From Learning, Informatics, Management, Ethics
Karolinska Institutet, Stockholm, Sweden

THE USABILITY, ACCEPTABILITY,
AND SATISFACTION OF A
DIGITAL MENTAL HEALTH TOOL
FOR PATIENTS WITH BREAST AND

PROSTATE CANCER
P —
»— \/ 2" =
s A
—-‘—-;"'0 /il
Nuhamin Gebrewold Petros
oKA UVJ»)s

S
5 @ Karolinska
> Institutet

4‘VN0 &%\Q

Stockholm 2023

-><-



All previously published papers were reproduced with permission from the publisher.
Published by Karolinska Institutet.

Printed by Universitetsservice US-AB, 2023

© Nuhamin Gebrewold Petros, 2023

ISBN 978-91-8017-173-1

Cover illustration: NEVERMIND project



THE USABILITY, ACCEPTABILITY, AND SATISFACTION
OF A DIGITAL MENTAL HEALTH TOOL FOR PATIENTS
WITH BREAST AND PROSTATE CANCER

Thesis for Doctoral Degree (Ph.D.)

By
Nuhamin Gebrewold Petros

The thesis will be defended in public at Jacob Berzelius, Karolinska Institutet, Berzelius
vag 3, Stockholm on December 14", 2023, at 9:00 am.

Principal Supervisor: Opponent:

Associate Professor Vladimir Carli Associate Professor Monica Buhrman
Karolinska Institutet Uppsala University

Department of Learning, Informatics, Department of Psychology
Management, and Ethics (LIME) Division of Clinical Psychology

Division of National Center for Suicide Research
and Prevention of Mental lll-Health (NASP)

Co-supervisors: Examination Board:

Associate Professor Gergd Hadlaczky Senior Lecturer Camilla Malinowsky

Karolinska Institutet Karolinska Institutet

Department of Learning, Informatics, Department of Neurobiology, Care Sciences and
Management, and Ethics (LIME) Society

Division of National Center for Suicide Research
and Prevention of Mental lll-Health (NASP)

Professor Danuta Wasserman Carolina Wannheden

Karolinska Institutet Karolinska Institutet

Department of Learning, Informatics, Department of Learning, Informatics,
Management, and Ethics (LIME) Management and Ethics

Division of National Center for Suicide Research Division for Medical Management Centre
and Prevention of Mental lll-Health (NASP)

Jesper Alvarsson, Ph.D. Professor Margda Waern

Sodertdrn University University of Gothenburg

Department of Psychology, School of Social Department of Neuroscience and Physiology
Sciences Division of Psychiatry and Neurochemistry

Division of Stockholm Centre for Health and
Social Change (SCOHOST)






To my family,






Popular science summary of the thesis

One in four patients diagnosed with breast and prostate cancer suffer from depressive
symptoms. The increased risk of depression in these patients can be attributed to a
combination of factors, including the emotional burden of a cancer diagnosis, the
physical impact of the disease and its treatment, feelings of loneliness, lifestyle changes,
and a complex interplay of biochemical changes in the body. Despite this increased
strain on cancer patients, they do not always receive full psychiatric support and care
from hospitals to manage their mental health.

So, the NEVERMIND system, illustrated as the user’s device in the figure below,
comprised of a mobile app and a shirt with a sensor, was developed for patients with
physical illnesses, such as cancer, to reduce depressive symptoms that are often
associated with their physical diagnosis. The NEVERMIND system, utilizing mood
assessment questionnaires via the mobile app and collecting physiological data through
the shirt, provides personalised feedback, such as lifestyle changes, mindfulness
practices, and cognitive behavioural therapy and guidance based on the severity of
mental health symptoms. The NEVERMIND system was effective in reducing depressive
symptoms in a randomized controlled trial of 425 patients diagnosed with breast and
prostate cancer, kidney failure, myocardial infarction, and leg amputation. Patients who
used the NEVERMIND system for 12 weeks had a significant reduction in depressive

symptoms compared to those who only received treatment as usual.

User’s Devices

User’s Feedback Extracted Features

—

Send Data

Request Analysis

Functional Server Processing Server

Docking Station

Through four studies, this Ph.D. thesis examined the usability, acceptability, satisfaction,
and clinical effectiveness of the NEVERMIND system in breast and prostate cancer
patients. The aim was to understand different factors associated with usability,

acceptability, and satisfaction and how these dimensions interact.

The first study found that the NEVERMIND system had above-average usability, with no
differences across sex, age, education level, marital status, and cohabitation. Our
findings also showed that women (breast cancer patients) rated the mobile app higher
in terms of quality and content than men (prostate cancer patients) did, despite men



using the NEVERMIND system more. The second study found that patients were more
likely to continue using the system if they perceived it as useful and engaged with it in
the first two weeks. The findings of the second study were crucial, as the third study
found that those who used the system for over six weeks showed a higher reduction in
their depressive and stress symptoms compared to those who only used it for two

weeks or less.

Study four looked at user satisfaction by analysing user responses to open-ended
questions. Users were satisfied with the NEVERMIND system because it fostered
personal agency and motivation alongside providing holistic well-being and supportive
connections. Users also highlighted the need for user-friendly interfaces to enhance
engagement and interaction experiences while addressing technical, interface, and
comfort challenges that they experienced. Finally, users expressed the need for
improved quality and breadth of content provided, ensuring that it is diverse and
relevant to their needs and experiences. Interestingly, women valued the emotional
support provided by the NEVERMIND system, while men appreciated the self-
awareness and introspection the system provided.

The NEVERMIND system, when used consistently and perceived as beneficial, could
have a positive impact on mental health among patients with breast and prostate
cancer. Additionally, personalisation is crucial in digital health tools, revealing that more
than a one-size-fits-all approach in digital health tools may be needed. Differences in
usability and preference between genders highlight the necessity for a personalised
touch, addressing individual needs and preferences. Digital health tools such as the
NEVERMIND system offer great promise for managing mental health issues among
patients with cancer. By focusing on the usefulness and informing patients about their

benefits early on, we can promote their adoption for better patient outcomes.



Abstract

The impact and use of digital health tools vary considerably among individuals dealing
with somatic illnesses, such as cancer. This variability can be attributed to several
factors, such as sociodemographic characteristics, baseline mental health, perception of
the intervention’s usefulness, ease of use, and early engagement with the system. In this
thesis, we aimed to examine the influence and interaction among these indicators on
the usability, acceptability, satisfaction, and clinical effectiveness of a digital health tool
in individuals with breast and prostate cancer.

All studies were based on data from the NEVERMIND trial, a clinical randomized
controlled trial that included patients with five different somatic illnesses. Our study
included 255 participants (at baseline) who were diagnosed with breast or prostate
cancer. Half of the participants (n=129) were allocated to the NEVERMIND system,
whereas the other half (n=125) were allocated to the treatment as usual (control) group.
Those in the NEVERMIND system group were involved in the use of the NEVERMIND
digital health tool, comprising a mobile app and sensorized shirt (shirt), over a 12-week
period. Data from baseline assessments and follow-ups at four and 12 weeks were used.
The aim was to assess the usability, acceptability, and satisfaction of the NEVERMIND
system, as well as the factors associated with these dimensions. This Ph.D. project also
examined how usability and acceptability impacted the clinical effectiveness of the

NEVERMIND system on depressive and stress symptoms.

Study I. We investigated the association between baseline sociodemographic
characteristics and usability assessed at four and 12 weeks of using the NEVERMIND
system among 108 patients with breast and prostate cancer who received and used the
system. The NEVERMIND system had good usability according to the usability
questionnaires. Higher favourability of the mobile app was observed among women
(breast cancer patients) compared to men (prostate cancer patients); however, men

had significantly higher use of the overall system.

Study Il. The relationships between sex, education, baseline depressive and stress
symptoms, perceived ease of use, perceived usefulness, and system usage at various
stages were examined using Bayesian Structural Equation Modelling in a path analysis of
129 patients with breast and prostate cancer. Higher perceived usefulness and initial
usage were associated with a higher level of usage at 12 weeks. The results indicated
that a better understanding of the system’s benefits and early engagement were key
drivers of its sustained use and clinical effectiveness in improving mental health

outcomes.

Study lll. In a sample of 255 patients with breast and prostate cancer, we examined the
relationship between the clinical effectiveness, usability, and acceptability of the



NEVERMIND system when treating depressive and stress symptoms in patients with
breast and prostate cancer. The results showed that patients in the NEVERMIND group
had a greater reduction in depressive symptoms than those in the control group at the
12-week follow-up. The findings also showed that users who utilized the system for more
than six weeks experienced a statistically significant decrease in both depressive
symptoms and stress symptoms compared to those who used it for less than two

weeks.

Study IV. This study looked at the overall satisfaction of users (68 with breast cancer
and 39 with prostate cancer) with the NEVERMIND system. Satisfaction was measured
at four and 12 weeks using a one-item questionnaire with two open-ended follow-up
questions about user experiences. An inductive and deductive thematic analysis was
conducted by using the NEVERMIND system’s components as a sensitizing concept
which was then refined and interpreted through the lens of Information Systems (IS)
success model. The findings show that 68.24% of users rated the system as good or
excellent at four weeks, with a slight decrease to 65.42% at 12 weeks. Three themes
emerged from the thematic analysis: (1) Fostering Personal Agency and Motivation, (2)
Engagement and Interaction Experiences, and (3) Content Quality and Relevance.
Gender differences emerged in the prioritization of emotional support among female
users and self-awareness among male users. The satisfaction and challenges faced by
users underscore the importance of a user-centric approach that focuses on holistic
well-being, user engagement, personalized content, and technical stability. This study
also contributes to the broader literature by utilizing IS success model as a framework

for interpreting user satisfaction.

Conclusions. Higher levels of usability, acceptability, and satisfaction in the NEVERMIND
system may contribute to improving the mental health outcomes of patients with
breast and prostate cancer, both independently from each other, and even more so
when high levels of engagement, acceptance, use, and satisfaction coexist. They
emphasize the importance of perceived usefulness, initial engagement, and user-centric
design in different components of the NEVERMIND system and confirms the
multidimensionality of successful digital health tools implementation. Moreover, the
notable differences in usability and preference between genders indicate that tailored
and personalized strategies might serve as effective means to address diverse user
needs. Taken together, these insights strengthen scientific evidence for healthcare
experts and digital health innovators and developers, guiding them towards creating and

designing digital health tools through user-centric and multi-domain approaches.

Keywords: digital health tool, eHealth, usability, acceptability, satisfaction, technology
acceptance model, mental health, cancer patients



Sammanfattning

Anvandandet och effekten av digitala halsoverktyg varierar avsevart bland individer som
hanterar somatiska sjukdomar, sdsom cancer. Denna variabilitet kan tillskrivas flera
faktorer, sésom sociodemografiska egenskaper, grundlaggande psykisk halsa,
uppfattning om interventionens anvandbarhet, anvandarvanlighet och tidig interaktion
med systemet. | denna avhandling &mnade vi att undersoka inflytandet och samspelet
mellan dessa indikatorer pa anvandbarhet, acceptans, tillfredsstéllelse och klinisk

effektivitet av ett digitalt halsoverktyg hos individer med brést- och prostatacancer.

Alla studier baserades pa data fran NEVERMIND-studien, en klinisk randomiserad
kontrollerad studie som inkluderade patienter med fem olika somatiska sjukdomar. Var
studie omfattade 255 deltagare (vid baslinjen) som hade diagnostiserats med brost-
eller prostatacancer. Hélften av deltagarna (n=129) tilldelades NEVERMIND-systemet,
medan den andra hélften (n=125) tilldelades kontrollgruppen (treatment-as-usual).
Deltagarna i NEVERMIND-systemgruppen var involverade i anvandningen av det digitala
halsoverktyget NEVERMIND, som bestér av en mobilapp och en sensoriserad skjorta
(skjorta), under en 12-veckorsperiod. Data fran baslinjeméatningar och uppféljningar vid
fyra och 12 veckor anvandes. Syftet var att bedéma anvandbarheten, acceptansen och
tillfredsstallelsen med NEVERMIND-systemet, samt de faktorer som éar forknippade med
dessa dimensioner. Detta doktorandprojekt undersokte ocksé hur anvandbarhet och
acceptans paverkade den kliniska effektiviteten hos NEVERMIND-systemet.

Studie I. Vi undersékte sambandet mellan sociodemografiska egenskaper vid baslinjen
och anvandbarhet som bedémdes efter fyra och 12 veckors anvandning av NEVERMIND-
systemet bland 108 patienter med brdst- och prostatacancer som fick och anvande
systemet. NEVERMIND-systemet hade god anvandbarhet enligt fradgeformularen om
anvandbarhet. En hégre grad av positiv instéllning till mobilappen observerades bland
kvinnor (bréstcancerpatienter) jamfort med man (prostatacancerpatienter); man hade

dock en betydligt hdgre grad av anvandande av det dvergripande systemet.

Studie Il. Sambanden mellan kén, utbildning, depressions- och stressymtom vid
baslinjen, upplevd anvéandarvanlighet, upplevd nytta och systemanvéndning i olika
stadier underséktes med hjalp av Bayesian Structural Equation Modelling i en path-
analys av 129 patienter med brdst- och prostatacancer. Hégre upplevd anvandbarhet
och hogre initial anvandning var forknippade med en hégre anvandningsniva efter 12
veckor. Resultaten visade att en battre forstaelse av systemets foérdelar och tidigt
engagemang var viktiga drivkrafter for dess fortsatta anvdndande och kliniska

effektivitet nar det galler att férbattra resultaten for psykisk hélsa.

Studie lll. | ett urval av 255 patienter med brést- och prostatacancer undersokte vi hur
forhallandet mellan NEVERMIND-systemets kliniska effektivitet, anvandbarhet och



acceptans vid behandling av depressions- och stressymtom hos patienter med brost-
och prostatacancer. Resultaten visade att patienterna i NEVERMIND-gruppen hade en
stoérre minskning av depressiva symtom an de i kontrollgruppen vid 12-
veckorsuppféljningen. Vidare visade undersdkningen att anvédndare som anvant
systemet i mer &n sex veckor upplevde en statistiskt signifikant minskning av bade
depressiva symtom och stressymtom jamfért med dem som anvant det i mindre an tva

veckor.

Studie IV. Denna studie undersékte den évergripande tillfredsstéllelsen hos anvandare
(68 med bréstcancer och 39 med prostatacancer) med NEVERMIND-systemet.
Tillfredsstéllelse mattes vid fyra och 12 veckor med hjalp av ett enpunkts frageformular
med tva dppna uppféljiningsfragor om anvandares erfarenheter. En induktiv och deduktiv
tematisk analys genomférdes med NEVERMIND-systemets komponenter som ett
kansliggdrande koncept och finslipades och tolkades genom Information Systems (IS)
framsngangsmodellens lins. Resultaten visar att 68,24% av anvandarna bedémde systemet
som bra eller utmarkt efter fyra veckor, med en liten minskning till 65,42% efter 12
veckor. Tre teman framkom fran den tematiska analysen: (1) Framja Personligt Ansvar
och Motivation, (2) Engagemang och Interaktionsupplevelser, och (3) Innehallskvalitet
och Relevans. Kénsskillnader framtrédde i prioriteringen av emotionellt stéd bland
kvinnliga anvandare och sjalvmedvetenhet bland manliga anvéndare. Anvandarnas
tillfredsstéllelse och utmaningar betonar vikten av ett anvandarcentrerat
tillvagagangssatt som fokuserar pé holistiskt valbefinnande, anvéandarengagemang,
personligt innehall och teknisk stabilitet. Denna studie bidrar ocksa till den bredare
litteraturen genom att anvanda IS success model som ett ramverk for att tolka
anvandartillfredsstallelse.

Slutsatser. Hogre nivaer av anvandbarhet, acceptabilitet och tillfredsstallelse i
NEVERMIND-systemet kan bidra till att foérbattra de mentala halsoutfallen fér patienter
med brdst- och prostatacancer, bade oberoende av varandra, och &nnu mer nar hoga
nivéer av engagemang, acceptans, anvandning och tillfredsstallelse samexisterar. De
betonar vikten av upplevd nytta, initialt engagemang och anvandarcentrerad design
inom olika komponenter av NEVERMIND-systemet och bekraftar den flerdimensionella
karaktaren av framgangsrik implementering av digitala halsorelaterade verktyg.
Dessutom indikerar de markbara skillnaderna i anvédndbarhet och preferens mellan
kénen att skréddarsydda och personliga strategier kan fungera som effektiva medel for
att mota varierande anvandarbehov. Sammantaget starker dessa insikter den
vetenskapliga bevisningen for vardexperter och digitala halsoutvecklare och guidar dem
mot att skapa och utforma digitala halsorelaterade verktyg genom anvandarcentrerade
och flerdomansmetoder.

