qualitative content analysis are summarized in Figure 6.

Attitudes

Barriers

Concerns

Different opinions among
physicians

Useful under certain conditions

The value of the multifaceted
personal meeting

Challenges due to a deficient
technological infrastructure

Risks for the patients

Risks for the profession

Positive physician
Sceptical physician
Suitable for some patients,

complaints, and requests
Need for evaluation

The value of the multifaceted
personal meeting
Deficiencies in existing technology

Technology not available

Risk of patient harm

Increased health care disparities

Stressful time-thief
Too many patient access routes
Too high accessibility

Figure 6 Themes, categories, and examples of subcategories
Summary results of qualitative content analysis regarding southern Swedish primary care physicians’
experience of digital health.
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The physicians expressed attitudes towards digital health that were predominately
positive at the general level and regarding future possibilities, as exemplified by the
following comment made by one of the participants:

Stands for development and modernization of primary care.

However, when it came down to specifics the focus was on clinical usefulness,
which may be best summarized by the category heading “Useful under certain
conditions”. It is also illustrated by a remark from one of the physicians:

It of course depends a lot on how it is used, in which situations, what implementation
looks like... Feels like a good alternative in some cases.

Most comments concerned virtual patient contacts, and these were thought to be
appropriate primarily for simple complaints or requests from digitally literate
patients that the physician preferably had knowledge of. The need for evaluation
was raised.

Barriers to the use of digital health technologies were identified in the form of the
loss of personal contact with patients when digital filters got in the way and a
deficient technological infrastructure. This was well summarized by some of the
participants:

As a general practitioner, I am a specialist in meeting patients, in conversations with
the patient, in seeing the whole picture, and I feel that the conversation and personal
contact with the patient is being phased out.

First, we need better digital tools that are better adapted to the needs of patients and
health care providers...

The physicians also conveyed several concerns regarding digital health, most
notably risks for patient harm, increased health care disparities, and increased stress
in the work environment. Major problem areas identified included deficiencies in
the quality and usability of digital health technologies, and an increased number of
patient access routes.

We ‘drive the car while we build it’, and it does not feel good considering that it is
patients that we take care of...

Health care becomes too easily accessible. Only minor ailments can be dealt with.
Because health care resources are insufficient, this contact method takes resources

from those who need it better.

In summary, the primary care physicians were positive regarding the possibilities of
future development but identified several problems and risks with digital health.
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Paper 2: eVisits to primary care and subsequent health
care contacts

A total of 10 084 index eVisits to PHC Online were analyzed where 5817 were visits
with a nurse only and 4267 were visits with a GP. Regarding demographics, women
were more frequent visitors than men (6193/10 084, 61.4%), and few patients were
older than 60 years of age (Figure 7).
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Figure 7 Age distribution for eVisits with PHC Online (N = 10 084)
Distribution of age groups for the patients who completed an index eVisit with a nurse or a general
practitioner at PHC Online during the study period.

Most patients were diagnosed with skin conditions, followed by respiratory tract
conditions and urinary tract conditions (Figure 8).
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Figure 8 Diagnoses for eVisits with PHC Online (N = 10 084)

Visit diagnoses for the patients who completed an index eVisit with a nurse or a general practitioner at
PHC Online during the study period. Unspecified = ICD-10 codes that did not indicate symptoms or
diagnosis, e.g., medical advice. All other = all diagnoses except skin, respiratory tract, urinary tract, and
unspecified diagnoses.
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The majority of patients (7478/10 084, 74.2%) did not require a subsequent face-to-
face visit with a nurse or a physician within 14 days after the eVisit. Of the patients
who did require a face-to-face visit, the majority remained in primary care. The most
common face-to-face follow-up was with a primary care physician (1671/10 084,
16.6%). Only 1.6% of the patients visited an emergency unit (160/10 084), and 0.4%
(36/10 084) were admitted to hospital.

Subsequent face-to-face visits were more frequent after an eVisit with a nurse than
after an eVisit with a GP (P <.001) (Figure 9).
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nurse or physician physician in primary  physician in primary
care care for same
diagnostic group as
eVisit

Proportion of index eVisits

OlIndex eVisit to nurse (n=5817) OIndex eVisit to general practitioner (n=4267)

Figure 9 Face-to-face visits after an eVisit with a nurse or a general practitioner (N = 10 084)
Subsequent visits within 14 days after an index eVisit with a nurse or a general practitioner at PHC
Online during the study period. The types of subsequent visits are presented with increasing precision
from a primary care perspective.
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There was also a statistically significant difference in subsequent face-to-face visit
frequency depending on diagnosis for the eVisit (Table 3). The difference in follow-
up depending on diagnostic group was mainly evident after an eVisit to a GP (data
published in Paper 2 including supplement).

Table 3 Face-to-face visits after an eVisit depending on diagnosis (N =10 084)

Comparison of subsequent visit frequencies within 14 days after an index eVisit to PHC Online depending
on eVisit diagnosis. The types of subsequent visits are presented with increasing precision from a primary
care perspective.

Diagnostic n Subsequent | P Subsequent | P Subsequent | P
group for visit to value | visitto value | visitto value
index eVisit nurse or physician physician
physician, in primary in primary
n (%) care, n (%) care for
same
diagnostic
group as
eVisit, n (%)
Skin 4769 | 1172 (24.6)* | <.001® | 676 (14.2)* <.001® | 537 (11.3)* <.0018
Respiratory | 2009 | 538 (26.8)*% 405 (20.2)° 306 (15.2)°
tract
Urinary tract | 568 166 (29.2)*5 115 (20.2)° 92 (16.2)°
Unspecified! | 1241 | 377 (30.4)° 254 (20.5)° 5 (0.4)°
All other? 1285 | 302 (23.5)* 187 (14.6)* 101 (7.9)
No 212 51 (24.1) 34 (16.0)° 0 (0.0)°
diagnosis®
Total eVisits | 10 2606 (25.8) 1671 (16.6) 1041 (10.3)
084

1ICD-10 codes that did not indicate symptoms or diagnosis.

2All diagnoses except skin, respiratory tract, urinary tract, and unspecified.
3eVisits with no diagnosis were excluded from the analysis of differences between groups.

“"Each number denotes a subset of diagnostic groups whose variable proportions did not differ
significantly at the .05 level with Bonferroni correction.
8Pearson’s chi-square test.
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In logistic regression analysis, the adjusted odds ratio for a subsequent face-to-face
visit after an eVisit with a GP was raised for respiratory tract diagnoses, urinary
tract diagnoses (almost exclusively infections), and unspecified diagnoses,
compared to a group with various other diagnoses (Table 4).

Refining the analysis to diagnostic subgroups, the follow-up frequency was most
significantly raised for respiratory tract infections and unspecified skin diagnoses.
The difference became more pronounced if only follow-up for the same diagnostic
group as the eVisit was considered (Table 4).

Table 4 Odds ratio' for a face-to-face visit after an eVisit depending on diagnosis (n = 4176)
Binary logistic regression' with subsequent visit within 14 days after an index eVisit to a general
practitioner at PHC Online as the outcome variable, and eVisit diagnosis as the predictor variable.

Diagnostic groups and n Subsequent face-to-face visit within 14 days, odds
subgroups for index eVisit ratio' (95% Cl)
to a general practitioner
Visit to physician in Visit to physician in
primary care primary care for same
diagnostic group as eVisit
Skin? 1879 1.29 (0.95-1.76) 2.03 (1.33-3.10)
Skin infection® 516 1.31 (0.88-1.94) 2.20 (1.33-3.64)
Skin allergy or eczema?® 580 0.94 (0.62-1.41) 1.36 (0.79-2.33)
Other skin® 451 0.95 (0.61-1.48) 1.31 (0.73-2.34)
Unspecified skin® 332 2.51 (1.70-3.71) 4.10 (2.49-6.76)
Respiratory tract? 775 1.92 (1.37-2.68) 2.82 (1.80-4.44)
Respiratory tract 514 2.55 (1.80-3.61) 4.15 (2.62-6.57)
infection®
Other respiratory® 261 0.82 (0.47-1.44) 0.52 (0.20-1.37)
Urinary tract? 351 1.73 (1.15-2.61) 2.62 (1.54-4.47)
Unspecified? 431 2.43 (1.69-3.50) 0.12 (0.03-0.52)
All other?3 740 1.0 (Ref.) 1.0 (Ref.)

"Adjusted for age, sex, and care need index of the patient’s registered primary health care center.
2Model with diagnostic groups.
3Model with diagnostic subgroups.