Nyckelord: digitalt halsoverktyg, e-hélsa, anvandbarhet, acceptans, tillfredsstéllelse,

teknikacceptansmodell, mental halsa, cancerpatienter
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1 Introduction

11 Global depression and stress burden

Depression is a significant global health burden affecting over 280 million people
(approximately 3.8%) worldwide, with a prevalence of between 7% and 10% in Europe (1, 2).
As one of the preeminent causes of disability and a significant contributor to the global
burden of disease, depression can undermine the overall sense of well-being and quality
of life of affected individuals (1, 3). Among adults aged 60 years and above, the prevalence
is approximately 5.7%, with a gender disparity, with women being approximately 50% more
prone to depression than men (4). Depression manifests as persistent sadness, diminished
interest or pleasure in activities, reduced energy, low self-esteem, disrupted sleep or
eating patterns, and difficulty concentrating (5). These problems can become chronic or
reoccur, significantly impairing an individual's ability to perform at work or school and
affecting daily living, reducing the overall quality of life globally (3, 6). Depression can result
in suicide, a fatality associated with the loss of over 700,000 lives annually (7-9). The
burden of depression has increased over the past decade with the COVID-19 pandemic

increasing isolation and loneliness (10).

Similarly, stress is a pervasive issue that has wide-ranging implications for mental health
and overall well-being, including being a risk factor for Alzheimer’s disease (11), tumour
growth (12), and cellular damage (13). Stress manifests in many ways, from feeling
overwhelmed and agitated, to physical symptoms such as headaches, digestive problems,
sleep disturbances, and a weakened immune system (14). Furthermore, chronic stress is
intricately linked to a spectrum of psychological disorders, particularly anxiety and
depression (15-17). When these stresses become unmanageable, the risk of developing

mood disorders, substance abuse, or suicidal ideation increases (8, 18).

The combined impact of stress and depression on physical health can be significantly
more severe than their individual effects. Chronic stress can be both a precursor and a
symptom of depression (17). When these conditions coexist, their combined physiological
effects — such as elevated cortisol levels (19), sleep disturbances (20), and increased

inflammation (21) — can further increase the risk of somatic illnesses (21).

1.2 Depression, stress, and cancer: An interwoven complex

There is a clear connection between mental well-being and physical health (11,13, 14).
People who have experienced trauma, significant losses, or other highly stressful events,
including severe somatic illnesses, are at increased risk of developing depression (22). The
connection is especially true when examining depression, stress, and cancer. While these

can be understood separately, they often interact in complex ways, further accentuating



the connection between psychological and physiological well-being (23). The prevalence
of depression in cancer patients is estimated to range from 11% to 30% depending on the
type of cancer (e.g., lung, breast, prostate, and colorectal cancer), time elapsed since
diagnosis (right after diagnosis, advanced stages, survivorship) and treatment setting
(outpatient care, palliative care, inpatient care) (24-28). The increased prevalence of
depression can be attributed to a combination of factors, including the emotional burden
of a cancer diagnosis (29), the physical impact of the disease and its treatment (30),
feelings of loneliness (31), lifestyle changes, and a complex interplay of biochemical
changes in the body (32, 33). Consequently, depression in cancer patients can adversely
affect their well-being (34), treatment adherence (35), as well as overall prognosis (36). In
addition, the physiological stress response, marked by the release of cortisol, can weaken
the immune system, and increase inflammation, potentially leading to cancer progression
(21,37, 38). Compared to the general population, this increased co-morbidity burden
warrants more focused intervention in this group of patients (39, 40).

Finally, the co-occurrence of depression and stress with cancer has significant
implications for public health (41), individual health outcomes (42), and the healthcare
system (43). Patients with co-morbid depression and cancer face worse health outcomes

and increased healthcare costs compared to those with good mental health (43).

1.2.1 Managing depression and stress in cancer patients

This Ph.D. thesis focuses on patients with breast and prostate cancer. Depression among
patients with breast and prostate cancer, which are among the leading types of cancer in
women and men, respectively, is of particular concern (44, 45). These cancers are life-
altering diagnoses that profoundly impact the individual's self-image, sexuality, and life
roles, thereby increasing vulnerability to depression (25, 44-46). Therefore, managing
depression in these patients is essential to their overall care. Reis et al. reviewed
neuroimaging studies with cancer patients, revealing that these patients had changes in
pivotal brain regions, such as the prefrontal cortex, thalamus, and hippocampus, which are
linked with heightened anxiety, depression, and distress (47).

Despite this increased strain on cancer patients, they do not always receive full
psychiatric support and care from hospitals to manage their mental health (48). This
disparity in mental health care among persons with cancer has been documented in
different studies, citing the availability and accessibility of services (49, 50), stigma (51-

53), and lack of adherence to behavioural lifestyle changes, such as physical activity (46).

In the 2023 Clinical Guideline Practice (CGP) update of the American Society of Clinical
Oncology (ASCO) (27) and the European Society for Medical Oncology (ESMO) (26), both
guidelines recognize the importance of addressing psychological and emotional well-

being, especially depression and anxiety, in cancer patients. In both guidelines, screening



for different mental health symptoms among cancer patients remains a priority and one of
the first crucial steps in bridging the gaps in mental health care for cancer patients (26,
27).

Due to the lack of screening, patients are not referred to psychiatrists or psycho-oncology
services in due time (26, 27). One of the most effective depression management methods,
apart from psychopharmacological treatments, is lifestyle changes, psychotherapy,
cognitive behavioural therapy (CBT), and mindfulness-based therapies (26, 27). Though
patients with breast and prostate cancer receive guidelines and recommendations to
enhance their diet, physical activity, and mental health, many do not adhere to them due
to the significant lifestyle changes required (54, 55), logistical difficulties (26, 56), and
inability to follow-up. Compliance is challenging without proper guidance. Moreover, these
lifestyle adjustments are particularly difficult for patients experiencing depressive
symptoms, which can occur in any phase of the patient’s life (26). The combination of a
cancer diagnosis and feelings of inadequacy or self-stigmatization can worsen mental
health, diminish the quality of life, and potentially worsen physical symptoms (39).

Thus, actions to improve mental well-being in patients with breast and prostate cancer
have been implemented to bridge the gap in oncology. Different methods, including online
educational programs, web-based interventions, mindfulness-related training, and
educational and participatory sessions, are effective treatments (26, 57). Hence,
integrating a technology-driven intervention within these patient populations could

significantly improve mental health management and overall patient outcomes (40).

1.2.2 The need for integrated care models: A role for digital health technologies
(DHTSs)

Historically, mental health services have often been compartmentalized from other

medical care services, leading to patients not receiving timely mental health support (58).

The rising recognition of the interconnectedness of physical and mental health has led to a

concerted push toward more integrated care models through liaison psychiatry and

psychosomatic medicine (59, 60). In addition, digital health technologies/tools (DHTSs)

have emerged as significant catalysts.

12.21  What are Digital Health Technologies?

The U.S. Food and Drug Administration (FDA) refers to DHTs as "technologies that use
computing platforms, software, sensors, or other devices for health care” (61). The FDA's
definition includes mobile health, telehealth, wearable devices, personalized medicine, and
health information technologies (61). The literature documents that various definitions of
'digital health' exist, and different terminologies are used interchangeably, notably
electronic health (eHealth) and mobile health (mHealth) (62). In this Ph.D. thesis, we use



the term 'DHT' per the definition of the European Commission, which defines it as "tools
and services that use information and communication technologies (ICTs) to improve
prevention, diagnosis, treatment, monitoring, and management of health-related issues

and to monitor and manage lifestyle-habits that impact health" (63).

Digital health technologies (DHTs), leveraging technologies such as mobile applications,
wearable devices, telemedicine, and online therapy platforms, have demonstrated
immense potential to bridge gaps in mental healthcare by improving mental health (26, 27,
64, 65), enhancing patient autonomy (66), and augmenting existing care systems (57, 67).

Digital health technologies are critical for individuals with prostate and breast cancer due
to the demand for innovative solutions to address the challenges of depression and stress
described above. They deliver therapeutic techniques based on CBT, interpersonal
therapy, and other evidence-based approaches. In addition, DHTs provide resources for
self-care, psychoeducation, peer support, and mood and symptom tracking, offering

mental health support at convenient times and places (64).

Key Definition T. Digital Health Technologies are tools and services that use
information and communication technologies (ICTs) to improve prevention,
diagnosis, treatment, monitoring, and management of health-related issues and

to monitor and manage lifestyle habits that impact health.

2 Literature Review

21 Conceptual background

As DHTs have become an interest in mental health, one concept that has been integrated
is the self-management of mental health symptoms. Barlo et al. (68) define self-
management as "the individual's ability to manage the symptoms, treatment, physical and
psychosocial consequences, and lifestyle changes inherent in living with a chronic
condition”, which aligns with this Ph.D. thesis. Although different definitions exist, all
underscore individuals or patients’ active roles in managing their health using support from

healthcare providers, self-help tools, and available evidence-based resources.

In designing and developing DHTs, one of the best design approaches is user-centred
design (UCD), also known as human-centred design (HCD). According to the International
Organization for Standardization (ISO), UCD is defined as "an approach to interactive
systems development that aims to make systems usable and useful by focusing on the
users, their needs and requirements, and by applying human factors or ergonomics and

usability knowledge and techniques” (69). User-centred design aims to create products or



services that are relevant to the user’s needs by incorporating different principles that
consider all aspects of the user’s interaction with the system, supporting users in what
they need to achieve, emphasizing the active participation of users in the design process,
and adopting an iterative approach to refine the system based on user experience (69).
According to UCD (ISO 9241-210-2010) (69), four steps are involved in making a system
usable. The four steps include understanding and specifying the context of the use of the
system, followed by specifying the user requirements that lead to the design of the
product to meet the specified user requirements, and finally, the design is evaluated
against usability requirements and refined until the solution meets user requirements (69)
(Figure 1). This Ph.D. thesis focuses on the ‘Evaluate the designs against Usability Criteria’
step of the UCD (Figure 1).

Plan the User-Centred Design

Designed solution Understand and
meets user _.-="77" specify the context
Requirements -~ of use
,’, Iterate where
/ appropriate
;" mmmmm TSI T e -
Evaluate the " ~-__
designs against T Specify the user
/ Usability Criteria . requirements
\\
PhD thesis v
Study I-IV Produce design

solutions to meet
user requirements

Figure 1. Modified figure of User-Centered Design according to the ISO 9241-210:2019
Ergonomics of human-system interaction—Part 210: Human Centered design for

interactive systems (69).

Evaluating the design of a DHT against usability criteria involves understanding the
different aspects of usability, acceptability, and satisfaction. The following section
provides a comprehensive overview of the three dimensions: usability, acceptability, and

satisfaction, starting with the definition of each.



211 Usability

Usability is rooted in the broader domain of UCD. It has been defined by the ISO as “the
effectiveness (fulfilling a task), efficiency (as quickly as possible), and satisfaction (happy
about it) with which specified users can achieve specified goals in a particular context of
use (environments, equipment, task, user)" (69). Another widely used definition is Nielsen’s
model, coined in 1994 (70). Nielsen defined usability as the ease and pleasure of user
interfaces, characterized by five dimensions (70). These key dimensions are (1)
learnability: how easily the users learn the system'’s functionality and behaviour; (2)
efficiency: the attainable productivity level users can achieve after they have learned the
system; (3) memorability: how easily users can remember the system'’s functionality; (4)
few errors: the capability of the system to support users in making fewer errors during use;

and (5) satisfaction: the overall pleasantness of the design experience (70).

Similar to the Nielen's model, Shackel's Usability framework, based on Bennet (71, 72), and
Eason (73) frameworks, defines usability as "the capability in human functional terms to be
used easily and effectively by the specified range of users, given specified training and
user support, to fulfil the specified range of tasks, within the specified range of
environmental scenarios” and explained it using four attributes (1) Effectiveness: defining
tasks that must be accomplished with some required level of performance by assessing,
for example, speed and errors within the range of usage environment; (2) Learnability: how
effectively users can grasp the system within a set time frame, alongside the provided
training and user support; (3) Flexibility: allowing time to adapt tasks of the system beyond
the predetermined boundaries; (4) Attitude: ensuring users experience minimal level of
tiredness, discomfort, frustration, and minimizing personal effort to increase satisfaction

and sustained use of the system (74).

Key Definition 2: Usability is a multifaceted concept that encompasses the
extent to which a product can be used by specified users to achieve specific
goals with effectiveness, efficiency, ease of use, and learnability, all while

ensuring user satisfaction in a specified context of use.

2.1.2 Acceptability

Another crucial construct for evaluating the design of DHTs is acceptability. As Nadal et al.
highlighted, the definition of acceptability in DHTs is inconsistent in the literature (75). The
most commonly accepted definition of acceptability is "individual’s affective attitudes
toward a new digital health intervention, usage intentions (e.g.,, willingness to engage with
the intervention), actual usage (frequent interaction with the intervention), and satisfaction

after engaging with the intervention" (76). Consequently, acceptability can be measured at
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different points, including (a) perception acceptability, which is the pre-use acceptability
after hearing about the intervention but before engaging with it; (b) initial use of
acceptance, which is the level of acceptance during engagement; and (c) sustained use

acceptance measured after engagement with the system (75).

One of the most commonly used technology implementation approaches is the
Technology Acceptance Model (TAM) (77). In the TAM, the two constructs that makeup
acceptability are perceived ease of use (PEOU) and perceived usefulness (PU). Perceived
ease of use (PEOU) is defined as "the degree to which a person believes that using a
particular system would be free of effort" (77), p.320), and PU is defined as "the degree to
which an individual believes that using a particular technology would be beneficial" (77).
The TAM has been described in detail in section 2.2.1.

Key Definition 3: Acceptability is a crucial factor in digital health research and
practice. It is related to the perceived ease of use and usefulness of
technology, and it predicts user engagement, intervention effectiveness, and

widespread adoption.

2.1.3 Satisfaction

User satisfaction is another vital indicator of the overall success of DHTs. User-centred
design (UCD) stipulates that products should be developed by encapsulating every facet
of a user’s interaction with the system (69). Satisfaction, a construct within usability and
acceptability, reflects how a system aligns with a user’s needs, expectations, and
preferences (78, 79). Within the context of this Ph.D. thesis, evaluating user satisfaction
involves understanding to what extent users are content and happy with the DHT and
whether it meets the unique needs, preferences, and expectations, that breast and
prostate cancer patients, face in managing their mental health. Thus, when looking at
satisfaction, we try to understand: Does the DHT provide the kind of information, features,
and help that users like?', Does the DHT meet users’ expectations?, and ‘Are the users
happy with the DHT?'". Gaining such insights into the user experience is crucial to
comprehend the degree of contentment or fulfilment of users, which is influenced by their
expectations, perceived usefulness, ease of use, accessibility, and perceived quality of

support.

Key Definition 4: Satisfaction reflects the extent to which users are content
and fulfilled with a system and whether the system aligns with their needs,

expectations, and preferences.




Figure 2 summarizes various usability, acceptability, and satisfaction aspects, drawing
upon the key models and definitions described in the previous sections. This includes
Nielsen’s definition of usability (70), Shackel's model (74), Davis's TAM (77), and the ISO

guidelines (69), each contributing different perspectives and definitions.

Effectiveness-Fulfilling task ‘

Efficiently-As quickly as possible l

4‘( Satisfaction-Happy about it ‘

‘ Perceived ease of use }-— ‘ Usability l

‘ Perceived usefulness }-——{ Acceptability ‘

‘ Satisfaction ‘-——{ Satisfaction ’7

Figure 2. Conceptual framework for the Ph.D. thesis, adopted and modified from Nielson
(70), Shackel (74), TAM (77), and ISO 9241-11 (69).

2.1.4 Digital health tools and cancer patients: Why usability, acceptability, and
satisfaction matter
A plethora of research supports the effectiveness of digital health tools (DHTs) in
managing mental health in many chronic conditions, including breast and prostate cancer
(80-83). However, although these tools remain effective, engagement and acceptability
among users tend to be suboptimal (76). These challenges are also observed in patients
with cancer, especially in the self-management of mental health symptoms (84). In DHTs
designed to help cancer patients self-manage mental health symptoms, usability,
acceptability, and satisfaction have emerged as critical factors. In a pilot study, Chow et al.
evaluated the IntelliCare platform (72). Initially developed for the general population, the
IntelliCare platform comprises of a collection of mobile apps that cater to depression and
anxiety, employing different strategies, such as mindfulness and healthy sleeping habits, to
equip users with long-term coping and management tools (73). Chow et al. evaluated the
platform in breast cancer patients and identified areas of improvement (72). They
underscored the need to increase the relevance of the IntelliCare platform to cancer
patients, compared to the general population, and its perceived usefulness and
satisfaction levels for breast cancer patients, thereby increasing user engagement (72). In
a systematic review and meta-analysis of RCTs, Singleton et al. examined 32 studies to

assess the efficacy of eHealth interventions, patient engagement, and acceptability among
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patients with breast cancer (74). They found that eHealth interventions significantly
increased quality of life (74). In addition, they noted that these positive outcomes were
linked to patient satisfaction, perceived usefulness, and levels of engagement (74).
Moreover, Singleton et al. highlighted that interventions that provide disease-relevant
information and incorporate interactive support are instrumental in increasing patient

engagement (74).

Previous studies have examined both implementation barriers and facilitators of DHTs. In a
systematic review of 48 studies by Vis et al., the most frequent determinants of the
implementation of eHealth for mood disorders included acceptance of the intervention,
including expectations and the appropriateness of the intervention in addressing patients’
mental health (85). Similarly, Agochukwu et al. analysed 358 studies in a narrative review
(86). They found that older patients with prostate cancer were more inclined to accept
and adopt telemedicine when they perceived its potential to enhance their quality of life,
that is, perceived usefulness (PU) (86).

2.1.5 Factors influencing usability, acceptability, and satisfaction in DHTs

Several factors influence usability, acceptability, and satisfaction. While healthcare settings
and organizational structures significantly shape user experiences, this Ph.D. thesis focuses

on individual user factors and DHT characteristics, as discussed in the following sections.

2.15.1 Individual factors

Sociodemographic characteristics and digital literacy

Individual factors, such as sex, age, educational level, marital status, ethnicity, and
employment status, are associated with the usability, acceptability, and satisfaction of
DHTs. In addition, factors such as varied digital literacy and cognitive and emotional states
must also be considered in cancer patients. Consequently, UCD highlights the importance
of involving end users early in product design (69). However, designing a DHT with high
usability, acceptability, and satisfaction across all user groups might not always be

achieved.

A literature review by Reiners et al. found that higher age, lower income, and lower
education levels were associated with lower eHealth use among patients with chronic
conditions (87). A qualitative study by Marklund et al. investigated the differences
between the factors found in non-users or seldom users and users (88). Their study found
that the level of motivation, how comfortable users were with information technology (IT)
tools, and their level of health literacy, impacted how much users used the self-
management eHealth tool to manage their chronic disease (88). It is also the case that

some individual characteristics are confounded. In a systematic review by Zhang et al,,



several factors, such as older age, female sex, higher education level, living in an urban area,
and high social support, were positively associated with high digital literacy among cancer
survivors (89). Digital literacy, defined as "an individual's ability to seek, find, understand,
and appraise health information from electronic sources and apply that knowledge to
address or solve a health problem," is another critical factor in eHealth use, acceptance,
and satisfaction (90).

Concurrently, it is evident that an individual's digital literacy and habitual engagement with
technology are closely associated with their acceptance, use, and satisfaction with
specific DHTs (91). For example, Eshet-Alkatli and Chajut investigated the factors that
influenced changes in digital literacy over time (91). They explored how individuals’ digital
literacy skills can be improved, and whether age plays a role in this process, and found
that, regardless of age, older adults can learn new digital skills and adapt to technological
advancements, and that adequate training can lead to positive attitudes towards
technology and improved digital literacy skills (91). Therefore, identifying how these
individual characteristics play a role in the usability and acceptance of DHTs is crucial, so
that they can be better tailored to end-users, or interventions can be improved to serve

other demographics.

A qualitative systematic review and meta-synthesis by Patel et al. also suggested that
users' initial beliefs about DHTs influence how they engage with these tools (92). In
addition, environmental factors and personal support are associated with higher

engagement, thus leading to the success of DHTs and satisfaction (92).

Mental health status

The use of DHTs among patients with different mental health symptoms has also been
partially investigated. Moreover, individuals with poor mental health have different usage
patterns and profiles than the general population (93). In a recent usability study, Cillessen
et al. examined the predictors of an online mindfulness intervention in cancer patients who
experienced distress (93). Patients were categorized as non-users, minimal users, and
active users based on the number of practices and completed number of practices.
Overall, patients with conscientiousness, which reflects a low ability to follow through with
practices, were more likely to be non-users or minimal users (93). More importantly,
Cillessen et al. reinforced the need for adopting and tailoring eHealth interventions for

cancer patients, taking into account their mental capability (93).

2.15.2 Design, content, and user’s perceptions

One of the cornerstones in designing DHTs is the design, content, and users’ perception,
which affects the usability, acceptability, and satisfaction of these tools, especially what
aspects are valued by users and how they might be improved. Baumal and Kane analysed
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product design quality using available data to predict how users engage with self-guided
eHealth interventions on mobile and web platforms (94). They found that user
engagement was correlated with how successfully an intervention can engage users in
goal setting, encouraging them to complete goals, and the extent to which users feel
accepted and supported by the intervention (94). Another important aspect of mobile

app engagement is the visual design and content provided (94).

In a study by Gomersall et al. (95), the acceptability of a text message-enhanced clinical
exercise rehabilitation program for patients with cancer was evaluated. Their findings
showed that the content and design of the text messages played a crucial role in the
acceptability of the intervention. However, while most participants reported high
satisfaction levels and perceived usefulness of the text messages, a subset found them
unnecessary and unhelpful, leading to dropouts (95). The importance of customizing the
relevancy (96), content (94, 95, 97), and design (94, 98) of DHTs with individual
preferences to optimize usability, acceptability, and engagement has been noted. Beyond
the technical aspects of DHT functions, perceived ease of use (96, 99) and usefulness (99,

100) emerged as significant factors driving acceptability.

2.1.6 Evaluating usability, acceptability, and satisfaction in DHTs

Several metrics measure systems’ usability, acceptability, and satisfaction depending on
which dimensions are being studied, the stage of the UCD, the type of technology or
product used, and the context of use (101). To evaluate DHTSs, both formative and
summative evaluations are conducted. Formative evaluations assess an eHealth
intervention to improve the product and ensure the right goals are met (102). In contrast,
summative evaluations focus on benchmarking the ‘final' product (102). These evaluations
involve quantitative and qualitative approaches, with formative usability evaluations
heavily using qualitative methods. Formative evaluations include think-aloud protocols
(103), cognitive walkthroughs (104), and heuristic evaluations (105). Here, we first describe
the three widely used measures for summative evaluations, which the Ph.D. thesis focuses

on, and then describe one widely used formative evaluation.

Standardized questionnaires

Klaasen et al. reviewed 127 publications that evaluated telemedicine systems and found
that 80 of the 127 identified publications (69%) used questionnaires to assess usability
(106). Some standardized questionnaires include the Post-Study System Usability
Questionnaire (PSSUQ) (107), Software Usability Measurement Inventory (SUMI) (108), and
System Usability Scale (SUS) (109). Among these questionnaires, the SUS is one of the
most used usability scales to assess the attributes of learnability and satisfaction
dimension of usability (109, 110). The SUS is a ten-item subjective scale that quantifies how

well users interact and use the product covering, the ease of using different functionalities,



assessing any technical issues during usage, and the user’s impression and benefits of
using the system (109). Each item’s score ranges from O to 4, and the sum of the items is
multiplied by 2.5 to give a transformed composite scale ranging from O to 100, and a score
of 68 is considered above average (111). By comparing the SUS with other methods, such as
task metrics, Broekhuis et al. recommended that the SUS should be complemented with
other usability metrics for the best indication of the usability of a DHT (101). The SUS is
important when conducting summative evaluations, which is the focus of this Ph.D. thesis.

Task performance metrics

In addition to scales, task performance is a metric for gauging acceptability and usability
(101, 112). Objective evaluations, such as usage logs and the number of completed
practices, sessions, or tasks, are considered, by some, to be superior to questionnaires
(101).

Qualitative questionnaires

While Maramba et al. acknowledged that quantitative questionnaires and scales are the
most commonly used methods to assess usability, open-ended questionnaires
(qualitative methods) are also used (112). Qualitative methods that include open-ended
questions can help pinpoint usability or acceptability problems from the end-users’ point
of view. Satisfaction can also be assessed using interviews, which inquire about user
experiences, expectations, and perceived benefits. These critical questions can be
addressed by analysing user feedback and conducting qualitative interviews to capture
the depth of the user experiences.

Heuristics evaluation

In the field of usability engineering, Nielsen proposed a usability inspection method called
heuristic evaluation (113). Heuristic evaluation involves expert evaluators assessing the user
interface against a set of ten heuristics covering the various facets of usability (105, 113).
These ten heuristics emphasize the importance of (1) clear feedback to users about
system status; (2) the use of familiar phrases and concepts by the user; (3) allowing users
freedom and control in navigation; (4) maintaining consistency and standards across the
interface; (5) prioritizing error prevention; (6) minimizing cognitive load by eliminating the
need for recall; (7) flexibility and efficiency of use, catering to both novice and expert
users; (8) maintaining a clean and minimalistic design; (9) providing clear error messages
and suggesting a solution; and (10) offering accessible help and documentation when
necessary (113, 114). These evaluations are used as formative evaluations to determine
design problems early in the design phase (115).

In conclusion, although each evaluation method discussed has distinct advantages,

employing diverse approaches to assess usability, acceptability, and satisfaction is more
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advantageous (112). This multiplicity of methods allows for a more thorough and nuanced

understanding, capturing various facets and dimensions of user experience with the DHT.

2.2 Theoretical background

Considering the specific DHT assessed in this thesis and its specific context of use, two
theoretical models were employed to place the research in context. This approach
ensures the research is grounded in existing theory, providing a framework for exploring

and understanding the variables influencing usability, acceptability, and satisfaction.

2.21 Technology Acceptance Model

The Technology Acceptance Model (TAM) has been described in previous sections as one
of the conceptual frameworks used to understand acceptability through two key
variables- Perceived usefulness (PU) and Perceived ease of use (PEOU) (77). This model,
introduced by Davis in 1989 (77), was used to define these two constructs while conveying
the underlying assumptions behind their effect on acceptability. As a theoretical
framework, TAM provides a model that explains and predicts user behaviour through PU
and PEOU, influencing users’ decisions to accept and use technology. The TAM has been
empirically validated across various contexts in health care for cancer patients, including
acceptance and use of DHTs in palliative care (116), ambulatory care settings (117),
mammography (118), self-management (119), and technologies including wearables (120)
and mobile apps (117, 121), making it a reliable theory to explain and predict user behaviour
towards new DHTs. While TAM is a widely used theory, it has not been devoid of criticism.
For example, Holden and Karsh noted that several factors should be considered to
enhance this model and thus increase its predictive power (122). One suggestion is
integrating qualitative methods to enhance the understanding of users’ perspectives
further. Another is exploring factors that influence the long-term use of the technology, as
the TAM might primarily indicate initial acceptance and use (122). The need to further
refine the TAM was corroborated in a systematic review of TAM in health informatics by
Rahimi et al. (123). Others have also pointed out that the initial model does not fully
account for the complexity of technology acceptance and does not consider external
factors that might influence technology adoption, such as organizational (124, 125),

technological (124), and environmental contexts (126).

In this Ph.D. thesis, the TAM was modified to include individual characteristics influencing
both PU and PEOQU, as individual factors such as anxiety or stress (127) and
sociodemographic characteristics (87, 89) have been shown to influence the acceptance
and use of DHTs. Figure 3 shows the TAM adopted for this Ph.D. thesis.
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Figure 3. Theoretical framework for this Ph.D. thesis based on the TAM (77).

2.2.2 Information System success model

A second model was used to fully capture all three aspects, -usability, acceptability, and
satisfaction. The information systems (IS) success model, also known as the DeLone and
McLean IS success model, was introduced in 1992 by Deloe and McLean (79). The initial
model identified six dimensions for assessing IS success: System Quality, Information
Quality, Use, User Satisfaction, Individual Impact, and Organizational Impact (79). In their
ten-year update, the dimension evolved into Information Quality, System Quality, Service
Quality, Intention to Use, Use, User Satisfaction, and Net Benefits. (1) System Quality refers
to the technical aspect of the system, evaluating its reliability, ease of use, and
performance; (2) Information Quality focuses on the output of the IS, assessing its
relevance, accuracy, and timeliness; (3) Service Quality centres on the support delivered
to system users, examining the quality of service from personnel; (4) Use/Intention to Use
looks into actual utilization or the intention to utilize the system; (5) User Satisfaction
evaluates the users’ contentment and overall satisfaction with the system; and (6) Net
Benefits encompasses the tangible and intangible gains achieved through the use of the
system at different levels (79). Thus, these dimensions seek to evaluate and determine the
success of a system, providing a comprehensive lens through which the system can be

further improved (79). Figure 4 shows how each dimension is interrelated.
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Figure 4. Information System (IS) Success Model (79).

18



Although the IS success model has been substantiated as a robust framework for
assessing different facets of satisfaction, usability, and net benefits in non-health sectors
(128), there is a limited number of studies applying the IS success model to DHTs. In one
study, among those that used this theoretical model, the IS success model was used to
examine how health information sites lead to user satisfaction and benefits by examining
information, system, and service quality (129). Two additional studies used this model to

evaluate a healthcare information system in a hospital setting (130, 131).

While the IS success model has not been predominantly utilized within the domain of
DHTs, this Ph.D. thesis makes a case for its valuable use, harnessing its comprehensive
framework to examine, evaluate, and enhance DHT adoption. The subsequent paragraph
explains the implementation of the IS success model in this context. First, the model allows
for a comprehensive assessment, enabling a meticulous examination of the various
components of the DHT, spanning from system quality to tangible and intangible net
benefits. Second, the IS success model encompasses technological facets, such as system
and information quality, and user-oriented aspects, such as user satisfaction, providing a
holistic evaluation. Third, analogous to the TAM, the IS success model acknowledges the
importance of net benefits, which resemble PU in TAM, to ensure the efficacy of a DHT.
Fourth, the nuanced distinctions between each dimension of the IS Model assist in
accurately identifying the strengths and potential areas for enhancement across the
multiple dimensions of the DHT. Lastly, the IS success model can be integrated with
alternative models such as TAM, providing a more robust and context-specific theoretical
framework.

2.3 Rationale of the thesis

In the context of the advancing landscape of digital healthcare, this Ph.D. thesis seeks to
offer a relevant exploration. While the role of DHTs in the management of mental health
has gained traction in the past decade, a noticeable gap remains: the increase in studies
on DHT usability testing has lagged compared to those focused on effectiveness. This
discrepancy is highlighted by Marmba et al, who demonstrated that under a third of
studies, examining various DHTs, conducted usability testing (112). Given the roles of
usability, acceptability, and satisfaction of DHTs in determining patient outcomes,

evaluating these aspects becomes imperative.

This Ph.D. thesis follows the clinical evaluation of the NEVERMIND system, short for
NEurobehavioural predictiVE and peRsonalised Modelling of depressive symptoms duriNg
primary somatic Diseases with ICT-enabled self-management procedures. The
NEVERMIND system comprises a mobile app user interface and a sensorized shirt (shirt).
The mobile app and shirt collect mental and physical parameters data through

questionnaires and physiological data (e.g., heart rate variability and respiration),



respectively. Based on the severity of the patient’s symptoms, patients are directed to
personalized lifestyle behavioural advice, mindfulness, cognitive behavioural therapy, or
referral to mental health care. These components embedded within the NEVERMIND
system are designed to reduce and, secondarily, prevent mental health symptoms. The
effectiveness of the NEVERMIND system in reducing mental health symptoms was
evaluated in a real-world clinical setting, parallel-group, and pragmatic RCT in patients with
myocardial infarction, kidney failure, amputation, and breast and prostate cancer. The
NEVERMIND system was effective in reducing overall depressive symptoms in all patients
(65).