In summary, patients who completed an eVisit with PHC Online were comparably
young, and most commonly had skin conditions. A majority of patients did not need
to seek further care, and very few patients required emergency care. Subsequent
face-to-face visits were more frequent after an eVisit with a nurse than with a GP.
Primarily after an eVisit with a GP, follow-up contacts were more common if the
patients had been diagnosed with an infection (especially respiratory tract) or
received an unspecified diagnosis, than for a group with a varied selection of
diagnoses.
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Paper 3: Patient experience of health-promoting text
messages

From Paper 2 to Paper 3, we change the perspective from numbers describing virtual
visits to interviews describing patient experience of a digital lifestyle intervention.

The primary care patients with hypertension who received health-promoting text
messages generally expressed their experience of the intervention in positive terms
but also provided neutral and some critical viewpoints. The analysis of the telephone
interviews, with a total of 14 purposefully selected participants, resulted in three
themes composed of two categories and several subcategories each, as shown in
Figure 10.

Blood pressure and lifestyle, how seriously to take it?

Lifestyle is important for blood pressure -
right?
Lifestyle during health care visits
Lifestyle affects blood pressure

High blood pressure, is it serious or not?
Thoughts about blood pressure
Fear of cardiovascular disease

v

The text messages - a useful reminder in need of tailoring

A useful and rational reminder Need of tailoring and revelations
"A useful reminder” Individualization
Simplicity and wealth of information More "eureka moments"
J/

Water off a duck's back or "a kick in the pants" -
when does behavior change?

Like water off a duck's back A push to change
’| already knew it” "Keep up the good work”
Feelings of guilt "One more push in the right direction”
Could be good for others Specific changes

Figure 10 Themes, categories, and examples of subcategories
Results of qualitative analysis of participant interviews regarding the experience of receiving health-
promoting text messages as an intervention in the treatment of hypertension in primary care.
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Blood pressure and lifestyle, how seriously to take it?

The first theme covered the respondents’ knowledge and thoughts regarding
hypertension and lifestyle. We identified a need for more detailed knowledge about
the relationship between lifestyle, hypertension, and CVD, as illustrated by this
interview quote:

Yes, above all it’s the alcohol. Then of course heredity can be of some importance.
And maybe also what you eat and what kind of lifestyle you have and such. (...) No,
above all it’s that. And maybe a little bit the alcohol. (Participant no. 6)

The participants also expressed openness and even a wish for more discussion of
lifestyle habits at health care visits for hypertension. Thoughts about the seriousness
of the condition and regarding the risk for CVD varied greatly from no expressed
worries to a clearly expressed fear:

Yes, yes, the blood pressure, it... Maybe you don’t take it that seriously, when you
don’t have so to say any pain from it. (Participant no. 14)

And then she had a stroke. So you think that so that you don’t have one yourself. But
she had a very high blood pressure. (Participant no. 5)

The text messages — a useful reminder in need of tailoring

The second theme focused on the participants’ experience of the specifics of the
intervention, i.e., the text messages. In general, the messages were perceived as
rational and useful reminders.

You go and sit down on a couch or whatever, you pick up the phone and then you see
that you have gotten a text. That’s actually a perfect moment to get the message.
(Participant no. 8)

There were also suggestions for improvements, centering on increased
individualization of the text messages according to personal habits, knowledge, and
circumstances. In addition, some participants articulated a need for advice that
would be perceived as new:

Well, it isn’t anything that’s given me an eureka moment or any kind of...
(Participant no. 9)

Water off a duck’s back or a kick in the pants — when does behavior change?

The third theme compiled the participants’ descriptions and thoughts regarding
lifestyle change. Here, it became evident how some participants responded to the
push to change from the text messages, while others did not, resulting in two
different categories. However, the respondents could also fit into both categories
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with respect to separate responses and behaviors. Two quotes can be used to further
illustrate and summarize these two categories:

Because often you might think ‘I already knew it’. It isn’t any secrets and news about
how you should lead your life and what you should do and so on. Most people already
know all of this. (Participant no. 8)

But it pushed me, because there is always something that you can learn a bit more
about. And then you have to decide that you will follow it, that you do it. (Participant
no. 4)

Analyzing the material in the framework of the TPB as further specified in the
reasoned action approach, we arrived at some factors that appeared to be of
importance for participants who described lifestyle change in relation to receiving
the text messages:

e Taking note of the fact that the sender was “health care”.

e Advice in association with a diagnosis or other motivating factors.
e Adpvice that the participants could apply in their daily life.

e Advice that was perceived as new.

An illustration of how the results were structured using the theoretical framework is
provided in Figure 11.

In summary, the intervention appeared to be well-tolerated and mostly appreciated.
However, it was described as effective only in certain circumstances. Tailoring of
the intervention was suggested by the participants.
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Paper 4: Behavioral effects of health-promoting text
messages

Paper 4 analyzed the behavioral effects of the text message intervention that was
studied qualitatively in Paper 3. From September 2020 to December 2022, a total of
401 participants were included, with 193 allocated to control and 208 to
intervention. A total of 29 participants did not attend the follow-up visit after six
months, resulting in a dropout rate of 7.2% where most belonged to the control
group (24/29). Selected baseline characteristics of the participants are presented in
Table 5.

Table 5 Baseline characteristics of trial participants by treatment group and total (N = 401)

Variable Control Text Total
(n=208) messages (N = 401)
(n=193)
Women, n (%) 103 (49.5) 88 (45.6) 191 (47.6)
Age (years), mean (SD) 69.0 (9.8) 68.2 (8.9) 68.6 (9.4)
Upper secondary or higher education, n (%) 153 (73.6) 139 (72.0) 292 (72.8)
>5 years with hypertension diagnosis, n (%) 143 (68.8) 129 (66.8) 272 (67.8)
Previous cardiovascular disease, n (%) 30 (14.4) 28 (14.5) 58 (14.5)
Body mass index (kg/m?), mean (SD) 28.7 (5.1) 28.4 (4.8)" 28.6 (5.0)'

Systolic blood pressure (mmHg), mean (SD) 140.5 (13.1) 140.4 (13.0) 140.5 (13.0)

Diastolic blood pressure (mmHg), mean (SD) 84.6 (10.6) 83.5(9.4) 84.1 (10.0)
Current smoker, n (%) 7(3.4) 10 (5.2) 17 (4.2)
Current snus? user, n (%) 16 (7.7) 14 (7.3) 30 (7.5)
Alcohol >4 standard drinks/week, n (%) 57 (27.4) 47 (24.4) 104 (25.9)
Physical activity <150 minutes/week?, n (%) 66 (31.7) 62 (32.1) 128 (31.9)
Physical activity minutes/week®, mean (SD) 237.5 (153.3) 243.7 (151.3) 240.5 (152.2)
Behavioral intention for healthy lifestyle*, n (%) 140 (67.3) 134 (69.4) 274 (68.5)

'One patient’s data missing.
2A Swedish moist tobacco powder that is put under the upper lip.

3Calculated as (2*vigorous + moderate activity) from mid-point values of answer options with ranges of
minutes of activity/week.

“Likert rating of 5-7 on statement “| plan to make a lifestyle change and/or retain a healthy lifestyle
onwards” where 1 = “completely disagree” and 7 = “completely agree”.

We found that there was no difference in smoking habits between the intervention
and control groups at six months follow-up adjusted for baseline (data in Paper 4).
However, as shown in Table 6, there was a statistically significant change toward
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improved lifestyle habits regarding alcohol use as well as physical activity for the
text message group as compared to the control group at follow-up.

Table 6 Lifestyle habits before and after a health-promoting text message intervention (N = 401)

Variable Control Text messages Text messages vs
(n=208) (n=193) control at follow-up,
adjusted for baseline

Odds ratio (95% CI)

=1 unhealthy habits at baseline, 114 (54.8) 100 (51.8)

n (%)

=1 unhealthy habits at follow-up, 117 (56.2) 85 (44.0) 0.53 (0.33-0.87)"
n (%)

Alcohol >4 standard drinks per 57 (27.4) 47 (24.4)

week at baseline, n (%)

Alcohol >4 standard drinks per 58 (27.9) 37 (19.2) 0.35 (0.15-0.81)2
week at follow-up, n (%)

Physical activity <150 minutes 66 (31.7) 62 (32.1)

per week? at baseline, n (%)

Physical activity <150 minutes 75 (36.1) 54 (28.0) 0.60 (0.37-0.98)*

per week® at follow-up, n (%)

Mean difference (95% ClI)

Physical activity minutes per 237.5 (153.3) 243.7 (151.3)
week® at baseline, mean (SD)
Physical activity minutes per 234.6 (149.2) 264.2 (152.4) 25.8 (2.7-48.9)°

week? at follow-up, mean (SD)

'Binary logistic regression with baseline unhealthy habits as covariate.