While the NEVERMIND system has been shown to be effective as a proof of concept
integrating diverse intervention components to reduce depressive symptoms, the focus of
this Ph.D. thesis is to appraise its usability, acceptability, and satisfaction, specifically
among patients with breast and prostate cancer. By examining these three dimensions
and understanding their determinants and facilitators, this thesis provides valuable
insights into the broader landscape of digital health tools (DHTs) and their potential to
augment mental health management in holistic care for patients with both cancer and
mental health problems. Beyond its immediate findings, this research can inform further
development of the system and other analogous systems. Ultimately, this Ph.D. project

focuses on the interplay among technology, mental health, and cancer management.

20



3 Aims and objectives

3.1 Overall Aim

The overarching aim of this Ph.D. project is to delve deeper into the usability, acceptability,
and patient satisfaction of the NEVERMIND system among patients with breast and
prostate cancer.

3.2 Specific Aims

This Ph.D. thesis aims to outline the NEVERMIND system'’s usability and acceptability
concerning sociodemographic parameters, baseline mental well-being, user engagement,
perceived usefulness, perceived ease of use and clinical effectiveness (Studies I-lll). To
better understand users’ experiences and their satisfaction, we analysed user responses
using qualitative methods in Study IV. The aims of each study included in this thesis are

provided below.

Study I. To study the association between sociodemographic characteristics and different

measures of the usability of the NEVERMIND system.

Study Il. To examine the relationship between baseline depressive and stress symptoms,
sex, education, usability, acceptability, and use of the NEVERMIND system.

Study lll. To identify how the NEVERMIND system'’s usability, use, and acceptability relate

to its clinical effectiveness.

Study IV. To investigate the overall satisfaction of prostate and breast cancer patients

with the NEVERMIND system based on user experience.

4 Overview of the thesis

The four studies included in this thesis address a distinct facet of the user-centric
experience and evaluation of the NEVERMIND system, aimed at understanding the

intricacies of its usability, acceptability, and satisfaction among cancer patients.

Study | delves into sociodemographic variables associated with the usability of the
NEVERMIND system. This study involves the analysis of factors such as age, gender, marital
status, educational level, employment status, and cohabitation. By pinpointing these
variables, this study sets the stage for understanding which demographic groups benefit
most from the system and where further tailoring might be essential. It aims to answer the
question, “Which sociodemographic characteristics are associated with the usability of
the NEVERMIND system?”
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Study Il extends the analysis to baseline sociodemographic characteristics and baseline
mental health status and their relationship with system usability and acceptability.
Recognizing that different individual characteristics can shape both the perception and
the frequency of interactions with the system, this study identifies if sociodemographic
characteristics, depression, and stress levels influence the use of NEVERMIND for patients.
In addition, the relationship between different usability and acceptability parameters and
use of the NEVERMIND system is explored. The central query here is: “How do baseline
mental health symptoms, sex, education, early engagement, and acceptability affect the
use of the NEVERMIND system?”

Study lll evaluates the relationship between the NEVERMIND system'’s usability,
acceptability, and clinical efficacy. Here, the primary interest is determining whether those
who find the system more user-friendly and acceptable gain more significant clinical
benefits, evaluated as the reduction of depressive and stress symptoms from baseline to
12-week mark. The overarching question is: “How does the usability and acceptability of
the NEVERMIND system influence its clinical effectiveness in reducing depressive and

stress symptoms?”

Finally, Study IV delves into patients’ overall satisfaction with the NEVERMIND system while
concurrently examining how satisfaction differs between breast cancer (female) and
prostate cancer (male) users. This study seeks to answer the following questions: (1) “What
is the level of overall satisfaction among users of the NEVERMIND system?” (2) “Which
elements of user experience contribute to user satisfaction or dissatisfaction with the
NEVERMIND system?”, and (3) "How does satisfaction with the NEVERMIND system differ
between males (prostate cancer patients) and females (breast cancer patients), and what

aspects of the system are valued or problematic for each gender?”

Figure 5 provides a summary of the four studies.

22



€¢

Y e L e E T

sasuodsai aallelljenD g

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

salleuuonsany 'y

L e |

poyiaw-paxing

elep 80|95 g

e T

Salleuuonsany 'y
————————————— -]

aAnEe}UEND

possossy S|00]

"SISaY3 ‘Q'Ud SIY3 Ul papn|oul S8IpN1s N0y 8Y3 JO Uolieisn||i 913ewayos 'g ainsdi4

e

iJapuagd yoea Joj 213ewa|qoud

1o panjen ale walsAs ayy Jo syoadse Jeym
pue ‘sajewa) pue sajew U23aMm1aq JajIp WalsAs
ANINY3AIN 943 YIIM UonOBsiieS S0P MOH'E
fwiaisAs ANIWYIAIN Y1 YUM Uoaeysiessip
10 uoI3oE)SIIES U3sN 0] 83NgIIU0d

2ouaniadxa 1asn Jo sjuawWala YIIYM 'z

¢waisAs NIIAIYIAIN 2Y3 Jo siasn Suowe
UOI1IBJSIIES [|RJANO JO [3A3] 3Y3 S 1By 'T
¢swordwAs ssauys

pue aalssaldap Suidnpal ul SSaUBAIDBYD
[e21u1]2 531 @duan|jul WaisAs ANINYIAIN 43
Jo Ajnjigeadadoe pue Ajljigesn ay3 saop moH

|

¢wiisAs NINYIAIN

ay3 Jo asn ayy y10ayje Ayjigeidade

pue quawagedua Ajuea ‘uoileanpa ‘xas
‘swoldwAs yjjeay |ejusw aulj@seq op MoH

¢waisAs NINYIAIN
ay3 jo Ajjigesn ay3 Yyim pajeidosse aJe
~—  sapisiejdeleyd oiydelSowapoldos Yaymm

SUoIISaND Ydieasay

«— uopdejspes yusned Al —

«—— g Aunqesnweishis —
jo yedwy jedqur) i

«— 1 juawafesuy walsAs —
Supuenpuj si030e4 ||

sajydesSowaq Jasn |

sndo4 Apmis | # Apnis

uoldeysijes

SSauaAIay3
jeauly pue
Anjiqerdasy
‘Avnqesn

Ayjigeydsaoy

uonez|nn juawaseSu3

pue Ajjigeidany

Ainqesn waishs g Aupigesn

spadsy



5 Materials and Methods

5.1 Study Design

A description of the NEVERMIND RCT is provided below to provide the context of the
study design on which the Ph.D. project is based. After the description, the subsequent

sections will focus only on parts that are within the scope of this Ph.D. thesis.

The NEVERMIND RCT was conducted from December 2017 to December 2019, with the last
follow-up conducted in June 2020, where 425 participants were recruited. This RCT study
was a parallel-group and pragmatic trial conducted in Pisa and Turin in Italy and Lisbon in
Portugal. Participants with kidney failure were recruited from clinical centres in Pisa and
Turin, whereas patients with breast and prostate cancer were recruited from Turin.
Patients with myocardial infarction and leg amputation were recruited from a clinical
centre in Lisbon. The completed study design for the RCT is described in the study
protocol (132).

The following section provides a detailed description of the NEVERMIND system,
establishing a foundational understanding critical for successfully exploring its usability,

acceptability, and satisfaction.

5.1.1 Description of the NEVERMIND system

5.111 The Mobile app

The mobile app features a user interface that consistently tracks patients’ mental well-

being and addresses mental health symptoms in real-time (Figure 6).

1
@O0

My Health Mindfulness

Figure 6. Screenshot of the Mobile app: The first component of the NEVERMIND system.
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The mobile user interface is enhanced with an avatar and voice monitoring capability to
articulate system notifications. Furthermore, the user interface can be customized to align
with the patient’s dietary needs, physical exercise abilities, and personal preferences,
offering lifestyle advice designed to boost the users’ physical well-being in relation to their
cancer diagnosis. Below is an elaboration of the different modules within the mobile
application.

Mood state monitoring platform (What's Up)

The Mood State Monitoring platform, named "What's Up" within the NEVERMIND app, aims
to provide a detailed, real-time insight into the user’s mental health through a sequence of
daily questions and monitoring of mental health status. Below is a breakdown of the

platform’s components and functionalities.

. Daily check-ins
e Objective: To establish a baseline evaluation of a user's mental state using
daily questions.
e Content: Users were provided with three daily questions: Q1 How are you
feeling today?', Q2 How was your sleep?, and Q3 How was your day?,
where the responses were used to assess mental state.

Il.  Advanced inquiry on mental state

e Objective: To obtain more information about mental health aspects based
on responses to the three questions (described above).

e Content: Depending on the initial responses, a second level of inquiry was
triggered to examine users’ levels of depression and anxiety. Q1 triggered
three more questions: Q4 Do you feel sad, down, or uninterested in life?, Q5
Do you feel anxious or nervous?’. Q3 triggered two additional questions: Q7.
How would you rate the amount of stress today?, and Q8 How would you
rate your ability to handle stress?

ll.  Clinical assessment of mental state

e Objective: To clinically evaluate users’ mental and emotional well-being
based on responses to the three questions (described above).

e Content: A third level of inquiry included clinically validated psychometric
questionnaires, such as the 9-item Patient Health Questionnaire (PHQ-9),
the Paykel Suicide Scale (PSS), the 7-item Generalized Anxiety Disorder
Scale (AIS), and the 5-item World Health Organization Well-Being Index
(WHO-5). After the first assessment, they are administered every 14 days.

IV.  Level of Care (LoC) assighment

e Objective: To direct users to an appropriate LoC based on user data.

e Content: Users were guided to different LoCs depending on their
depression, anxiety, or stress symptoms, as indicated by their psychometric
scale scores (Figure 7).
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No Symptoms LoCO Positive Feedback

Physical Activity
Mild Symptoms LoC1 Behavioural Advice Dietary Recommendation
Sleep Hygiene

Moderate LoC2 Mindfulness Practices
Symptoms
Moderately Severe ,
Symptoms LoC3 Online CBT
Severe Symptoms .. | sl st

YR ~ Treatment Team
Suicidal Intent LoCS Emergency

Information

Figure 7. The Six Levels of Care (LoC) and their corresponding interventions.

Level of Care O (LoCO) caters to users managing their mental health; however, the app still
positively reinforces everyday activities. In contrast, LoC1 provides personalized
behavioural advice about sleep, physical activity, and diet to those exhibiting mild mental
health symptoms. Further details about these modules are explained in the next section.
Level of Care 2 (LoC2) and LoC3 recommend mindfulness and online CBT, respectively, for
users exhibiting moderate-to-moderately severe symptoms. While the last two LoCs
(referral to the treatment team and emergency information) fall beyond the scope of this
Ph.D. thesis, they are illustrated in Figure 7 to provide a comprehensive overview of the
interventions within the NEVERMIND system.

My Health module

The module tracks physiological data and provides educational content to users. Below is

a breakdown of the educational content provided to users.

V. Monitoring weight and blood pressure

e Objective: To provide users with a history of their weight and blood
pressure.
e Content: Users reported their weights and blood pressure to monitor their
progress. A visual chart allowed users to observe the changes in every entry.
VI.  Educational content:

e Objective: To provide users with well-rounded, easy-to-understand, and in-

depth information about their cancer diagnosis.
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e Content: A total of 17 contents with disease-specific information, expert
medical insights, a guide on managing life quality during treatment, personal
narratives from cancer survivors, and a catalogue of additional resources

and support networks.

Physical activity module

The physical activity module within the application features customized physical exercise
programs tailored to align with the capacity and capabilities assessment of the user
conducted during the enrolment process. A detailed outline of the physical exercise
module is provided below.

| Assessment of individual capabilities

e Objective: To build a personalized plan based on a user’s physical
functionality, including any disabilities

e Content: The clinician evaluated movement patterns and identified physical
deficits to build a personalized plan to reinforce diaphragm mobility,
resistance, balance, and aerobic exercises

Il.  Exercises

e Objective: To set up specific modules based on the individual capabilities

e Content: Physical activity module with a specific exercise program tailored
to the physical capacity of the user. These programs included (according to
difficulty level) diaphragm, core, leg stance, leg stance advanced, and
aerobic exercises.

Ill.  Introduction and tutorial

e Objective: To introduce and familiarize users with the exercises

e Content: A few textual introductions for users, along with a video tutorial
for each exercise before the start of the exercise.

IV.  Exercise tips

e Objective: To have users perform the exercises proposed in the module

e Content: Guide messages on how to continue after the introduction and
tutorial. A timer was also included on the screen to support users in keeping
track of each exercise.

V.  Feedback from users

e Objective: To progressively increase or decrease the difficult levels of
consequent activities following each user’'s advancements and feedback.
e Content: A questionnaire about the level of difficulty of the exercise

performed.

Dietary recommendation module

The dietary recommendation (dietary) module utilizes a mechanism to enhance intrinsic

motivation among patients. This interactive module allows users to select a specific
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recommended diet based on ten categories available to be launched, including breakfast
like a king, the quality of protein, healthy routine, healthy meal, carbohydrates vs. sugar,
fats and tastes, healthy chewing, alcohol, water vs. sugary drinks and vegetables and fruits

to focus on for improvement. Below is a refined breakdown of the dietary module.

| Initial setup and assessment

e Objective: To build a personalized plan according to clinician
recommendations, user preferences, and priorities.

e Content: Users are introduced to the ten categories, and a clinician sets up
dietary recommendations, selecting categories of food recommendations
coupled with users’ priorities and preferences based on a questionnaire
about their dietary habits.

Il.  Educational content about dietary categories

e Objective: To help users adopt a healthy diet by providing educational
content for each category.
e Content: Description of each of the ten categories, and the user can see
the ‘read’ status of the educational content once it is completed.
. User personalization and goal setting

e Objective: To set dietary goals for the users.
e Content: Users prioritize the list of recommended categories by dragging
items in the desired order, where they can alter their priorities at any time.
In the chosen categories, users received a questionnaire to identify
unhealthy dietary habits within each category. If an unhealthy habit is
identified, then a corresponding goal is proposed to the user.
VI.  Monitoring and progress tracking

e Obijective: To track the ongoing status of 'set’ goals.
e Content: The user interface shows the ongoing status, achievements, and
goal completion percentage.
VIl.  Recipes and tips
e Objective: To provide support to users in achieving goals.
e Content: Recipes tailored to a user’s condition, dietary predilections, and
specific categories. These recipes also included images and video tutorials.
IV.  Continuous feedback

¢ Objective: To continuously track and adapt goals based on users’ goals and
progress and enhance performance on their 'set’ goals subsequently.
e Content: Users interacted with different diet categories and modules and

provided feedback about their ongoing status to receive feedback.
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Sleep module

The sleep module was designed to monitor sleep quality via a questionnaire and provides

a wealth of educational content and calming practices. These resources aim to enhance

sleep quality and provide strategies for managing insomnia and other sleep-related issues.

By consistently tracking and analysing sleep patterns, the module offers personalized

advice to help users develop healthy sleep habits and improve their overall well-being. A

detailed outline of the sleep module is provided below.

V.

Initial interaction
e Objective: To familiarize users with the sleep module
e Content: Introduction to the sleep module dashboard and guidance on how
to perform sleep exercises.

Dashboard Navigation and Exploration

¢ Objective: To provide users with a comprehensive list of support and
interactive items to promote healthy sleep hygiene.

e Content: A list of exercise recommendations for the current day where
users can view historical responses to the question, How was your sleep?'.
These data were provided in both text and graphical formats, representing
analyses of previous quality of sleep and previous sleep practices. The
dashboard also included tips on achieving higher quality sleep (e.g.,
positions during sleep and how to fall asleep quickly).

Sleep practice

e Objective: To improve users’ sleep quality.

e Content: Users engage in practices such as 'self-contact’ before sleeping.
Users put on the shirt (described in Section 5.1.1.2) before sleeping. The
practice was delivered through audio or video format 30 minutes before the
intended sleeping time.

Daily Sleep Quality Assessment

e Objective: To assess users’ sleep quality.

e Content: Users were promoted with daily questions regarding sleep quality
during the previous night. If the users completed a sleep exercise, they
evaluated how much it helped them sleep.

Continuous monitoring and feedback

e Objective: To offer supportive and applicable sleep practices.

e Content: Users continually track their sleep quality over time, and receive
tailored tips based on their responses to daily sleep and post-exercise
questions.

29



Mindfulness module

The app’s mindfulness module allowed users to participate in a mindfulness program built

on smartphones and wearable technology. The comprehensive program includes audio

sessions and video tutorials and introduces a progressive, personalized course that

functions in accordance with a specific schedule. The following is a refined breakdown of

the mindfulness module.

L.

V.

V.

30

Introduction to the mindfulness module

Objective: To familiarize users with the mindfulness module.
Content: In the first phase, spanning 2-3 weeks, users are introduced to the
mindfulness module dashboard through text and video tutorials on how to

perform the practices and experiences it offers.

Mindfulness Practices

Objective: To engage users in mindfulness exercises.

Content: The mindfulness program offers sessions that are either 10 or 25
minutes long and include practices such as yoga and grounding exercises.
Users had the option to perform the sessions while wearing or not wearing
the shirt (described in Section 5.11.2).

Biofeedback during practices

Objective: To provide users with real-time physiological data and feedback
during practice while wearing the shirt.

Content: Displayed physiological data (e.g. heart and respiratory rates)
collected via the shirt. Users received feedback on changes, for example, in
their heart rate during mindfulness practices, both in numbers and visually,

showing percentage changes in heart rate and respiration rate.

Diary of Experiences

Objective: To engage users in cognitive exercises related to their daily
experiences based on situations presented (e.g., positive events, listening to
nature, negative events, and welcoming emotions in the body).

Content: The concept and importance of recording experiences are
explained to the users. Users can record, review, and access their
experiences.

Progress and Personalization

Objective: To offer a personalized mindfulness journey based on user input
and progress.

Content: Over 6-7 weeks, the app suggests practices that align with the
user’s personality, emotional style, and emotions reported throughout the
day. Once users have done a mindfulness practice, a shorter version (1 min)
of the practice is recommended daily. Users were also asked to provide

problems with the experience, emotions, and feelings after each session.



Online CBT (Deprexis)

Below is a short description because only some users used the Deprexis module. Deprexis
is an evidence-based online CBT (133) provided to patients at Level of Care 3 (LoC3). In
this case, users are directed to log into a different system (Deprexis system) by registering
with their email and password. Deprexis includes 11 tailored modules, ranging from 30 min
to an hour. These modules, using interactive tools, are (1) psychoeducation and
understanding of perceived causes of depression, (2) behavioural activation, (3) cognitive
modification, (4) acceptance and mindfulness, (5) interpersonal skills, (6) relaxation,
exercise, and lifestyle, (7) problem-solving techniques, (8) expressive writing and
forgiveness, (9) positive psychology interventions, (10) emotion-focussed interventions,

and (11) a summary/review module.

5112  Shirt

The NEVERMIND wearable monitoring system consists of a shirt, a portable data logger,
and a docking station (Figure 8).

Th

The docking station

Figure 8. The Shirt: The second component of the NEVERMIND system.

This wearable monitoring platform has been designed to provide comfort and practical
utility, and to be integrated into daily life while providing clinical monitoring. While users
are free to wear the shirt as frequently as desired, they are instructed to wear it at least
twice a week, especially when practicing mindfulness and sleep exercises. The app
receives biofeedback on the user’s respiratory and heart rates when the shirt is worn
during mindfulness and sleep practices. This information is then displayed on the screen

while the user is practicing.

Sensing platform

I.  Shirt design
The shirt, designed for males and females (Figure 8), comes in cotton or a Meryl® Skinlife

artificial fibre, chosen for their wearability and comfort. The shirts were made in different

sizes to accommodate users and the data logger.
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Il.  Datalogger implementation

The data logger, attached to the shirt, collects physiological data. Utilizing signal
processing techniques, the data logger extracts pertinent biomedical features from the
gathered data. These features broadly fall into three domains: the intricacies of movement
dynamics, the variability of heart rate as detected by electrocardiogram readings, and the

patterns present in respiratory dynamics.

Docking station

The docking station serves as a charging station for the data logger and processes the
collected physiological data. After a session with the shirt, the users placed the
accompanying data logger into the docking station. The docking station was the central
hub for data management. Data recording operations, including starting and stopping,
were managed through the mobile app. The docking station automatically retrieves data
from the embedded data logger and wirelessly sends the extracted data to the
NEVERMIND server.

Integration of Decision Support System (DSS)

The DSS comprises of (1) a real-time module embedded within the NEVERMIND mobile
app, providing immediate patient feedback, and (2) an updater module to continually
refine prediction models for patient depressive symptoms and well-being based on
observed patterns.

User's Devices
Figure 9. Schematic

User's Feedback Extracted Features

Request Analysis diagram illustrating the

Send Data
data flow within the
Functional Server Processing Server NEVERMIND system.

Docking Station

In conclusion, utilizing the mobile app and shirt, the NEVERMIND system fosters data-

driven mental health support interventions by providing comprehensive monitoring and
personalized feedback tailored to the user’'s needs. Please refer to Figure 9 to visualize the
data flow within the NEVERMIND system.

5.2 Overview of the study participants

Participants were recruited to the NEVERMIND RCT from December 2017 to December
2019. The RCT was designed to allocate half of the patients to receive the NEVERMIND
system, and the other half to receive treatment as usual (control). This Ph.D. project uses

cross-sectional data from the NEVERMIND RCT, focusing on patients with breast and
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prostate cancers who used the NEVERMIND system for 12 weeks for studies |, I, and IV;
Study Il also includes participants in the control group to first evaluate the effectiveness
of the NEVERMIND system in reducing depressive symptoms between those who were in

the control group and those who were in the NEVERMIND system.

5.2.11 Selection criteria

Participants were recruited for the study according to the inclusion and exclusion criteria,
detailed in Table 1. Patients with breast cancer were recruited from the Breast Unit-
Oncology Department at Citta della Salute e della Scienza di Torino University Hospital in
Turin, ltaly through the recommendations from oncologists (65). Those diagnosed with
prostate cancer were recruited from San Luigia Gonzaga University Hospital and Citta della
Salute e della Scienza di Torino University Hospital in Turin, Italy from inpatient registers
and through referrals from the Urology departments (65). Additionally, digital literacy was
gauged in the NEVERMIND RCT study as ‘Basic skills in using a smartphone’ which inquired

if users could send and receive emails on their phone.

Table 1. Participant Eligibility Criteria: Inclusions and Exclusions.

Inclusion Criteria

Exclusion Criteria

Adult individuals aged over 18 years

Patients diagnosed with stages of Breast and
Prostate Cancer other than specified

Fluency in the Italian language

Major psychiatric disorder diagnosis (like
bipolar disorder, psychosis, severe suicidality)
except for depression, unless already receiving
treatment

Diagnosed with advanced stage IV Prostate
Cancer, having completed all treatments
except for adjuvant androgen-deprivation
therapy (ADT) at least a month prior.

Suicidal ideation within four weeks preceding
study enrolment

Diagnosed with advanced stage Ill or IV Breast
Cancer, having completed all treatments
except for hormonal or trastuzumab therapy at
least a month prior.

Suicidal ideation within four weeks preceding
study enrolment

Basic skills in using a smartphone

Substance abuse disorders

Undergoing psychological therapy involving
mindfulness or similar relaxation methods or in
psychotherapy for less than 6 months at the
study enrolment time

Pregnancy

Conditions with the potential to influence
short-term survival

Inability to partake in study procedures,
including giving informed consent

Participation in any concurrent clinical trial that
might conflict with the objectives or safety
measures of this study
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Figure 10 presents the CONSORT diagram detailing the participant flow through the various
stages of the study.

Did not want to participate Approached for inclusion

(N=193) Not meeting
No reasongiven?n:nl] S inclusion (N=303)
Doesn't have time (n=34) Assessed for ehglbﬁlltv * Currently ontreatment for

Livestoo far (n=19) deFr?S_sial_ﬂ(m_ll]
* Cognitive impairment (n=7)

n=558
Doesn'tbelieveisitbeneficial {(n=19) I e el
* Privacyissues(n=5) z E 3 = n_a e to use smartphone
+ Notinterested (n=5) n=255 Meet_mg mctussc_m_ and ) Ln_sa s
agreeing to participate acemaker{ns12)

* Medicalissues (n=37)
* Rehabilitation (n=4)

L l, * Oldage(n=139)
]
Nevermind intervention (n=129) ‘ Control group (n=126) |
Breast cancer n=80; prostate cancer n=49
T
v n=21 drop-out
‘ Fol \owfup at 4-weeks {n:j_[]S) ‘ N=11 dropped out before receiving the system (1 nickel allergy, 1 pacemaker, 2
¥ emergency surgeries, and 7 participants never came back to get the system)
9 patients received the system but did not use the system (did not open the system)
‘ Follow-up at 12-weeks (n:108) ‘ 1 patientcompleted the study, but outcome data was notcollected

Figure 10. CONSORT Diagram illustrating participant flow.

A total of 751 patients with breast and prostate cancer were approached for inclusion, of
which 558 (74.3%) were assessed for eligibility. Of the 558, 255 (45.7%) met the inclusion
criteria and agreed to participate. Participants were then allocated to the NEVERMIND
system (n=129) or the control group (n=126). Of the 21 who dropped out after being
allocated to the NEVERMIND system, 11 (52%) dropped out before receiving the system
due to various reasons, such as nickel allergy and emergency surgery (Figure 10). The
remaining 10 (48%) participants either did not use the system or did not have any

outcome data collected.

5.3 Data collection

The data for Studies I-IV were retrieved from the NEVERMIND RCT. All participants In the
NEVERMIND trial underwent initial evaluations at baseline by a team of healthcare
professionals, and researchers trained to standardize data collection procedures. The
baseline questionnaires included questions about sociodemographic characteristics and
mental health symptoms. The same mental health questionnaires were administered at 12
weeks. Participants in the NEVERMIND intervention group received additional follow-up
questionnaires at four and 12 weeks. The following sections cover the questionnaires and

assessments used in Studies I-IV.
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5.3.1 Assessment of mental health symptoms

5.3.11 Depression

Depressive symptoms were measured using the BDI-II (134). The BDI-Il is a widely used 21-
item self-report inventory that measures the severity of depressive symptoms in adults
and adolescents, with each item rated on a scale of O to 3 based on the intensity of the
symptom (135, 136). The BDI-Il score is calculated by adding the scores of its 21 items, with
total scores ranging from O to 63, with higher scores signifying more severe depressive
symptoms (135, 136).

5312 Stress
Stress symptoms were measured using the DASS-21(137). The Stress Scale of the DASS-21

is a 7-item subscale that assesses respondents’ experience of stress symptoms over the
past week (137). Each item is rated from O (did not apply to me at all over the last week) to
3 (applied to me very much or most of the time over the last week). The total is then
doubled to align with the full version of the DASS-2], leading to a possible score ranging

from O to 42, with higher scores indicating higher stress levels (136, 137).

5.3.2 Assessment of baseline sociodemographic variables

Sociodemographic information, including age, sex, marital status, educational level,
employment status, and cohabitation, was recorded at baseline. Age was used as a
continuous variable, and sex was (0O) male or (1) female, which was confounded by cancer
type. Marital status was coded into two variables: (O) Single (consolidating 'Single’,
'Divorced, and 'Widowed' and (1) In a partnership (combining 'Married' and 'Domestic
Partnership'). Education level, with original values ranging from 'No education’ (O) to
'Postgraduate (5) was recoded into two groups: a reference group (O) 'Low levels of
education’ (including 'No education', Primary School, 'Secondary school, and (1) 'High levels
of education (including 'College/Diploma’, and above). Employment status, initially also
comprising six values, was recoded into a reference group (O) 'Unemployed' (merging
‘Retired, 'Unemployed’, 'Not working due to health’, and '‘Other' and (1) Employed' (including
'Employed full time', and 'Employed Part-time'. Lastly, cohabitation was recoded into (O)
‘Living Alone' (used as a reference group) and (1) 'With Someone' (combining living 'With
Spouse’, 'With spouse and children’, 'With children’ 'With other adults related to me’, and
‘With other adults not related to me'.

5.3.3 Assessment of usability

5.3.3.1 System Usability Scale (SUS)

After using the NEVERMIND system for four and 12 weeks, patients were asked to complete
the SUS. Recognized as the most prevalent tool to assess usability, the SUS provides
insights into user learnability and satisfaction within usability dimensions (109, 111, 138). This
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ten-item scale serves as a subjective metric, offering a quantitative analysis of user
interaction and use of the system, exploring the ease of use of different functionalities,
addressing any technical challenges during usage, and examining users’ perceptions about
the advantages of system use (109, 111). The score for each 10 items ranges from O to 4,
and the sum of the items is multiplied by 2.5, resulting in a score ranging from O to 100,
where a score surpassing 68 is deemed above average (109). In a systematic review, Sousa
et al. found the scale to have an interitem correlation between 0.34 and 0.69 and high
reliability (Cronbach’s «>0.80, with most studies having 20.90) (110). Thus, the SUS is an
appropriate scale for evaluating the usability of DHTs (139).

5.3.3.2 The User Version Mobile Application Rating Scale (UMARS)

After 12 weeks of utilizing the NEVERMIND system, the participants were administered the
UMARS. The uMARS, derived from the MARS initially intended for digital health specialists,
has been developed and validated for end-users (140), as how users view an app
significantly differs from experts building the app (141). The uMARS evaluates the
calibration of mobile apps across different dimensions. It measures the quality of an app
by appraising elements of engagement, functionality, aesthetics, and information (140).
The global score of the uMARS global score and its four objective quality scales range from
0 to 5, where a score of 5 signifies optimal app quality (140). Furthermore, similar to the
SUS, the uMARS has also been shown to have an overall high internal consistency
(Cronbach’s a=.90) and a good interrater reliability correlation coefficient (0.66-0.70)
(140). The Italian translation of the uMARS used in this Ph.D. project, specifically Study | and
II, has also been validated with a Cronbach’s a of 0.945 and high reliability (Pearson’s
correlation coefficient higher than 0.7, p<0.05) and an Interclass Correlation Coefficient
(ICC) between 0.75 and 0.94 (142).

5.3.4 Assessment of acceptability

5.3.4.1 Perceived Usefulness (PU)

The PU questionnaire, developed by the Polytechnic University of Madrid (UPM),
comprises ten items rooted in the TAM (77). The questionnaire includes ten positively
worded statements, such as NEVERMIND gives me more control over my health status.,
for which patients rate their concordance on a scale of 1 (strongly disagree) to 5 (strongly
agree) after using the NEVERMIND system for 12 weeks. The complete questionnaire can
be found in Appendix A of Study Il (136) and was used in Studies Il and lll as a continuous
variable in the analysis.

5.3.4.2 Perceived Ease of Use (PEOU)

Patients were asked to complete a questionnaire regarding the PEOU after four weeks of
utilizing the system and once more after 12 weeks of usage. The PEOU questionnaire

serves as an acceptability metric and was developed by the UPM based on the TAM (77).
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The questionnaire uses a 9-item Likert scale, ranging from 1 (very difficult) to 5 (very easy).
For instance, participants evaluated the simplicity of reporting and managing dietary goals
through the system. The questionnaire was applied in Studies Il and Ill as a continuous

scale in the analyses and can be found in Appendix B of Study Il (136).

5.3.5 Assessment of satisfaction

5.3.5.1 Quantitative questionnaire

After using the NEVERMIND system for four weeks and subsequently after 12 weeks,
patients were asked one question: “What is your Overall Satisfaction with the NEVERMIND
system?” The response options ranged from poor (0), good (1), acceptable (2), and

excellent (3) at both four and 12 weeks, respectively.

5.3.5.2 Qualitative questions

Patients were provided with a follow-up of two open-ended questions: (1) 'What did you
like about the NEVERMIND system?' (2) 'What did you dislike about the NEVERMIND

system?". Only the responses from the 12-week mark were analysed.

5.3.6 Assessment of use

A simplistic approach was employed to evaluate the utilization of the NEVERMIND system,
including the total days of use of the mobile app, shirt, or both by using log-in data. This
assessment did not take frequency or duration of use into account. Regardless of whether
a participant engaged with the components numerous times within a day or for extended
periods, such metrics were not considered in the assessment. The sole focus was on
whether they engaged with the system components. The use of the system was retrieved
for two weeks and 12 weeks. An explanation of how these were computed and used in

each of the studies is explained in the statistical analysis section below.