2Binary logistic regression with baseline alcohol use as covariate.

3Calculated as (2*vigorous + moderate activity) from mid-point values of answer options with ranges of
minutes of activity per week.

“Binary logistic regression with baseline physical activity level as covariate.

50One-way analysis of covariance with baseline physical activity minutes as covariate.

The majority of participants stated a favorable intention regarding lifestyle change
at baseline (Table 5). However, analysis according to the TPB could not contribute
to explaining or predicting intervention effects. Perceived behavioral control in the
form of perceived capacity to make a lifestyle change showed the highest correlation
with ratings on behavioral intention to make a lifestyle change, but still only
explained 32% of the variance in behavioral intention. The predictive ability of the
model was not notably improved when all predictors were added (R*=36%). There
were no significant correlations between baseline ratings on the TPB questionnaire
and reported lifestyle changes during the intervention (data published as supplement
to Paper 4).

In summary, we saw a statistically significant effect of health-promoting text
messages on lifestyle habits in the form of alcohol use and physical activity. The
effect could not be explained or predicted by a pragmatic application of the TPB.
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Discussion

Main findings

The main specific findings of this thesis are as follows:

L.

As of 2019, southern Swedish primary care physicians were positive
regarding digital health at the general level. However, the physicians also
expressed that the technological infrastructure needed improvement, and
that patient safety and workload issues must be considered more in-depth
when new digital health technologies were introduced. Virtual patient
contact was an important area of concern.

Patients who performed a text-based virtual visit (eVisit) to primary care in
Region Skane in 2021 were mostly young to middle-aged, and the most
common diagnosis was skin conditions. The majority of patients did not
need to seek face-to-face care within 14 days, and there were few
emergency visits. Subsequent face-to-face visits were more common after
an eVisit to a nurse than to a GP. After an eVisit to a GP, follow-up visits
were more frequent for patients with infections (especially respiratory tract)
and unspecified diagnoses compared to a group with various other
diagnoses.

Health-promoting text messages to patients with hypertension in primary
care were generally appreciated and well-tolerated. The text messages
appeared to have the potential to affect lifestyle habits in some patients, and
increased individualization may improve effectiveness.

The health-promoting text messages had a statistically and potentially
clinically significant effect on lifestyle habits in the form of decreased
alcohol use and increased physical activity. A pragmatic application of the
theory of planned behavior could not contribute to explaining or predicting
the effects.
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Discussion of methods

General remarks relating to methods

On the overall and specific aims

The aim of a research project is a pertinent starting point for a discussion of methods,
as the methods should correspond to the aim. For this thesis, the overall aim was “to
explore and evaluate the use of digital tools in the clinical context of primary care
in southern Sweden”. Then, there were also aims of the specific research projects
that provided a focus on staff and patient experience, eVisits and health care use,
and lifestyle change using digital health technologies.

The aim of the full thesis project was thus broad, and the specific papers covered
different areas of digital health. This relative broadness can be seen as a strength in
that it provides a diverse picture of digital health in primary care in southern
Sweden. Such a picture may be useful for distinguishing and beginning to evaluate
possible ways forward. However, the broad aim is a weakness in that it is difficult
to answer in a simple and clinically applicable way.

An alternative aim would have been to evaluate a specific digital health technology.
I could, for example, have chosen to study only eVisits to PHC Online. Separate
papers could then have covered nurse and GP experience, patient experience, the
register-based study (Paper 2), and maybe an RCT of virtual versus face-to-face
visits. That would have allowed for more detailed conclusions on virtual visits.
However, it would have decreased the broadness that can be seen as a hallmark and
strength of primary care.

A short note on methods

Just as the aim was broad, the methods were too, ranging from qualitative analysis
of interviews and questionnaires through a register-based cohort study to an RCT.
To some extent, a common thread of the papers was the use of the TPB. The choice
of methods as well as theoretical framework was primarily based on the research
questions, but also on the experience of the researchers conducting the studies.
Below, I will discuss the methods used in the specific studies. Alternative methods
will also be discussed. To focus on methods, the order of the papers will be
modified. Then a general discussion regarding methods will follow.

Discussion of methods used in the papers

Papers 1 and 3: Qualitative studies

Paper 1 and Paper 3 were both qualitative studies, however quite different in nature.
A methodological discussion thus may benefit from covering both papers under the
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same heading, allowing for comparisons. Malterud’s introduction to qualitative
methodology is the primary methodological source used in this discussion (215).

Paper 1 aimed to explore primary care physicians’ experiences of digital health, with
a focus on why the physicians had reported high intention to use digital tools but
low actual use. A qualitative approach thus appears logical. However, our choice to
use free-text comments supplied in a digital questionnaire may be further motivated.
The simple reason is that the free-text comments were supplied in the same
questionnaire where the discrepancy between intention and use had been reported.
Also, a strength of using a digital questionnaire is the possibility to reach many
respondents and thus get a larger selection than would have been the case with an
interview or a focus group study. However, an interview study would likely have
supplied more nuanced and elaborate information. A focus group study would have
added the value of synergies in discussions but may also have produced more
homogenized material.

Regarding Paper 3, in contrast to Paper 1, the potential participants were primary
care patients with hypertension who had been allocated to the intervention group in
an RCT of health-promoting text messages. Here, the aim was to elicit information
about the participants’ experience of the RCT to improve future interventions.
Consequently, a qualitative approach was again motivated. Furthermore,
participants were already asked to fill out a questionnaire regarding their
experiences of the study, so the method needed to be complementary. As the
intervention was individually oriented in nature, soliciting views through individual
interviews was deemed most appropriate. Interviews were conducted with patients
in different regions and during the later stages of the COVID-19 pandemic, and
therefore telephone interviews were considered most suitable. Compared to face-to-
face interviews, body language was lost. However, [ was able to elicit both elaborate
and emotional responses. So, I consider the information gained to be sufficient in
relation to the aim.

For Paper 3 we made a purposeful selection of participants with varied
characteristics according to information from the baseline and follow-up visits.
Simply put, the quantity in Paper 1 was replaced with quality in Paper 3. For both
studies, there was a risk that those who volunteered for participation were more
positive toward digital health than those who did not wish to fill in a digital
questionnaire or participate in a text message study — i.e., a selection bias that is
hard to avoid but important to acknowledge.

Regarding analytical method, for Paper 1 we used qualitative content analysis
inspired by Graneheim and Lundman, which is a common type of analysis in the
Swedish context (209). For Paper 3, I wanted to explore some more possibilities of
qualitative analysis. Systematic text condensation as described by Malterud came
up as a suitable method (214, 215). This allowed me to work with the material in
detail and depth while including my co-authors along the way. The stepwise
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sequence of analysis, analyzing 3-4 interviews at a time, allowed us to reconcile all
the material without being overwhelmed and thus missing important common
threads and insights. As the method stressed constant reorganization of categories
and subcategories, it also allowed for early and late interviews to have an equivalent
influence on the results. For both studies, observer triangulation was repeatedly
employed during the analytical phase to incorporate perspectives from all
researchers and increase credibility.

Regarding the theoretical framework, the TPB was a rational choice as it was
already used in the questionnaire and the RCT, respectively. It was also a
scientifically motivated choice in a broader sense, as the theory has been much used
concerning health behaviors (197, 201). As further detailed in the Introduction, the
TPB contains elements of other commonly used theories and has been suggested to
be a comprehensive model to understand and affect human behaviors (77).
However, an alternative primarily for Paper 1 would have been to use a theory more
specifically directed at the acceptance of new technology, such as UTAUT (204).

Regarding reflexivity, all researchers were clinically active GPs or residents in
general practice (HG). There was thus a significant preunderstanding of the topics
among the co-authors. The inclusion of other professionals in the research process
could have increased the ability to make a more encompassing and multifaceted
analysis and may be considered for future projects. Furthermore, for Paper 3, a non-
physician interviewer could have received different responses, especially regarding
subjects such as medication. On the other hand, being a physician, I was able to ask
supplementary questions and explore participant views in a way adapted to health
care and medicine.

To summarize, Paper 1 and Paper 3 used different types of qualitative methods
adapted to the specific research project. However, methodological choices also
confer limitations that need to be taken into account when considering the
implications and transferability of the results (215).