5.4 Statistical analyses

Three of the studies (I-Ill) primarily employed statistical methodologies. In contrast, Study
IV used qualitative analysis. Traditional null hypothesis testing (NHT) was used to analyse
data in Study | and Ill, while Study Il employed a Bayesian framework. The studies using
NHT used an alpha level of .05 to denote statistical significance, with the analyses
executed in Stata 15.1 (StataCorp LP). The Bayesian model was done in R 3.6.], while the
qualitative analysis was done in Microsoft Excel. A comprehensive overview of these
methods is presented in Table 2.
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5.41 Studyl

The sample size was based on the number of patients with breast or prostate cancer in
the NEVERMIND study who received the NEVERMIND system (n=129). However,
participants who dropped out before receiving the NEVERMIND system and those with
missing data on outcome measures were excluded, resulting in 108 participants. All
outcomes, as described in Table 2, were measured on a continuous scale, and
sociodemographic characteristics, except for age, were dichotomized. The use of the
NEVERMIND system at 12 weeks, called the usage index in Study | (143), was computed
as the total sum of days used divided by the number of days the participants were in
the study. Normality tests were used to check the normality of the outcomes. A
multivariate regression was used to examine the associations between

sociodemographic characteristics and SUS, uMARS, and usage index.

5.4.2 Studyll

This study included participants in the NEVERMIND intervention group (n=129).
Descriptive statistics were calculated for all variables, including participants’
demographic characteristics, baseline depressive and stress symptoms, acceptability
parameters, and use of the NEVERMIND system. A path analysis through Bayesian
Structural Equation Modelling (SEM) was used to investigate the relationships among
these parameters in the study. Several factors influenced the choice of employing
Bayesian SEM. Firstly, it provides more robust estimation with smaller sample sizes
compared to frequentist methodologies by facilitating the incorporation of prior
information about model parameters, hence enhancing estimate accuracy even in small
sample sizes (144, 145); it can estimate intricate models involving several parameters,
which might be overly complex for frequentist approaches like maximum likelihood,
particularly relevant when investigating the relationship among a substantial number of
variables through a path analysis (144). Thirdly, it allows for integrating prior information
from previous research on model parameters, enhancing precision in estimating their

posterior distribution (146).

Though Bayesian SEM can provide better estimates in small sample sizes, the sample
size required for SEM analysis is influenced by expected effect size, the number of
variables in the model, and the complexity of the model (147). A general guideline
suggests 10 to 20 cases for each estimated parameter. In our model (Figure 11), nine
variables were present: baseline depressive and stress symptoms, sex, educational level,
use at two weeks, perceived ease of use (PEOU) at both four and 12 weeks, perceived
usefulness (PU) at 12 weeks, use at 12 weeks (136). Given this guideline, our sample size
should range between 90 and 180. Since all users needed to have data on each of the

nine variables, our sample size was 100, within the range of the recommendation.
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Figure 11. Model of the study. PEOU: perceived ease of use; PU; perceived usefulness.

The full statistical analyses and steps taken in this study can be found in the published

article (136), but a summary of the analyses is described below.

Prior distributions for the model parameters were selected using three sources,
prioritized in the following order: (1) previous research, (2) weakly informed priors
gathered from the authors of the study, representing expert opinions, and (3) the default
prior from the Blavaan package in R, which was adjusted during the prior convergence
analysis to avoid model divergences, ensuring the model ran on prior assumptions.
Expert opinions and default priors were only used in the absence of previous empirical
findings. The prior information was then used to estimate the posterior distributions for

these parameters based on the observed data.

A literature search was conducted on August 26, 2022, on PubMed to identify effect
sizes found in previous research. The search included the words “user characteristics”
AND “usability” OR “usage” AND “eHealth.” All effect sizes were then transformed and
combined into means and standard deviation (SD) to align with the input criteria of the

Blavaan package in R.

A Bayesian structural regression was conducted by leveraging prior knowledge of the
observed data using the bsem function from the Blavaan package (148). This was
conducted in R software (version 4.2.2; 2022-10-31 ucrt) through Rstudio graphical user
interface (version 2023.03.0; Posit, PBC).

A sensitivity analysis was also conducted to understand how changes in sampling sizes
and prior distributions influenced the model's posterior parameters. To test that,
different number of adaptation samples and burn-samples, as well as prior

hyperparameters, were varied.
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5.4.3 Studylll

This study included two parts, described as follows.
Part 1. Clinical effectiveness of the NEVERMIND system

This part included participants in the control group (breast cancer, n=75 and prostate
cancer, n=51) and the intervention group (breast cancer, n= 80 and prostate cancer,
n=49). The goal was to assess the effectiveness of the NEVERMIND system in reducing
depressive and stress symptoms in the intervention group compared to corresponding

symptoms in the control group.

Because data was already collected (132), a post-hoc power test was used before
conducting the LMMs. The power analysis was conducted using the observed mean
difference between the intervention and control groups in depressive symptoms
(primary outcome for the RCT), with an alpha of 0.05 and a sample size of 225
(comprising 129 in the intervention group and 126 in the control group). The results

showed that, given the sample and effect size, the power was 96.3%.

Consequently, after the power was shown to be sufficient, two LMMs were conducted to
examine the effects of the treatment on both depression and stress, adhering to the
protocol of the RCT study (132). The analyses incorporated age, sex, cohabitation, group
(intervention and control), time, and interaction between time and group as fixed factors
at the first level. At the second level, individual variances in general depression and

stress were constructed using random intercepts and slopes for each participant.

The proportion of variance ascribed to random variables was evaluated by calculating
intraclass correlation coefficients (ICC). Additionally, to analyse the potential
multicollinearity of each predictor variable, Variance Inflation Factors (VIF) were

determined.
Part 2. Usability, acceptability, and clinical effectiveness of the NEVERMIND system

Similar to Part 1, two LMM were used to evaluate the connection between clinical
efficacy of reducing depressive and stress symptoms and several factors: age, sex,
cohabitation, corresponding usability (as measured by SUS and uMARS) and
acceptability (as assessed by PEOU and PU), and usage, all of which were incorporated
as fixed factors. At the second level, individualized random intercepts and slopes were
calculated for each participant. The usage variable was formulated by leveraging the
daily log data derived from the mobile app, as the most used component of the
NEVERMIND system was the mobile app. Due to the asymmetrical distribution of the
usage variable, a log transformation was undertaken utilizing the InskewO' in Stata. The

ICC and VIF were also calculated.

After parts 1and 2, additional analyses were done by categorizing participants into non-

active, passive, and active users based on their engagement duration throughout the 12-
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week study period. Active users were characterized as those engaging with the
NEVERMIND system for a minimum of 42 days (half the study duration), while passive
users interacted with the system between 16 and 42 days (approximately 20% to 50%
of the study period). Non-active users were identified as those who engaged with the
system for less than 16 days. This variable, 'user groups’, was then used in a multiple
regression model to predict changes in the BDI-Il and DASS-21 (stress) scores,
controlling for baseline depressive and stress symptoms, age, sex, cohabitation, SUS,
UMARS, PEOU, and PU.

5.4.4 StudylIV

The fourth and last study of the Ph.D. project covered ‘Satisfaction'and utilized cross-
sectional with a mixed-method approach, using quantitative and qualitative data.
Quantitative responses to the question 'What is your overall satisfaction with the
NEVERMIND system?’ were summarized. The second part included a thematic analysis
of the open-ended responses, using both inductive and deductive thematic analysis
based on Braun and Clarke (149).

The analyses started with the translation of responses from Italian to English using
Google Translation, with ambiguous or longer phrases translated by a native Italian
speaker and back-translated to Italian by a fluent English speaker. Following translation,
an inductive approach, using the NEVERMIND system’s components as a sensitizing
concept to guide the preliminary understanding and scrutiny of the data, was used.
Sensitizing concepts serve as a provisional starting point without being definitive,
aligning with Charmaz's views (150). During the analysis, responses were carefully read to
grasp the overall feedback and discern repetitive patterns. Using Microsoft Excel,
responses were mapped to different components, such as the mindfulness module and
physical activity. Responses were then categorized using codes related to the
sensitizing concept, after which variations within each code were explored to identify
categories and themes. Post inductive identification of the themes, the IS success
model assisted in deductive analysis, aiding in interpreting and refining themes
identified through the inductive approach. While the primary focus was on satisfaction
through the IS success framework, it should be noted that other themes beyond
satisfaction also emerged. Themes were examined within the IS success framework
regarding content quality, information quality, use, satisfaction, and net benefits. To
ensure a comprehensive analysis and reduced bias, all data, even if singularly
mentioned, were coded by two research team members. Themes were collectively
agreed upon through several consensus meetings held by two research team members.
The findings were then systematically organized, starting with a broad summary followed
by a detailed examination of specific, pertinent themes. The 21-item Standards for
Reporting Qualitative Research (SRQR) (151), a set of guidelines that comprise 21items
that represent critical aspect of qualitative research reporting to increase clarity and

transparency, was used to guide the reporting of this study.
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5.5 Ethical Considerations

The Ph.D. thesis used data derived from the NEVERMIND study trial, which included five
patient groups and focused on patients with breast and prostate cancer. The ethical
permit for conducting the trial in patients with breast and prostate cancer was received
from the Ethical Committee of Citta della Salute e della Scienza di Torino University
Hospital and Ethical Committee of San Luigi Gonzaga University Hospital, Orbassano
(Reg nr.185/2015); the main trial was registered in the German Clinical Trials Registry
(DRKS0O0013391). An additional ethical permit was granted by the Regional Ethical
Review Board of Stockholm (Reg nr. 2020-04175) for the analysis of pseudonymized

patient data at Karolinska Institutet, including all the studies in this Ph.D. project.

5.5.1 Informed consent

The patients were selected by their own medical doctors, who explained the study’s
implementation and purpose. Written documentation detailing the study was provided
to each patient for further analysis. If the patient agreed to participate in the study, an
informed consent form was signed, and an alphanumeric code was assigned to that

patient, under which all their documentation and data were catalogued.

5.56.2 Addressing participant inactivity and ensuring additional mental health
support

Furthermore, during the NEVERMIND trial, if a patient remained inactive (not using the

system) for seven consecutive days, the treatment team was notified to determine the

cause of inactivity. If the inactivity stemmed from difficulties in managing their

depressive symptoms, users were referred to further psychiatric treatment.

5.56.3 Ensuring participant anonymity in small sample sizes

We received pseudonymized patient data with codes and no names, ensuring patient
privacy and confidentiality. Particular attention was dedicated during the translation
phase in Study IV to ensure the accuracy and culturally sensitive representation of

patients’ expressions and experiences while maintaining ethical standards.

However, working with small sample sizes, especially those with unique characteristics
(such as breast and prostate cancers and demographics), poses ethical challenges.
Individuals are at risk of being identifiable even with pseudonymized data. This type of
challenge has been noted more frequently in qualitative research (152) but also occurs
in quantitative studies (153). This potential for re-identification raises significant ethical
concerns regarding privacy and confidentiality, compromising the anonymity of
participants and exposing them to potential social and psychological consequences.
Therefore, in addition to following ethical guidelines, precautions in this Ph.D. thesis
included using only aggregated data in studies, limiting data accessibility. For example,
In Study lll, only specific study data, as mandated by the journal, were uploaded to a
data depository (DOI link: https://doi.org/10.48723/21y0-2g17). Moreover, the data for
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Study Il was uploaded employing randomly generated numbers as code for patients.
When choosing quotes in Study IV, only those devoid of any deductive identification

potential were selected, as those are better suited for anonymity (152).

6 Results

This section presents the principal findings of this Ph.D. thesis. For an in-depth
exploration and additional details, please refer to the published papers and manuscripts
incorporated within the thesis.

6.1 Characteristics of the study population

At baseline, the study population of the NEVERMIND trial comprised patients with breast
and prostate cancer, totalling 255 participants. A total of 129 participants were allocated
to the NEVERMIND intervention group on top of the treatment as usual, with an average
age of 59.5 years (x 9.4), 80 (62.02%) patients with breast cancer and 49 (37.98%)
patients with prostate cancer (Table 3).

Table 3. Baseline Sociodemographic and Clinical characteristics of cancer patient
samples from the NEVERMIND study.

Intervention Control
Total population (n) 129 126
Sociodemographic characteristics
Mean age (SD) 5953 (9:37) 58-:38 (9:70)
Cohabitation (%) - -
Alone 19 (14-73) 25 (19-84)
With someone 110 (85-27) 101(80-16)
Education (%) . .
Low 27 (20-93) 29 (23-:02)
High 102 (79-07) 97 (76-98)
Marital status (%) . .
Single 37(28:68) 37(29:37)
In a partnership 92 (7132) 89 (70:63)
Employment (%) . .
Unemployed 70 (54-26) 65 (5159)
Employed 59 (45-74) 61(48-41)
Clinical characteristics
Cancer Diagnosis (%) - -
Breast Cancer 80 (62:02) 75 (59-52)
Prostate Cancer 49 (37-98) 51(40-48)
BDI-II? score (SD) 12:51(8:84) 13:08 (7-50)
BDI-Il Score (%) - -
Minimal depressive symptoms* 85 (65-89) 75 (59:52)
Depressive symptoms** 44 (341) 51(40-48)
DASS-21° score (SD) 12 -93 (9:37) 14 -33 (8-47)

2BDI-II: Beck Depression Inventory-lI|

®DASS-21 score: Depression Anxiety Stress Scale-21
*BDI-Il score<13

**BDI-Il score>14

44



A majority of the participants had attained at least a college-level education (n=102,
79.07%), lived with someone (n=110, 85.27%), and were unemployed (n=70, 54.26%). The
control group comprised a total of 126 participants, with an average age of 58.4 (x 9.7),
with 75 (59.52%) patients with breast cancer and 51(40.48) patients with prostate
cancer (Table 3).

Similar to the intervention group, the majority of participants had at least a college-level
education (n=97, 76.98%), lived with someone (n=101, 80.16%), and were unemployed
(n=65, 51.59%). Baseline sociodemographic and clinical characteristics are shown in
Table 3. Specific exclusion criteria were applied to each study; therefore, the sample size

for each study was different.

6.2 Sociodemographic characteristics, usability, and use of the
NEVERMIND system (Study I)

The sample for this study included 129 patients initially allocated to the NEVERMIND
system, among whom 108 (83.7%) completed the study and 21(16.3%) withdrew post-
baseline assessment. The mean age (SD) of the patients who completed the study was

58.6 (+ 9.3) years, and the majority were women (n=68, 63%).

No significant baseline differences were observed between those who completed the
study and those who dropped out before receiving the NEVERMIND system. Most
completers cohabited (n=93, 86.1%), were highly educated (n=87, 80.6%), and had
partners (n=78, 72.2%). The average usage duration of the NEVERMIND system was
approximately six weeks, less than the recommended 12 weeks, with only 12 patients
adhering to the advised period.

In terms of usability, SUS scores at the final time point, represented by a mean of 73.4 (=
12.5), were higher than the interim scores of 70.9 (x12.3) (Table 4), and both scores were
normally distributed.

Table 4. Descriptive statistics for usability and acceptability metrics at multiple time

points.

Variable Mean (SD) Median (range)
SUS? at 4 weeks 70.9(12.3) 73.8(37.5-97.5)
SUS at 12 weeks 73.4(12.5) 75 (40-97.5)
UMARSP at 12 weeks 3.8(0.3) 3.9(31-47)
PEOU* at 4 weeks 32.6 (420) 33(20-43)
PEOU at 12 weeks 32.6 (443) 33(19-45)
PU9 at 12 weeks 37.2(6.09) 38(20-50)
Use at 12 weeks (days) 453 42 (2-100)

(28.14)

aSUS: System Usability Scale

PUMARS: the User version of the Mobile Application Rating
Scale

°PEOU: Perceived Ease of Use

d4PU: Perceived Usefulness

45



No sociodemographic characteristics showed a significant association with SUS scores
at either four weeks or final time point (12 weeks). Regarding the uUMARS score at 12
weeks, the global score was 3.8 (+0.3), which is above the average score of the UMARS
scale (3.0). The subscales for engagement, functionality, aesthetics, and information
scored 3.5, 3.9, 3.6, and 4.2, respectively. The mean uMARS score was higher in women
than in men. The only significant association found in sociodemographic characteristics
was between gender and the uMARS score, particularly the engagement subscale, where
women exhibited higher scores with a UMARS mean score of 3.9 (x0.3) compared to
men (3.7 £ 0.3).