Paper 4: A randomized controlled trial

The primary aim of Paper 4 was to analyze if health-promoting text messages to
primary care patients with hypertension resulted in a change in lifestyle habits. An
obvious strength was the use of data from an RCT, which is considered high-level
scientific evidence as bias and confounding factors are countered by randomization
of the subjects (225). However, a weakness of Paper 4 is that we analyzed secondary
outcome measures. Blood pressure change was the primary outcome measure.
Lifestyle habits are a preceding step in the chain of events — in other words, an effect
mediator. It thus may be argued that it was feasible to analyze the causal pathway
of the intervention. However, we still have the problem of multiple comparisons
where the risk of a false positive (a type 1 error) increases with the number of
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analyses. Results must thus be interpreted with this in mind and are primarily to be
seen as an indication of effect.

Another weakness is that data were self-reported. That is common practice for
lifestyle habits, but it still makes the results less reliable than if measured objectively
by, for example, accelerometer (for physical activity) and phosphatidyl ethanol (a
blood test regarding alcohol consumption). Nevertheless, the validated questions on
physical activity have been shown to correspond relatively well to accelerometer
measures (218).

Analytical choices regarding the lifestyle outcome variables also deserve some more
specific discussion. For smokers, the choice was simple as the participants were
smokers or not. For alcohol use, a weekly consumption below 100 g of pure alcohol
(<2 standard drinks/day) is recommended for persons with hypertension, but recent
evidence and guidelines suggest that minimizing alcohol consumption is most
beneficial from a general health perspective (111, 125, 142, 155-158). Together with
most participants reporting use at <1 or 1-4 standard drinks per week, resulting in a
left-skewed distribution, analyzing the data as dichotomous with a cut-off at >4
standard drinks per week was considered the best option regarding a possible
clinically significant effect. However, we also analyzed the full range of reported
alcohol use for completeness. For physical activity, dichotomous analysis with cut-
off <150 activity minutes per week was based on international recommendations
(167). Furthermore, there was a sufficient amount of data points and distribution of
the data to allow for analysis of the full range of physical activity minutes using
parametric methods (221, 226). Unfortunately, data had not been collected on diet
as the brevity of the questionnaire was prioritized.

Drop-out was low, but considerably higher in the control group than in the
intervention group. We followed the preset analytical plan conducting intention-to-
treat analysis. Last observation carried forward was used for imputation as that was
considered to be closest to the patients’ likely value at follow-up. That could have
favored the intervention group if there was a Hawthorne or research participation
effect (227, 228). However, we also conducted a complete case analysis which
arrived at similar results as the intention-to-treat analysis. Thus, the dropout does
not seem to have had any significant effect on the results.

A secondary aim of the PUSHME trial and Paper 4 was to analyze if a pragmatic
adaptation of the TPB could be used to predict intervention effects (76). However,
we found no clinically significant correlations between ratings on a simplified TPB
questionnaire and reported changes in lifestyle habits. Our pragmatic adaptation of
the TPB thus may not have measured the theory’s components with sufficient
precision to predict behavior. Alternative explanations are that the participants did
not have enough actual behavioral control for intention to translate into behavior, or
that the TPB was not applicable in this context.
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In summary, for the analysis of lifestyle change in response to a text message
intervention, we could have used more objective measures. We could also have
applied the TPB in more detail. Nonetheless, the results of Paper 4 may serve as an
indication of intervention effects to be further studied.

Paper 2: A register-based cohort study

In contrast to the other papers included in this thesis, Paper 2 did not use the TPB.
This paper aimed to explore health care use related to eVisits in public primary care
in Region Skane. For that aim, analysis of register-based data was deemed most
appropriate.

Strengths include a large data set covering almost one year. A limitation of the study
was that the patients could only contact PHC Online for specific types of complaints
that were thought to be suitable for virtual care. Patients were also comparably
young. This limits generalizability to an unselected primary care population. On the
other hand, our study population constituted a common representation of patients
seeking virtual care.

The reporting and analysis of several types of subsequent health care contacts can
be considered a strength and novelty of our study compared to prior studies. This
provided a broad picture of health care use related to virtual visits and makes our
study comparable to studies with varying types of outcomes in terms of follow-up.

The choice of comparing subsequent health care contacts between different
diagnostic groups for the eVisit warrants some discussion. An RCT where patients
were randomized to an eVisit or a face-to-face visit after contacting their primary
health care center would have had higher evidence value but also required more
resources. Another alternative would have been to compare follow-up after eVisits
with register-based data on matched face-to-face visits. Such a Swedish register-
based study had recently found similar follow-up frequencies between eVisits and
face-to-face visits for respiratory tract and urinary tract infections (92). But patients
who seek face-to-face and virtual care differ, and it is possible that patients who
seek virtual care do so because their condition is milder (10, 17, 82, 83, 86). Thus,
comparing subsequent health care use depending on diagnosis could provide
additional information regarding the suitability of eVisits for different conditions.

Another point of discussion could be my choice to analyze diagnostic subgroups in
addition to the diagnostic groups. The diagnostic groups were predefined and based
on the conditions that patients could seek care for. The subgroups were added based
on the material, to increase granularity and study if some types of problems within
the respiratory or skin area rendered more follow-up than others. However, the
findings on subgroups are harder to transfer into presenting complaints and thus to
put into clinical use.
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General discussion of methods

The discussion of the papers included in this thesis was primarily concerned with
specific methods and internal validity, while this general discussion will focus on
choice of methods from a wider perspective and on external validity.

Levels of evidence

There is a relative scientific consensus on which methods are appropriate for what
question and on how to value evidence depending on method (215, 225, 229). In the
practice of evidence-based medicine, study designs are ranked based on the risk of
bias. Regarding therapeutical choices, meta-analyses of RCTs have the highest level
of evidence while case studies and expert opinion are considered the lowest level of
evidence (Figure 12) (225, 229). Observational studies come in between RCTs and
case studies. Qualitative studies, on the other hand, are explorative in nature, aiming
to describe and understand but not predict, and are thus to be seen as complementary
to quantitative research (215). Regardless of method, the quality of the studies must
be considered (215, 229). Furthermore, there can and should be value-based
judgements involved as we touch on the larger questions of knowledge and purpose
when transferring research findings into clinical practice and policy (215, 229).

Figure 12 Simplified evidence pyramid
Evidence level for different study designs with regard to therapeutics in medical research, where the
highest evidence level is at the top of the pyramid. Inspired by Greenhalgh (229) and Burns (225).

Looking at the evidence level of the papers in this thesis, Paper 4 as part of an RCT
aspires at the highest level. As we aimed to evaluate if a text message intervention
could be an effective addition for the treatment of hypertension in primary care, an
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RCT design was chosen to test this. The results of Paper 4 could thus contribute to
motivating application in clinical practice — but with caution, as it is a single study
concerning secondary outcome measures. Turning our eyes to Paper 3, patient
experience is a vital aspect of any new treatment and especially one that involves
changing lifestyle habits. For such an explorative and multidimensional question, a
qualitative method is most appropriate and may contribute to the development of
future interventions. Paper 3 can also serve as an additional source of information
when considering if the text message intervention should be put into clinical
practice. Papers 3 and 4 thus illustrate how qualitative and quantitative methodology
can be complementary.

Moving down the evidence pyramid we arrive at Paper 2, which was an
observational study. A virtual visit could be argued to be a new type of diagnostics
or even treatment. Virtual visits may thus optimally be evaluated through an RCT.
However, to explore this relatively new field an observational study is also of some
value. Paper 2 may primarily be valuable as a descriptive study of care-seeking
patterns related to virtual visits. It cannot be used to conclude whether some
conditions are more or less suitable for virtual visits, but it could serve as an
indication and contribute to generating hypotheses for future research.

Outside of the evidence pyramid, we find Paper 1. There is a need to know more about
how health care professionals experience the new digital landscape to generate well-
founded hypotheses about how to improve it. Thus, the clinical value of Paper 1 will
increase if it is used as a basis for studies that develop and evaluate digital health
technologies. The field of medicine builds heavily on natural sciences but also
involves social sciences and humanities. This is true for general practice in particular.
Consequently, scientific knowledge gained using a combination of methods may
create synergies and provide multifaceted information for decision-making.