Usage data was available for 99.1% (107/108) of patients, with the mean usage index
being 0.48 (range between O and 1). However, the data distribution was skewed,
according to the Skewness and Kurtosis tests (P<0.001). The data distribution had a
subset of patients having significantly higher usage indices that increased the overall
mean. However, using non-parametric regression to accommodate the non-normality of
the data yielded similar results to using parametric regression. The only significant
sociodemographic association found with system use was gender, with women showing

lower system usage than men.

The comprehensive results, including significant associations and variations in usability
scores, are further elaborated in the published article (143). Table 4 above shows the

values of all usability and acceptability questionnaires used in this Study and Study |I.

6.3 Baseline mental health symptoms and usability, use, and
acceptability of the NEVERMIND system (Study II)

This study included 100 participants, primarily women (66%) and highly educated
individuals (81%). The system usage was, on average, 5.52 days in the initial two weeks
and 45.3 days after 12 weeks. The participants rated the system highly regarding PEOU
and PU.

Table 5. Descriptive statistics of variables in the structural equation modelling Bayesian
path analysis model (N=100).

Variable Mean (SD) Median (range)
Depression (BDI-II?) 12.23(9.20) 10 (0-43)
Stress (DASS-21b) 13.64 (9.56) 14 (0-38)

Use at 2 weeks (days)  5.52 (4.14) 6 (0-14)

PEOUC at 4 weeks 325 (4.22) 33(20-43)
PEOU at 12 weeks 32.7(4.33) 33 (24-45)

PU at 12 weeks 37.1(5.86) 38 (20-50)

Use at 12 weeks (days) 45.3(2814) 42 (2-100)
2BDI-II: Beck Depression Inventory-lI
®DASS-21: Depression Anxiety Stress Scale-21
°PEOU: Perceived Ease of Use
4PU: Perceived Usefulness
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A literature review informed the priors for the Bayesian SEM, with 12 articles fully
screened and ten contributing to the study. The full list of included articles and the
priors chosen can be found in the published article (136). The prior model underwent
several modifications and assessments, leading to acceptable convergence indices and

adequate sample sizes.

Figure 12 illustrates that four regression paths, highlighted in bold, exhibit more distinct
associations. The credibility intervals of the highest posterior density, marked by an
asterisk, maintain a consistent direction, either positive or negative, thereby not
intersecting with zero. From these regression analyses, two primary paths were
identified as predictors of the use of the NEVERMIND system at 12 weeks. The initial path
stemming from PEOU at four weeks (Breou at 12 weeks was predicted by PEOU at 4
weeks = .589), progressing through PU at 12 weeks (Bpu at 12 weeks is predicted by PEOU
at 12 weeks = .581), culminating in system usage at 12 weeks (Bus at 12 weeks was
predicted by PU at 12 weeks = .384). The secondary path highlights the relationship
between system usage at 2 weeks and its subsequent use at 12 weeks (Buse at 12 weeks

was predicted by use at 2 weeks =.239).

.239°
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—.081
Use of . Use of
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Figure 12. The Bayesian structural regression model results showing standardized
regression coefficients () for all paths. Abbreviation: BDI-Il: Beck Depression Inventory—
II; DASS-21: Depression, Anxiety, and Stress Scale—21; PEOU: perceived ease of use; PU:

perceived usefulness.

In terms of variance accounted by the model, the variable PEOU at 12 weeks was the
most explain variance (r?>=0.358), closely followed by PU at 12 weeks (r>=0.338). The
variables for use at 2 weeks, PEOU at 4 weeks, and use at 12 weeks had a variance value
of 0.010, 0.012, and 0.166, respectively. Consequently, the model effectively captures
some variations, especially at 12 weeks, but it is less adept at explaining use and PEOU at

2 and 4 weeks, respectively.

Sensitivity analysis of prior settings revealed some variations in point estimates and

distributional ranges, yet these did not significantly affect the directionality of the
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regression coefficients. The model fit indices depicted a reasonable fit, although their

interpretative values warrant caution.

6.4 NEVERMIND system’s clinical effectiveness, usability, use, and
acceptability (Study III)

A total of 129 patients (80 breast and 49 prostate cancer patients) assigned to the
NEVERMIND intervention group, and 126 (75 breast and 51 prostate cancer patients) to
the control group were included in this study. Baseline characteristics, including
sociodemographic information and clinical features, showed no significant differences
between the intervention and control groups (p>0.05). At baseline, participants in the
intervention and control groups exhibited minimal depressive symptoms, with mean
BDI-II scores of 12.51 (+8.84) and 13.08 (+7.50), respectively. Baseline sociodemographic
and clinical characteristics are shown above in Table 3, and usability and acceptability

are shown above in Table 4.

6.4.1 Clinical effectiveness

The LMM revealed that, at 12 weeks, the NEVERMIND group experienced a significant
reduction in depressive symptoms compared to the control group (B=-3.32; 95% CI -
5.24 to -1.39; p=0.001), while differences in stress symptoms were not significant. In
both models, the "Female” fixed effect significantly impacted the results (p<0.001),
revealing that, all other factors being equal, females exhibited higher BDI-Il depression
scores and DASS-21 stress scores. Females had BDI-Il scores 6.54 points higher (B=6.54;
95% Cl 4.50 to 8.58, p<0.001) and DASS-21 Stress scores 6.77 points higher (B=6.77; 95%
Cl 4.56 to 8.98, p<0.001) than their male counterparts. In the NEVERMIND group, males
showed a reduction in mean BDI-Il scores from 7.88 (SD 5.53) at the beginning to 5.4
(SD 6.87) at 12 weeks. Females in the same group also saw a decrease in mean
depression scores from 15.35 (£9.31) to 9.67 (+8.58) over the same period. Conversely,
in the control group, while males experienced a minor reduction in mean depression
scores from 9.00 (+4.98) to 7.82 (+5.34) by the 12th week, females observed only a
slight decrease from 15.85 (+7.68) to 15.24 (+9.35). The overall variance in depression
and stress symptoms at 12 weeks was explained by 54% and 56% of random variations

within the participant groups, respectively.

6.4.2 The association between usability, use, acceptability, and clinical
effectiveness

At 12 weeks, the mean PEOU was 32.6 (+4.44), and the mean PU was 37.16 (+6.09). No

significant associations were found between the SUS scores, uMARS, PEOU, PU, and use

of the system as a continuous variable and changes in depressive or stress symptoms.

The following figure (Figure 13) shows the extent to which users agreed with each item of

the PU.
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NEVERMIND gives me more control over my
health status
NEVERMIND concept easily fits in my
everyday life

NEVERMIND system helps professionals to
better assess my health status

NEVERMIND system improved the control

over my health status

NEVERMIND improved my lifestyle

NEVERMIND improved my emotional
wellbeing

NEVERMIND is a tool to improve self-
management

| am satisfied with the NEVERMIND system

| learned to use it quickly

| would like to have the NEVERMIND
application in my personal mobile phone

m Strongly Agree Agree Neutral mDisagree m Strongly Disagree

Figure 13. Patients’ perceived usefulness of the NEVERMIND system at 12 weeks.

Figure 14 demonstrates the degree to which users found each item on PEOU easy. Most
users expressed agreement or strong agreement regarding the usefulness of the
NEVERMIND system across various aspects, with the most prominent consensus

surrounding the ease with which they learned to use the system (Figure 14).

Answering the daily questionnaire

Using the sensory during the night

Listening to the audio sleep preparation

Performing mindfulness without sensor

Performing mindfulness with the sensor

Reading educational content about lifestyle

Reporting and managing my diet goals

Reporting and managing my physical activity
goals

Recording my voice

H Very Easy Easy Neutral m Difficult m Very Difficult
Figure 14. Patients’ perceived ease of use of the functions of the NEVERMIND system at
12 weeks.

Users generally found it simpler to respond to the daily questionnaires and to utilize the
sensory shirt during the night (Figure 14). However, voice recording, and the reporting



and management of physical activity goals were identified as the less user-friendly
functionalities, with 36 users (34%) and 14 users (13%), respectively, rating them as
difficult or very difficult (Figure 14). Interestingly, while no users reported difficulties
conducting mindfulness practices without the shirt, five users experienced challenges

when performing the practices with the shirt on.

6.4.3 User groups as predictors of clinical effectiveness

The observed trajectory of system use showed that only 13% (14/108) of the participants
used the system on the first day. The use of the system was lowest during the first three
days of the study. The mindfulness, physical activity, and sleep modules of the mobile
app were the most frequently accessed. By the third week, around 80% of participants
engaged in the mindfulness module, yet the system usage saw a decline starting on the

62nd day, after approximately nine weeks of usage.

The variable 'Use of system' was used as continuous in previous analyses in Study I-lll, so
to explore a potential non-linear association between the use of the system and the
change in depressive and stress symptoms from baseline to 12 weeks, the variable was
trichotomized, as described in the methods section. The user categories, non-active
(n=38/108), passive (n=37/108), and active users (n=33/108) had nearly equal
distribution. Notably, this categorization only considered the overall usage over the 12
weeks, not consistent use. However, there was a strong correlation (p<0.001) between
weekly system usage and the usage category. For example, in week 9, 67% (n=22/33) of
those classified as active users accessed the system at least three times, and all used it
in week 8. Furthermore, there was also a gender difference (p=0.035) in using the
system. While 45% of female users (n=30/68) were in the non-active category, only 20%

of male users (8/40) were grouped as such.

Interestingly, the active user group showed a more significant decrease in BDI-Il scores
than the non-active group (B=-3.90; 95% Cl -7.46 to -0.34, p=0.032) (Table 6). However,
there was no significant difference in BDI-Il scores between passive and non-active
users. In contrast, a marked difference was identified in the change in stress symptoms
between passive and non-active users (B= -4.57; 95% CI -7.71 to -1.44, p=0.005), and
between active and non-active users (B= -5.81; 95% ClI -9.27 to -2.35, p=0.001) (Table
6).
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Table 6. Multiple regression of user groups as a predictor variable for change in score of
BDI-Il and DASS-21 (stress) score (N=104).

Change on BDI-Il score® Change on DASS-21score®

Predictors B 95% ClI p B SE p
Baseline BDI-II -049 -065t0-0.33 <0.001* N/A
Baseline DASS-21° N/A -047  -0.62t0-0.34 <0.0071*
SUS°® at 12 weeks 0.03 -OMto -.18 0.636 0.06 -0.08 to 0.21 0.364
UMARS® at 12 weeks -166 -6.95 t0 3.63 0.536  -2.33 -7.47 to 2.81 0.371
PEOU® at 12-weeks -0.31 -0.70 to 0.08 o4 -022 -0.60t0 0.16 0.245
PUf at 12-weeks -0.30 0.36 to 0.31 0.866 -0.02 -0.35t0 0.31 0.899
12 weeks usage

Non-active users Ref Ref

Passive users -2.05 -5.26 to 117 0.210 -4.57 -7.71to -1.44 0.005*

Active users -3.90 -746t0-0.34  0.032* -5.81 -9.27 t0 -2.35 0.001*
Living with someone 3.10 -0.73 to0 6.94 onz 2.06 -1.67 to 5.79 0.276
Age -0.14 -0.30 to 0.02 0.082 -024 -0.39to-0.08 0.003*
Female -0.69 -409 to 2.72 0.691 116 -204t04.36 0.472

2BDI-II: Beck Depression Inventory Scale-ll

PDASS-21: Depression Anxiety Stress Scale-21; only the stress subscale of the DASS-21 was used

¢SUS: System Usability Scale

dUMARS: the User version of the Mobile Application Rating Scale

*PEOU: Perceived Ease of Use

fPU: Perceived Usefulness

*significant at p<0.05.
When users were categorized into non-active, passive, or active groups, the gender
difference in depressive symptoms becomes statistically insignificant (B=-0.69; 95% Cl:
-4.09 to 2.72, p=0.691). Older age was also found to be significantly associated with

reduced stress symptoms (B=-0.24; 95% CI: -0.39 to - 0.08, p=0.003) (Table 6).

6.5 Satisfaction of the NEVERMIND system (Study IV)

The one-item satisfaction question, at four weeks, revealed that 68.24% (n=72/104) of
participants deemed the system as good or excellent; in contrast, 30.76% (n=32/104)
found it acceptable or poor. A similar trend was observed at 12 weeks, with 65.42%
(n=70/107) rating the system as good or excellent, and 34.58% (n=39/107) rated it as

acceptable or poor.

Through thematic analysis, three themes and nine categories were identified, illustrating
the specific elements of the user experience that contribute to patient satisfaction or
dissatisfaction with the NEVERMIND system, as shown in Table 7.
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system.

Table 7. Identified themes and categories from user experiences on the NEVERMIND

Themes

Categories

Fostering personal agency and
motivation: Satisfaction rooted in
holistic well-being and supportive
connection

(A) Impact on emotional and physical
well-being

(B) System interaction and relatability
(C) Lifestyle integration and practicality

Engagement and interaction
experiences: Balancing user-friendly
interfaces with technical and comfort
challenges

(D) System functionality and user-
friendliness

(E) Personalization and interaction

preferences

(F) Procedure efficiency and timing

Content quality and relevance: Seeking
greater content diversity and relevance
to cancer diagnosis

(G) Clarity of system purpose and
instructions
(H) Quality and variety of content

(I) System flexibility and customization

Theme 1: Fostering personal agency and motivation: Satisfaction rooted in holistic

well-being and supportive connection

Users acknowledged the NEVERMIND system for its significant contribution to overall
emotional and physical well-being (category A). They underscored the relevance of the
physical activity module, nutritional guidelines, and methods for fostering holistic health.
Users pointed out that sleep hygiene helped improve their sleeping habits and patterns,
where they noticed a change in their nightly routines and the positive impact it had on

their overall well-being. Representative quotes include the following:

e A bit of everything but especially the advice on sleep and depression.” (Breast
cancer patient)

¢ “Mindfulness practices have helped me manage moments of anxiety through
breathing. At work, when | am agitated, | stop for a moment and breath

consciously” (Prostate cancer patient)

A sense of connectivity with oneself, others, and nature was enhanced (category B).
However, challenges in recording personal feelings and integrating the system into daily

routines have been identified (category B). Representative quotes include the following:

e “.it teaches us the need to appropriate some time, our time, to dedicate it to

ourselves..” (Prostate cancer patient)
e “I'had a hard time reconciling it with my daily life.” (Breast cancer patient)

The first theme highlights that users had a positive experience, which was useful even
when the system was used only for a few minutes. The practices made them more
aware of their environment and gave moments for themselves to connect with their
bodies and emotions fostering personal agency and motivation alongside providing

holistic well-being and supportive connections.
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Theme 2: Engagement and interaction experiences: Balancing user-friendly

interfaces with technical and comfort challenges

Users found that the tailored modules and interactions were user-friendly, facilitated by
the visual presentations and graphical view of gathered patterns of their use (category
D). Nonetheless, some users faced navigation challenges and technical issues that
impacted engagement levels. Users expressed that the mobile app had technical issues,
particularly with the audio quality, weekly crashes, and freezes. Users mentioned that
these negative experiences impacted their engagement, desire to continue, and
decreased their overall satisfaction. Similarly, users also found the shirt to be
uncomfortable and the procedure to set it up too long (category F). Users also voiced
concerns about the system not being personalized or tailored to their individual needs
and capacities (category E). Highlighted quotes are:

« “|find the presence of sleep, heart rate, and breathing graphs very useful...”

(Prostate cancer patient)
e “The application is not very streamlined and intuitive.” (Breast cancer patient)

e “Sensors too large Skin discomfort, it was not possible to sleep on your stomach.”

(Breast cancer patient)

This theme underscores the balance between creating user-friendly interfaces to
enhance engagement and interaction experiences, while also addressing technical,

interface, and comfort challenges that may hinder user satisfaction.

Theme 3: Content quality and relevance: Seeking greater content diversity and

relevance to cancer diagnosis

Although users appreciated the recommendations on dietary habits, highlighting the
recipes and the clarity of the nutritional recommendations, users expressed a desire for
clearer explanations (category G). While some felt that certain contents, such as
physical exercises and recipes, were too complicated to follow, others found the
practices repetitive (category H). Feedback also highlighted the need for physical
activities that resonated more with individual capabilities and a greater variety within

each practice (category I). The selected quotes include the following:

e “The nutrition part and all the advice in this regard, furthermore, the practices

were also very followed and appreciated.” (Breast cancer patient)

e "I struggled to find a connection between the various functions of the
application. | would have liked to have had an instruction manual supplied,

explaining the various functions and their integration.” (Breast cancer patient)

¢ “The physical activity was only on breathing, and it should be expanded.” (Breast

cancer patient)
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The final theme encapsulates a focus on improving the quality and breadth of content
provided to users diagnosed with breast and prostate cancer, ensuring that it is both
diverse and relevant to their needs and experiences. Quality relates to the reliability and
relatedness of the content. It highlights the value of an explanation or instruction of how

the content and functionalities of the NEVERMIND system are related to one another.