Generalizability and transferability

Scientific research aims to explain and understand the world, that is, to generate new
knowledge through systematic investigation (215, 229). Our results should be
externally valid or, in other words, applicable outside of the study setting (215). For
quantitative studies, we talk about generalizability (229). We use statistical
inference to generalize outcome measures from the study sample to the target
population (230). For qualitative research, the corresponding concept is called
transferability and describes the extent to which study results could be applied to
other contexts than the exact environment where the study was conducted. As for
quantitative research, this depends on the selection of research participants but also
requires a relevant research question and high internal validity (215).

Internal validity has been discussed with regard to the specific papers included in
this thesis and is assumed to be acceptable as a basis for the discussion of external
validity. As all sub-studies share the trait of being conducted in primary care in
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southern Sweden, generalizability and transferability have some aspects in common.
The results could be considered valid for a target population in southern Sweden
with some certainty. Results should also, to some extent, be generalizable or
transferable to the same target populations in Sweden, as we share major aspects of
the health care system but do have different preconditions regarding population
density and socioeconomics. Widening the geographical area, the Scandinavian
countries have much in common when it comes to population, health care systems,
and digital health. So do European countries and high-income countries in general,
even if to a lesser extent. Transferability and generalizability to low- and middle-
income countries would be lower but not absent.

The PUSHME studies (Papers 3 and 4) can be argued to constitute a more
representative sample than the study of primary care physicians’ experience of
digital health and the study regarding eVisits (Papers 1 and 2). For Papers 1 and 2,
participants were more numerous but self-selected. These results may thus primarily
be possible to extrapolate to physicians and patients with a greater interest or
engagement in digital health than the average person. For Papers 3 and 4, selection
was purposeful and randomized, respectively, and results should thus to a greater
extent be generalizable to a target population of primary care patients with
hypertension. However, there was still a volunteer bias as not all potential
participants who were approached wished to participate.

The use of the TPB — a comprehensive theoretical framework concerning human
social behavior — may also contribute to internal and external validity (77). Some
aspects of the results may be applicable outside of the primary target populations —
aiming at health care professionals in general and not only primary care physicians,
and patients with chronic conditions other than hypertension.

Discussion of papers in relation to literature

Paper 1: Health care professionals’ experience of digital health

Paper 1 explored southern Swedish primary care physicians’ experience of digital
health. The views expressed by the physicians found several echoes in other studies
on health care professionals’ experience of digital health technologies. Concerns
regarding clinical usefulness, technical issues, and effects on workload were not new
(58, 64-67). Looking at the Swedish primary care context, three relatively recent
studies also described concerns similar to those voiced in our category “useful under
certain conditions” — that digital health technologies and more specifically virtual
patient contacts can be suitable for some patients and issues but not for all (71-73).

The loss of personal contact with patients seems not to have been as explicitly
mentioned in previous research and thus could be a partially new addition made by
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our study. Patient contact and continuity are at the heart of general practice, so it
may be considered consequential that it is prominent in the analysis of primary care
physicians’ views on digital health (33, 231). In more recent reviews of barriers and
facilitators to health care professionals’ use of digital health technologies, similar
areas in the form of psychological issues and technology undermining professional
identity were also pointed out as concerns (232, 233).

Being primarily inductive, i.e., based on the views expressed by the participants,
even if there was a deductive element from the TPB, our study focused more on
barriers and concerns regarding the use of digital health than on facilitators. Two
recent reviews have summarized important facilitators to health care professionals’
use of digital health technologies — which were largely the opposite of the barriers.
Training, and adaptation according to the end users’ perceptions and needs, emerged
as the most important areas (232, 233).

Our questionnaire included a prompt for the participants’ views on the use of Al in
health care. As Al was sparsely used in Swedish primary care at the time, responses
were not numerous and mainly general in nature. Other and more recent studies have
raised some interesting viewpoints regarding Al in health care that may add to the
interpretation of our results.

A 2019 investigation of clinician and medical informatics expert views on Al in
primary care described opportunities regarding improved management and clinical
decision-making and processes. However, the need for careful design and
evaluation was also stressed (234). A recent review described that the generally
rapid progress of Al has been hard to translate into clinical improvements (235).
Evaluation of Al-based clinical decision support systems has tended to focus on
technical performance but has taken limited account of implementation into clinical
workflow and thus of actual clinical effects (235). These results bear some
similarities with overall views expressed by the physicians in our study, which may
be summarized by the subcategory headings “need for evaluation”, “stressful time-
thief”, and “the professional perspective is missing”.

Consequently, the larger patterns of problems and possibilities regarding health care
professionals’ experience of digital health seem to be generalizable to some extent.
The importance of involving end users is a common thread. In accordance with this,
I will use the views expressed by the southern Swedish primary care physicians as
a cohesive theme in the discussion of the subsequent three papers of this thesis.

Paper 2: “Too many patient access routes”?

As expressed by the primary care physicians in Paper 1, virtual visits in general, and
eVisits in particular, could be argued to be one “patient access route” too many.
Patients can already contact their primary health care center via telephone and come
for a face-to-face visit. Video visits might be useful when distance is an issue, but
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raise questions regarding suitable diagnoses, access, and medical prioritization (71).
eVisits are a newer type of visit that come with similar questions. As the mode of
contact is clearly different from a face-to-face visit, eVisits may bring matters more
to a head.

Considering the results of our register-based study of eVisits to an all-virtual
primary care unit in Region Skane in a wider context, demographics were similar to
other studies of virtual visits conducted in Sweden and internationally. Patients tend
to be relatively young, and present with simple complaints such as minor infections
and skin conditions (10, 17, 56, 82, 83, 86, 93, 236). Concerns regarding health
equity in terms of access are thus similar across settings (82). Furthermore, the care-
seeking pattern raises concerns regarding the efficient use of health care resources
according to medical needs (84).

Health care consumption following virtual visits may be used as an indicator of
efficiency (17, 56, 80, 84-86). This can be approximated through follow-up
frequencies, or, more precisely, the rates of subsequent health care contact. Face-to-
face follow-up frequencies within 14 days in our cohort ranged from 6% to 31%
depending on if the eVisit was with a nurse or a GP, and on the type of subsequent
visit. The most specific type of follow-up was a visit to a physician in primary care
for the same type of diagnosis as the eVisit, following an eVisit with a GP. The most
unspecific was any visit to a nurse or a physician after an eVisit with a nurse. This
range points to the importance of specifying the type of virtual visit and follow-up
studied. Overall, however, the rates of subsequent health care contact in our cohort
were within the same range as in other studies of virtual visits (17, 56, 83, 87-95).

For specified skin diagnoses such as eczemas, follow-up rates after an eVisit to PHC
Online were similar to those for a group with varied diagnoses. This finding may be
considered consistent with recent reviews suggesting the effectiveness of
teledermatology in acne vulgaris and atopic dermatitis (237, 238). Our analysis also
showed that patients with infections (especially respiratory tract) and unspecified
diagnoses had a higher follow-up frequency compared to the group with varied
diagnoses. This agrees with a relatively recent review on eVisits suggesting
additional research regarding the management of infections (56).

However, the interpretation of what a subsequent health care contact actually
indicates can be discussed. Does it indicate that a virtual visit was an inappropriate
mode of contact? Or does it indicate a serious condition that would have required
further care regardless of where the initial visit was made? And, reversely, could
low follow-up frequencies indicate that the patients had a low medical need to begin
with? In addition, using register-based comparisons, patients are self-selected for
virtual care and thus may have selected the mode of contact depending on the
perceived seriousness of the condition — with virtual care being considered more apt
for less serious medical problems or concerns (86).
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With this in mind, follow-up rates may still, if analyzed and interpreted cautiously,
be used to provide additional information regarding virtual visits. In our context, a
feasible interpretation would be that the relatively low rates of subsequent health
care contacts, together with the comparably young age and uncomplicated diagnoses
of the patients, indicate that there is a measure of supply-induced demand involved
(84). It may, however, be that the demand is from overstrained primary health care
centers for a unit that helps with seeing patients who are mostly not seriously ill but
still need contact with a health care professional (239).

A recent review of eVisits in primary care with regard to quality of care concluded
that simple conditions could be efficiently resolved (240). However, for complex
conditions, evidence indicated that eVisits were inefficient and may result in
duplicate contacts. It was further shown that multiple-choice questionnaires (which
were used at PHC Online) increased staff and patient workload (240). While our
study did not evaluate the digital anamnesis used by PHC Online, it does agree with
conclusions regarding suitability for simple rather than complex (unspecified)
complaints.

Thus, the increased number of patient access routes may have worked as a way to
alleviate pressed primary health care centers that could then provide face-to-face
care to older and more complicated patients (239). In the long run, however, it may
be preferable to provide virtual visits with relational continuity compared to as a
separate service — in terms of efficiency of the specific visit as well as subsequent
health care use (11, 241, 242).

As it happens, from 2024 PHC Online is only open outside of office hours, and the
same type of service is to be offered to patients by their listed primary health care
center during office hours. However, that is yet to be evaluated.

Papers 3 and 4: “Useful under certain conditions”?

“Useful under certain conditions”

From parts of this thesis, other literature, and some media coverage, one may get the
impression that digitalization in health care is a problem rather than a possibility —
especially when viewed through the eyes of the average health care professional.
However, that was not the predominant picture provided in our study of primary care
physicians’ experience of digital health (Paper 1). Rather, the physicians were
generally positive, but more cautious and skeptical when it came to specific tools — at
least partially due to the experience that things did not always work out as hoped for
(19). This conditionally positive view we termed “useful under certain conditions”.

The health-promoting text message intervention for primary care patients with
hypertension, from which the material for Papers 3 and 4 was provided, could serve
as an example of a potentially clinically useful application of digital health.
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Analyzing behavioral changes during the intervention, we found positive effects
regarding alcohol use and physical activity in the text message group compared to
the control group (Paper 4). There was a statistically significant decrease in the
proportion of text message recipients reporting alcohol use >4 standard units per
week (odds ratio [OR] 0.35, 95% confidence interval [CI] 0.15-0.81). There was
also a significant decrease in the proportion that reported physical activity <150
minutes per week (OR 0.60, 95% CI 0.37-0.98), and a corresponding increase in
total weekly moderate-intensity physical activity of 25.8 (95% CI 2.7-48.9) minutes.
However, no effect was seen on smoking habits (Paper 4).

Our findings are in line with prior research on text messages with lifestyle advice
for cardiovascular prevention, which indicates small but potentially clinically
significant effects (57, 98, 101, 193, 243). These results are also in line with existing
evidence on digital health interventions for chronic conditions. Such interventions
show overall promising effects but with some heterogeneity (98, 244-248). A recent
meta-meta-analysis of digital health interventions for lifestyle behaviors found
improvements across different behaviors including physical activity, diet, and body
weight. The mean difference for moderate-to-vigorous physical activity was 55.1
(95% CI 13.8-96.4) minutes per week. Subgroup analyses did not yield significant
results, which was interpreted to signal that digital health interventions can be
efficient across modes of delivery and populations (246). Similarly, a meta-analysis
of cardiorespiratory fitness effects of digital health interventions reported no
difference depending on the mode of intervention (247).

The recently published analysis of the primary outcome measure of the PUSHME
trial, blood pressure change, did not show any statistically significant difference
between the text message and control groups (213). However, subgroup analyses
indicated that the diastolic blood pressure was significantly lowered in the text
message group compared to the control group for patients with a sedentary lifestyle
and patients with poor self-rated health at baseline (213). The suggested minor
effects on blood pressure change are in line with a recent Cochrane review of text
messaging interventions in secondary prevention of CVD, even if a meta-analysis
of digital health interventions for patients with hypertension has indicated somewhat
more promising effects of text messaging on blood pressure (98, 249). Both reviews
requested evidence of higher quality (98, 249).

To summarize, there is a potential for clinically significant effects of digital health
interventions on lifestyle habits. This potential also encompasses relatively simple
interventions such as text messages, including in a Swedish primary care context.
Nevertheless, one must also take into consideration how patients experience such
an intervention. Such considerations may contribute to increased clinical effects,
including blood pressure change.

Regarding overall patient experience, our qualitative interview study of the
PUSHME intervention (Paper 3) echoed the reports of participant experience from
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similar interventions. As in other studies, we found that the text messages were
generally perceived to be useful and positive to receive (97, 99-101, 250, 251).
Furthermore, in accordance with prior research, our analysis indicated remaining
deficiencies in patient knowledge and health care professionals’ communication
concerning lifestyle, hypertension, and the risk for disease (252-254). Thus, our
results concur with existing evidence in implying a clinical potential and need for
digital health interventions with regard to hypertension and lifestyle habits.
However, the question of optimizing the effects remains.

Application of behavioral theories

Existing evidence at the initiation of the PUSHME trial suggested that behavioral
theories can increase the effectiveness and transferability of lifestyle interventions,
including digital health interventions for cardiovascular prevention (196, 197).
Consequently, to explore and understand the effects of the PUSHME intervention,
we used the TPB for quantitative and qualitative analysis.

The quantitative questionnaire based on the TPB (Paper 4) could not identify any
mediators or moderators of intervention effects. However, our interview study
regarding participant experience (Paper 3) did provide some insights that can be
further explored in relation to the scientific literature.

Behavioral theories used to evaluate lifestyle interventions vary, even if the TPB is
among the more frequently applied (197, 255). Regardless of the theoretical
framework, behavioral change is often discussed in terms of barriers and facilitators
(97, 99, 100, 252, 256). Prior research on similar interventions appears to have
focused more on facilitators than barriers (97, 99, 100, 250). Our analysis covered
barriers as well as facilitators to change in the third and last theme, “Water off a
duck’s back or a kick in the pants — when does behavior change?”.

Facilitators or enablers of lifestyle change in common with other studies included
advice from a credible source (health care), association with motivating factors such
as a diagnosis related to CVD, and a feeling of support (99, 100, 250). The
seemingly most important factor from our analysis, however, was sufficient
individualization or tailoring of the text messages. This need or suggestion recurs in
other studies (100, 250, 256). Accordingly, the barriers to change that emerged from
our analysis primarily seemed due to a lack of individualization: messages not being
sufficiently adapted to prior knowledge, lifestyle, or limitations (perceived or real).

More recent applications of the TPB have focused on the importance of experiential
attitude (affective state associated with the behavior) as opposed to instrumental
attitude (consequences of the behavior) (75). It has also been suggested to explore a
focus on practical skills or demonstration of the desired behavior rather than the
outcome (e.g., blood pressure), as the latter shifts focus away from the behavior
(247, 257, 258). These findings bear obvious similarities with our proposal of
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specific suggestions for lifestyle change as an intervention factor that could
contribute to behavioral change.

Consequently, text message advice with specific suggestions for lifestyle change
adapted to the individual participant might be an interesting intervention for future
exploration (77). To minimize barriers, the advice should be sufficiently adapted to
the participants’ perceived and real limitations of behavioral change (77).

“Need for evaluation”

Remembering the views of the primary care physicians in Paper 1, we should
consider the need for evaluation of new digital health technologies more in-depth.
Papers 3 and 4 have not evaluated the health-promoting text message intervention
in terms of effects on workflow or opportunity costs. Thus, even for a simple text
message intervention, further evaluation is needed before application in clinical
practice.

In summary, digital health interventions remain a promising addition in the
prevention and treatment of lifestyle-related diseases. Well-implemented, digital
health technologies may help with some tasks such as simpler lifestyle advice so
that health care professionals can focus on those in need of more intensive
interventions and treatment.

General discussion in relation to literature

The importance of evaluation

The results of the papers included in this thesis concur with and underline a recurring
recommendation from other studies and reviews: the importance of evaluation in
the development and use of digital health technologies. Key areas in this respect
include patient safety and the workload of health care professionals (Paper 1), health
equity (Paper 2), and health care quality and efficiency (Papers 2-4) (17-20, 52, 53).
A repeated request has been to involve end users (19). Implementation science and
frameworks have been suggested previously (51). Consequently, the first part of the
general discussion will focus on these areas.

End user involvement

A newly published overview of reviews of digital health in primary care found
agreement between included studies in that development without the involvement
of end users was a major implementation barrier (259). Furthermore, the overview
reported mixed results with regard to effects on quality and clinical outcomes —
which were proposed to be due to inadequate implementation (259). A systematic
review of reviews regarding the implementation of digital health similarly
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concluded that fit with organizational workflow was a key facilitator of
implementation (62). Reviews of specific digital health technologies such as clinical
decision support systems and mHealth also stress the need to include end users in
the development process (63, 65). Consequently, the involvement of end users
should be an integral part of the development and implementation of digital health
technologies to further clinical relevance (260).

To involve end users may appear self-evident. Yet, according to the experiences of
the primary care physicians in Paper 1, and recurring recommendations in other
studies and viewpoint papers, it is not (19, 232, 233). Furthermore, end user
involvement may preferably be structured by an implementation framework to
optimize effects (51). Implementation research has also been recommended by the
WHO to further the prevention and treatment of NCDs (261).

An implementation framework for digital health technologies

This thesis has not studied implementation frameworks, but the overall results lead
to suggesting better use of such frameworks. In 2017, Greenhalgh and colleagues
proposed an often-cited new framework focused on challenges related to the
implementation of digital health technologies (51). The framework was based on an
analysis of existing frameworks, observations, interviews, and organizational data.
The idea was to go beyond the question of adoption and address the recurring
problems of non-adoption, transferability, and sustained use of new digital health
technologies. It was named the Non-adoption, Abandonment, Scale-up, Spread, and
Sustainability (NASSS) framework (51).

In the NASSS framework, seven domains — condition, technology, adopter system,
value proposition, organization, wider system, and adaptation over time — are
covered through questions (51). In short, supposing the technology is found to be
worth developing (value proposition), the less complex the challenges with regard
to the seven domains, the greater the chance of success (51). A Complexity
Assessment Toolkit (CAT) was subsequently added, and the NASSS-CAT was
adapted to further use in real-world projects (262-264). NASSS-CAT tools appear
to be under use and further evaluation, including in Sweden (264, 265).

Provisional application of an implementation framework

Application of implementation frameworks such as the NASSS-CAT could
contribute to digital tools of greater perceived clinical usefulness (51, 264). In the
specific context of this thesis, it could be used to evaluate the health-promoting text
message intervention with regard to possible implementation (Papers 3 and 4).

A simple application of the short version of NASSS-CAT to the PUSHME
intervention quickly identified a need to take co-existing illnesses or impairments
into account (also described by the interview study participants) and for more
information on acceptance of health care professionals (51, 264, 266). Perhaps most
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importantly, there appeared a need to detail the value proposition regarding value
for the health care system and the end users, and also to consider possible negative
value. So, even with the technology being simple and the patients finding it useful,
there are still areas that need to be addressed (51, 264, 266).

The need for contextual, thorough, and iterative evaluation of digital health
technologies could suggest why use is not more widespread despite promise and
promotion (51, 57, 111, 113, 267). Considering the overall evidence base for text
messaging for cardiovascular prevention, as previously outlined indications are
promising (57, 98, 101, 193, 243). Nonetheless, the value proposition still contains
uncertainties regarding effects and consequently also cost-effectiveness (98, 249,
264). At the aggregate level, there is evidence that digital health interventions
including those distributed via text message are often cost-effective (2, 55, 268).
However, results for hypertension are inconclusive compared to those for type 2
diabetes (268, 269). Thus, the components that affect the value proposition — the
condition/illness, the technology, and the intended adopters — might need to be
reconsidered, with subsequent changes and re-evaluation (264).

Scaling up

As discussed in the preceding subchapter, the digital health technologies studied in
this thesis may not primarily be at the scale-up stage but rather at a stage where re-
evaluation within a suitable implementation framework could be considered.
However, future possibilities for scale-up need to be appraised at all stages of the
design process. A prevailing issue in the digital health arena is that tools are often
used in limited contexts and never scaled up (51, 270, 271). For example, substantial
developmental work has been done separately for different text message
interventions for cardiovascular prevention, and transferability remains unclear
(271).

There is design knowledge that could be more extensively used in the development
of digital health technologies (272). User-friendly design is vital to further digital
health equity and spread across settings (273). Behavioral science is another field of
research that can contribute to the development of digital health (77, 196, 197, 204).
In other words, interdisciplinary research is recommendable in the continued
development of digital health (270).

As a final note in this subchapter, it has been put forth that RCTs may not always
be the best way to evaluate digital health technologies (60, 270). A common
property of digital tools is adaptability and change — which is not compatible with
the static intervention assumed by an RCT (270). At any rate, before conducting an
RCT, the technology should be stable, the implementation process clear, and a
positive outcome expected (60).
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Primary health care, cardiovascular prevention, and digital health

Connecting back to the Background section, I described the goal of primary health
care as providing good health for all, and general practice as a part of attaining that
goal (30, 33). In Sweden, the term general practice tends to be used synonymously
with primary health care, but there is value in remembering that general practice is
only one part of primary health care. General practice is an important vehicle for the
provision of health care through general and specific knowledge of disease and the
health care system, and through relational continuity between practitioners and
patients (33). However, it should not be the only vehicle for attaining all of the goals
of primary health care (30). Primary and some large-scale secondary prevention of
steadily rising lifestyle-related diseases should be complemented by work at the
public health and community health levels (107, 113).

Community-based CVD prevention programs have been shown to result in multiple
risk factor improvements, even if effects vary depending on context (274). The
Swedish community-based Visterbotten Intervention Program has been shown to
be cost-effective (275). Moving on to the health care professionals’ office, nurse-
led or multidisciplinary teams have been suggested and successfully tested for the
management of hypertension in primary care (276-278). Utilizing these primary and
secondary preventive efforts could, firstly, decrease the number of individuals in
need of medical treatment, and, secondly, allow for GPs to be involved when
needed, thus using health care resources more efficiently. Adding digital health
technologies to such projects would appear to be an interesting way to further
increase efficiency. mHealth interventions directed at lifestyle habits have been
indicated to be more effective for lowering blood pressure in combination with a
face-to-face intervention (243).

To conclude, community-based cardiovascular prevention programs, nurse-led
management of hypertension, and digital health technologies for cardiovascular
prevention have some important aspects in common. As studies are heterogeneous,
a need remains to discern which components of the interventions are efficient and
to consider transferability between settings (246, 274, 276). Furthermore, possible
side effects including psychosocial harms should be explored (172, 174).
Consequently, future research could benefit from the use of implementation
frameworks, behavioral theory, and mixed methods to cover important aspects of
these potentially large-scale health-promoting interventions (51, 77, 196, 215). That
may increase the possibility of achieving population health gains from
cardiovascular prevention efforts and digital health technologies.
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Conclusions

Conclusions in relation to aims

Paper 1 underlined the significance of including health care professionals in the
development and implementation of new digital health technology, as tools that end
users cannot use as intended will likely be of less clinical benefit. Areas for
evaluation of particular importance to general practice were the consequences of
digital filters put between patient and health care provider, and an increased number
of patient access routes.

Main clinical implications: Clinical usefulness, patient safety, and
workload issues should be carefully considered when new digital tools
are introduced in primary care.

Paper 2 put forth the importance of considering the effects on health care resource
use and health equity when virtual visits are introduced, as the studied eVisits
primarily attracted young to middle-aged patient groups with simple conditions such
as skin diagnoses. There were no indications of patient safety risks related to eVisits,
as most patients did not require face-to-face follow-up and very few patients needed
to seek an emergency unit. The frequency of subsequent health care contacts
depending on diagnosis indicated a need for further study regarding infections and
unspecific complaints, but did not allow for conclusions due to interpretability
issues.

Main clinical implications: Older patient groups may need support to
access and use eVisits. The effects of eVisits on health care resource
use warrants further investigation.
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Paper 3 indicated tolerability and potential usefulness of a health-promoting text
message intervention to primary care patients with hypertension. Factors of possible
importance for effectiveness included health care being the sender, timing in relation
to motivational factors, and specific suggestions for making lifestyle changes.
Effectiveness might be increased by individualization of the messages according to
the recipient’s prior knowledge, routines, and constraints.

Paper 4 showed that health-promoting text messages to primary care patients with
hypertension in the dose of four messages per week for six months could affect
lifestyle habits in the form of decreased alcohol use and increased physical activity.
Behavioral theory did not provide additional insights but may be applied in more
detail.

Main clinical implications: The health-promoting text message
intervention PUSHME could be suggested for use in clinical practice.
However, additional investigation regarding individualization, cost-
effectiveness, and implementation in workflow is recommended.

The overarching conclusion is that digital health technologies have great potential
to further the goals of primary health care. However, to improve clinical usefulness
and achieve some of the potential population health benefits, development needs to
include end users and employ appropriate implementation frameworks.

As a final reflection, at all stages of evaluation it is vital to remember the human
context where digital health is used. Paper 1 may remind us of the importance of
personal contact between patient and provider, which cannot always be measured.
Paper 2 illustrates the difficulty of evaluating health care use patterns — who is really
to say when a health care contact is valuable or not? Paper 3 points to the need for
individualization of interventions directed at the divergent group of primary care
patients. For Paper 4, the attempt to apply the TPB did elucidate a disagreement
between the patients’ expressed intention for a healthy lifestyle and their
susceptibility to health-promoting advice which illustrates the complexities of
predicting human behavior.
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Future research suggestions

Paper 1: Health care professionals’ experience of digital health

Increase end user involvement (patients and professionals) through co-
design or participatory research projects with regard to digital health
technologies.

Considering primary care physicians’ experience, focus on:
o Technological infrastructure.
o Workload issues.

o Risks related to the loss of face-to-face contact between patients
and health care providers.

Paper 2: Virtual patients contacts and health care use

RCTs comparing virtual and face-to-face visits, primarily with regard to
follow-up frequencies, quality measures such as antibiotic prescriptions and
patient satisfaction, and health care expenditure. Comparisons could also be
made depending on presenting complaints.

Explore the effects of continuity, comparing virtual visits with the patient’s
own GP, with a professional at the patient’s primary health care center, or
separate from it. This has been investigated through some register-based
studies for example in Canada but could be further studied in a Swedish
primary care context (11).

Papers 3 and 4: Health-promoting text messages for patients with hypertension

Explore health care professionals’ views and acceptance towards the
intervention through interview, focus group and/or questionnaire studies.

Evaluate suggested changes to the intervention:
o Individualization with regard to knowledge, habits, and limitations.

o More specific suggestions for lifestyle change, also attempting to
provide “eureka moments” for patients with new suggestions.

Include diet in intermediate outcome measures.

Consider alternative outcome measures such as home blood pressure.
Compare different intensities and time periods of intervention.
Repeat intervention with partially new content.

Long-term follow-up of outcomes.
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Evaluate combination with face-to-face consultations, possibly for groups
with different cardiovascular risks.

Expand the target population by adapting and including a text message
lifestyle intervention in community-based cardiovascular prevention.

More thorough application of the TPB, or another suitable behavioral
theory, to understand the mechanisms of the intervention.

Suggestions relating to all papers
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Application of implementation frameworks such as NASSS-CAT to digital
health technologies (51).

Increased use of behavioral theories to explore patient and staff acceptance
of digital health more in-depth, and to understand and improve the effects
of digital health interventions.

Scientific discussion and studies are needed regarding how and to what
extent research results on digital health technologies can be transferred
between settings. This also applies to lifestyle interventions.

Continued cost-effectiveness studies of digital health technologies.

Time needed to treat measures for digital health technologies compared to
usual care (279).

Environmental effects of digital health technologies (280, 281).

Interdisciplinary research may be preferable for several of these
suggestions, to gain the level of expertise needed to provide high-quality
research and to promote synergistic effects.



Popularvetenskaplig sammanfattning

Kaért barn har manga namn. Digitalisering, digitala verktyg, e-hélsa och telemedicin
ar bara nagra termer som anvéinds for att beskriva den digitala utvecklingen i
samhillet och i sjukvarden. Digitaliseringen har en méngd fordelar — tink bara pa
all information som vi nu kan béde skicka och & med ndgra knapptryck. Samtidigt
ar det en genomgripande fordndring, dar man behover analysera konsekvenserna.
Ett viktigt omrade for utvirdering dr anvédndandet av digitala verktyg i hélso- och
sjukvarden. Digitalisering i hélso- och sjukvirden kan ha savil positiva som
negativa konsekvenser for hur varden fungerar och ddrmed paverka méanniskors
hélsa.

Det finns och genomfors en hel del forskning pé olika typer av digitalisering inom
hilso- och sjukvarden. Men eftersom omradet &r forhallandevis nytt och
utvecklingen gar fort s& finns ocksd mycket kvar att utforska. For att bidra till
kunskapsutvecklingen sd har jag i det hir doktorandprojektet studerat digitala
verktyg i primérvarden i sddra Sverige ur olika aspekter.

Doktorandprojektet bestdr av fyra delstudier. De handlar om allménlidkares
erfarenheter av digitalisering, digitala besok i primérvarden samt patientupplevelse
och effekter av hilsobefrimjande sms vid hogt blodtryck.

I den forsta delstudien fick allménlikare i sédra Sverige svara pa olika fragor om
sin upplevelse av digitaliseringen i1 priméirvarden via ett digitalt formuldr. Genom
vetenskaplig analys av svaren kom vi fram till nidgra &vergripande slutsatser.
Allménldkarna var i grunden positiva till en 6kad anvindning av digitala verktyg,
men sag ocksa att befintliga digitala 16sningar ofta inte fungerade sd bra som man
skulle vilja. Den personliga kontakten med patienterna minskade, och antalet
ingangar for vardkontakt 6kade. Det gav en storre arbetsbelastning, och man sig en
okad risk for missforstand och for att patienter inte skulle fa ratt vard i rétt tid. Den
huvudsakliga slutsatsen av studien &r att utvarderingen av digitala verktyg behdver
stirkas, och att vardpersonalen bor involveras mer och tidigare i processen.

I den andra delstudien undersokte vi en av de nya ingangarna for vardkontakt:
digitala besdk i primirvarden, i det hdr fallet chatbesok i Region Skénes regi
(Primérvarden Ské&ne Online, PVonline). Vi anvéinde information fran vardregister
for att beskriva vilka patienter som sokte PVonline under 2021, vad de fick for
diagnos och om de hade ytterligare vardkontakter efter det digitala besoket. Vi ség
att patienterna var relativt unga; f& var Over 60 &r gamla. Néra hélften
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diagnosticerades med olika typer av hudbesvér. De flesta (tre fjardedelar) sdkte inte
fysisk vard inom tva veckor efter det digitala besoket. Det var vanligare med ett
uppfoljande fysiskt besdk for patienter som sokt for infektioner eller for ospecifika
besvir jamfort med andra diagnoser.

Den huvudsakliga slutsatsen av studien &r att digitala besok i skénsk primérvard i
stor utstrackning rorde enklare besvir hos unga till medelalders, och att patienterna
hade ett relativt litet uppfoljande vardbehov. Nar digitala besok infors bér man
foljaktligen utvédrdera hur det péverkar olika gruppers tillgang till véard, utifrén
principen att vard ska ges efter behov.

I den tredje och fjarde delstudien undersokte vi hdlsobefrdmjande sms till patienter
med hogt blodtryck i primérvérd. Cirka 400 deltagare slumpades till att fa sms eller
inte. Vi intervjuade ett riktat urval av dem som fick sms kring deras upplevelser.
Det framkom ett behov av mer kunskap om kopplingarna mellan levnadsvanor, hogt
blodtryck och risken for hjértkérlsjukdom. Deltagarna uppskattade overlag att fa
sms:en. De upplevdes som en nyttig pdminnelse, och en rationell anvindning av
vardresurser. Samtidigt efterfragade man stérre anpassning av innehallet till tidigare
kunskap och erfarenheter.

For vissa deltagare verkade sms:en fungera som “en spark i baken”, medan de for
andra rann av “som vatten pad en gas”. Vi analyserade resultaten i ett
beteendeteoretiskt ramverk, och kom dé fram till att storre fokus pa specifika forslag
som kan tillimpas i vardagen skulle kunna ge Okad effekt av interventionen.
Slutsatsen blir att det finns ett behov av information och att sms:en upplevdes som
en nyttig paminnelse, men skulle kunna individanpassas for att géra storre nytta.

I den fjirde delstudien analyserade vi om levnadsvanorna (rokning,
alkoholkonsumtion och fysisk aktivitet) fordndrades i gruppen som fick
hilsobeframjande sms jaimfort med kontrollgruppen som inte fick sms. Vi sag att de
som fick sms totalt sett minskade sin alkoholkonsumtion och dkade sin fysiska
aktivitet. Vi anvénde dven en beteendeteori for att se om vi kunde hitta fragor att
stélla for att forutsiga om en patient skulle fordndra sina vanor till f61jd av sms:en.
Vi fann inte ndgot sadant samband. Sammanfattningsvis talar var analys for att
patienter med hogt blodtryck i primérvard kan ha nytta av hilsobefrdmjande sms i
syfte att forbéttra sina levnadsvanor.

For att sammanfatta hela doktorandprojektet, och aterknyta till syftet, s& kan digitala
verktyg vara till nytta for patienter i primvarden exempelvis genom sms-
interventioner som enkelt nadr ménga med riktad hdlsobefrimjande information.
Man kan oka anvidndbarheten genom att inkludera personal och patienter i
utformning, inforande och utvérdering. Man behdver ta specifik hdnsyn till hur
digitaliseringen, sérskilt digitala besok, paverkar jamlik tillgang till vard. Fokus
maste med andra ord var pd hur de digitala verktygen kan bidra till att forbéttra
varden — inte pa om digitalisering i sig &r bra eller daligt.
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