There was also a difference between what women (breast cancer patients) users
focused on compared to men. Women highlighted that tailored modules and
interactions made them feel cared for, supported, and less alone. The system'’s ability to
resonate with their needs fostered a sense of connection and care, making them feel as
if 'someone’ was there for them. Men (prostate cancer patients) were satisfied with the
NEVERMIND system as it helped increase their self-awareness and introspection.

Selected quotes are shown below.

¢ “lliked the meditations with the male guide because they calmed me down. Like
there was someone nearby to help me and | felt more protected.” (Breast cancer
patient)

e “the system is very helpful to people in a state of anxiety, especially cancer
patients. it is a seed that is placed within us to be cultivated possibly every day.
it teaches us the need to appropriate some time, our time, to dedicate it to
ourselves, for a meditation break, to feel part of the natural world of which we are

part.” (Prostate cancer patient)

7 Discussion

7.1 Main findings

This thesis explored the usability, acceptability, and satisfaction of the NEVERMIND
system among patients with breast and prostate cancer. The findings unfolded crucial

insights regarding these dimensions and the factors that influence them.

This section provides a summary of the findings of each study, followed by a critical
reflection on the findings, while also considering the theoretical and practical
implications, methodological considerations and limitations, and possibilities for future
research.

Study | examined the association between sociodemographic characteristics and the
usability and use of the NEVERMIND system in 108 patients with breast and prostate
cancer using measurements at four and 12 weeks. The system demonstrated good
usability, but the mobile app was rated higher by females (breast cancer patients), while

males (prostate cancer patients) had used the system more.

Study Il investigated the relationship between different patients’ characteristics,

usability, and acceptability, through path analysis using Bayesian SEM in 100 patients
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with breast and prostate cancer and found critical drivers for using the NEVERMIND
system. Higher perceived usefulness and initial usage were associated with increased
use at the 12-week mark. There was also a lack of explanation power that indicates a

need for a more in-depth analysis of usage predictors.

Study Il evaluated the relationship between the usability, acceptability, and clinical
effectiveness of the NEVERMIND system in reducing depressive and stress symptoms in
patients with breast and prostate cancer. Patients using the NEVERMIND system
experienced a significant reduction in depressive symptoms, compared to the control
group, at the 12-week follow-up. A key finding was that engaging with the system for
over six weeks (active group) correlated with a significant decrease in both depressive
and stress symptoms. Another finding was that females were predominately in the non-

active group (using the system for less than two weeks).

Study IV focused on user satisfaction in 107 patients with breast and prostate cancer
using a quantitative question and an abductive thematic analysis interpreted within the
Information Systems (IS) success model. The results indicated that 65% of users were
satisfied with the NEVERMIND system. Thematic analysis identified three themes for
user satisfaction, highlighting the importance of fostering personal agency and
motivation, ensuring interactive experiences, and maintaining high content quality and
relevance. Gender-varied needs, particularly emotional support for female users, and
self-awareness and introspection for male users, emphasize the importance of a user-

centric approach for further user experience optimization.

7.2 Clinical effectiveness of the NEVERMIND system

For patients with breast and prostate cancer, the psychological burden is particularly
salient. The emotional toll of a cancer diagnosis, coupled with the physical and
psychological side effects of cancer treatment, can lead to a high prevalence of

depressive symptoms in these patient populations (26, 27).

In a systematic review and meta-analysis conducted by Watts et al, the prevalence
rates of depression in prostate cancer patients ranged between 14% and 23%, where the
post-treatment depression prevalence was highest at 18.44% (154). This study by Watt
et al. was based on 4,494 patients (154). Expanding on this, Brunckhorst et al,, in a
systematic review and meta-analysis, analysed data from 32,339 patients in 76 studies
(155). Their findings indicated that 17.07% of these patients showed depressive
symptoms (155). Additionally, 16.86% of 24,526 patients displayed significant anxiety
symptoms (155). Two systematic reviews and meta-analyses, one covering 71 studies
and the other 72, reported global depression rates among breast cancer patients. The
2019 study (156) found a rate of 32.2%, while the 2023 study reported 30.2% (28).

Within the context of the NEVERMIND study, out of 255 participants from both the
intervention and control groups, 160 (62.74%) had a BDI-Il below 13. Meanwhile, 48
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(18.82%) exhibited mild depressive symptoms (with scores of 214 on the BDI-II), 32
(12.55%) had moderate symptoms (with scores ranging from 20-28 on the BDI-II), and 15
(5.88%) presented with severe depressive symptoms (with scores between 29-63 on
the BDI-II) at baseline. Within the intervention group specifically, 44 patients (34.11%) had
a BDI-Il score of above 14, indicating at least mild depressive symptoms.

Thus, most patients did not show significant depressive symptoms at baseline. However,
a significant portion did exhibit varying levels of depressive symptoms, from mild to
severe. Direct comparison of the rates of depressive symptoms in the NEVERMIND
study with the rates observed in the systematic reviews is challenging since the scales
and the categorization used in the different studies are different from those in the
NEVERMIND study.

In Study lll, our findings indicated a statistically significant reduction in depressive
symptoms among patients who used the NEVERMIND system for 12 weeks compared to
the control group (B=-3.32; 95% Cl -5.24 to -1.39, p=0-001). This finding aligns with
previous studies evaluating the efficacy of similar DHTs (81, 82). However, comparing the
NEVERMIND system with similar interventions presents a challenge owing to its multi-
component nature, which contrasts with most alternatives that typically focus on a
singular intervention aspect. This issue is further echoed in systematic reviews
assessing the effectiveness of DHTs (80). In addition, looking at the clinical effectiveness
within underlying phenomena such as the digital placebo (157) effect can offer
additional insights. The digital placebo effect, introduced by Torous and Firth, is
described as the "placebo-like outcomes observed in mobile health solutions like
smartphone applications” (157).

This digital placebo effect mirrors the placebo response observed in antidepressant
drugs. Central to both is the influence of the user’s or patient’s expectations and
perceptions (157). While the placebo effect in antidepressant treatments is thoroughly
researched and understood, the digital placebo effect remains relatively under
researched with unclear mechanisms (157). Investigating the mechanisms of a digital
placebo effect can help determine to what extent the observed efficacy of the DHT is
attributed to its treatment components, usability, acceptability, and satisfaction.
However, the methodology employed in this thesis does not provide definitive proof of a
digital placebo effect. Establishing the existence of digital placebo effects requires a

rigorous research design incorporating active (intervention) and placebo DHTs (158).

Given the above challenges, it is crucial to contextualize the clinical effectiveness of the
NEVERMIND system by considering:

(1) the specific characteristics of the participants included in the study
(2) the comprehensive content encompassed within the NEVERMIND system

(3) the dynamics of user engagement.
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Characteristics of the participants included in the study

Variables such as the stage of cancer (159), time since diagnosis (160), and survivorship
prediction (161, 162) are pivotal when tailoring DHTSs, given their profound impact on
patient experience and specific needs. Disparities exist, not only in the prevalence of
depressive and stress disorders across different sub-groups (24, 25, 163), but also in the
varied needs within these groups. In a systematic review and meta-analysis, Nead et al.
explored the relationship between adjuvant androgen deprivation therapy (ADT) and
depression in prostate cancer treatment (164). Analysing 18 studies with 168,756
participants, they found that individuals on ADT had a 41% increased risk of depression
(164), a result also corroborated in other studies (165, 166). In this Ph.D. project, we
included individuals diagnosed with advanced stage IV prostate cancer who had
completed all treatments, except for ADT, and those with advanced stage Il or IV breast
cancer who had completed all treatments, except for hormonal or trastuzumab therapy.
Furthermore, the received treatments for the included individuals had to have been

completed at least one month prior to the start of the trial.

Thus, our study population encapsulates individuals in an advanced disease stage who
have undergone recommended treatments, such as radiation and surgery, and are
currently on hormonal therapy and targeted monoclonal antibody. It is, therefore,
imperative to interpret the efficacy of the NEVERMIND system within this specific
patient demographic context. For example, Oncokompas, a web-based eHealth app that
supports cancer survivors in self-management by enabling them to self-monitor their
quality of life and specific symptoms, has shown effectiveness in increasing health-
related quality of life among survivors of breast and other cancers (167). However, no
significant difference was identified among patients with the same cancer type at the
incurable stage (161).

The comprehensive content of the NEVERMIND system

The various components and functionalities included in the NEVERMIND system should
be commended as to why the NEVERMIND system was effective in reducing depressive
symptoms. A scoping review of digital health interventions by Lee et al. (168) revealed
that a substantial portion of interventions in cancer patients (47/231, 20.3%), similar to
the diverse content within the NEVERMIND system, included multiple functional
components. However, the NEVERMIND system not only leveraged various functions,
including educational content about cancer diagnosis but offered different levels of
self-management strategies. The tangible benefit of the NEVERMIND system was further
substantiated by patients’ descriptions of concrete practices and functionalities

deemed most beneficial in Study IV.

Behavioural lifestyle changes play a pivotal role in enhancing the mental health of cancer
patients. Among these changes, physical activity, mindfulness, sleep, and diet stand out

as particularly effective methods to improve mental well-being in patients with cancer.

57



High rates of sleep disturbances, especially insomnia, have been observed in cancer
patients, with breast cancer patients showing a high prevalence (169). While such
disturbances are often most prominent at diagnosis (169, 170), they can persist for years
after cancer treatment concludes (171). A meta-analysis reported disturbances in 59.7%
of breast cancer cases and 44.8% of prostate cancer patients (172). Given the evident
association between sleep quality and mental health (173) and its role in potentially
reducing depression in breast cancer patients (174), incorporating sleep hygiene, as

seen in the NEVERMIND system, becomes imperative.

Physical activity can significantly alleviate depressive symptoms in different population
(175), including those with cancer (176). Research has demonstrated that moderate
exercise lasting up to 12 weeks can lead to substantial reductions in depressive
symptoms among cancer patients and survivors (177), especially in supervised exercises
and in those aged 47-62 (176). Tailored physical activity modules, similar to those in the

NEVERMIND system, can provide essential support for depression management (178).

Mindfulness practices, emphasizing focused attention on the present moment and
acceptance without judgment, also offer profound benefits. These practices, ranging
from breathing techniques to yoga, can significantly help manage depressive or stress
symptoms in cancer patients (179-181). A systematic review and meta-analysis by
Oberoi et al. (182) indicated that mindfulness interventions, when compared to non-
active control groups, effectively reduced depression in adult cancer patients for up to
six months following the intervention. Similarly, in our study, patients not only utilized
mindfulness practices but also extended these practices beyond the confines of the

NEVERMIND system, articulating the alleviation of stress through physical exercise.

Finally, dietary habits play a vital role in cancer patients’ mental health. A balanced diet
has been linked with reduced depression risks in these patients (183). Coupling a healthy
diet with good mental health can further reduce mortality rates among cancer survivors
(184).

Empowering patients by providing tools to navigate their environment stands out as a
pivotal route to achieving mental health well-being, as highlighted by Elkefi et al. (185).
Although our study did not evaluate secondary outcomes, such as self-efficacy or
perceived stigma, insights from Study IV offer valuable perspectives on which strategies
are advantageous and how patients derive benefits from them. Responses to open-
ended questions in Study IV illustrated that the NEVERMIND system fostered
acceptance and motivation and potentially reshaping their perceptions of their cancer
diagnosis while diminishing self-stigma. Moreover, one of the themes that emerged in
Study IV was that the NEVERMIND system empowered them with personal agency,
enhancing their competency and autonomy in managing depressive symptoms. Study
IV offers valuable insights that challenge the notion of a digital placebo effect (157) in the
context of the NEVERMIND system. The feedback from users, detailing specific and
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tangible benefits, moves beyond user’s expectations and beliefs often associated with
placebo effects (157). For instance, users noted that the mindfulness practices helped
them gain self-awareness, allowing them to connect with their bodies and emotions.
Similarly, the positive outcomes from the breathing exercises in managing stress were
actual results that users’ experienced. Such direct feedback and tangible outcomes, in
addition to the observed reduced depressive symptoms in users who used the
NEVERMIND system, emphasize that the benefits derived from the NEVERMIND system
are rooted in its components and functionalities rather than the results of users’

expectations.

In essence, the NEVERMIND system combined physical activity, sleep, mindfulness, and
diet modules into one cohesive approach to reducing depressive symptoms in patients
with breast and prostate cancer. However, the lack of significant treatment effect on
stress symptoms (B=-1.38; 95% Cl:-3.04 to 0.28, p= 0.103) could be attributed to the
theory that stress symptoms are more trait-dependent than depressive symptoms
(186). It can be stipulated that more intensive and distinct interventions than those

provided in the NEVERMIND system are needed to reduce stress symptoms.
Dynamics of user engagement

Finally, usage patterns and their potential impact on depressive and stress symptoms
showed interesting findings. Only 13% of participants engaged on the first day, and the
lowest usage was observed in the initial three days, hinting at potential barriers during
early engagement with the NEVERMIND system. At the third week, 80% of users were
using the system, particularly the mindfulness module, but usage dropped around the
9th week. Similar trends were observed in the study by Enrique et al. where the
engagement of participants in an internet cognitive behavioural therapy (iCBT)
intervention for depressive symptoms began to decrease at week five (187). In addition,
adherence was a crucial factor in the NEVERMIND study. When users showed
consecutive days of inactivity, they were contacted on the third and again on the
seventh day of inactivity. Should inactivity stem from depression or other mental health

issues, users were redirected to a mental health care team.

Eysenbach sheds light on the importance of adherence, especially within eHealth
interventions of DHTs (188). Eysenbach defines adherence as "the extent to which
participants use and engage with the eHealth application as intended," asserting its
importance for several reasons (188). Optimal health benefits from a DHT can only be
realized when participants adhere to the intervention, ensuring they receive its full
intended outcome. In the case of the NEVERMIND system, the non-predictive nature of
a continuous 12-week usage variable on depressive or stress symptoms provided vital
insights into the non-linear relationship between the system'’s use and its clinical
effectiveness. Our findings in Study lll showed that those who adhered to or used the

NEVERMIND system for six weeks or more had significantly lower depressive (B=-3.90;
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95% Cl -7.46 to -0.34, p=0.032) and stress (B=-5.81; 95% Cl -9.27 to -2.35, p=0.001)
symptoms compared to those who only used in for two weeks or less. Edney et al.
looked at user engagement in an app-based physical activity in 301 users, where users
were randomized to receive a gamified, or basic, version of the app to improve physical
health for 100 days (189). They found that users who engaged more with the app,
whether the gamified or basic version, saw a statistically significant increase in their
objective measure of physical activity compared to those who engaged less, where their
physical activity decreased from baseline (189). The measure of user engagement in the
study by Edney et al. (189), similar to how user engagement was measured in the studies
of this Ph.D., did not account for personal variation. A review article by Torous et al. (190)
captures the challenges of user engagement and dynamics in DHTs within mental health
by reviewing a study by Chien et al. (191) and relating it to other user engagement issues

cited in the literature.

In the study by Chien et al, data on 54,604 patients who were part of a clinician-
supported iCBT program, targeting depression and anxiety, were used to create
different patient groups using a probabilistic latent variable modelling using machine
learning (191). Based on log data, patients were classified into five clusters based on their
engagement level, captured through minute log data. All patients had a reduced score
on depression and anxiety scales, but those in the highest engagement class had the
highest decrease in depression and anxiety (191). Though the result from this study is in
line with what was observed for users of the NEVERMIND system, Torous et al. (190)
articulate limitations on how user engagement was defined and measured in the study
by Chien et al. (191) and in the NEVERMIND study.

Torous et al. highlight that measuring engagement as static instead of variation does not
capture the full depth and breadth of engagement (190). In the NEVERMIND study, users
were classified into active, passive, and non-active groups based on the number of days
users used the system, not accounting for fluctuations of use or patterns of use
throughout the study period. This type of classification leads to categorizing users who
log in briefly over many days with users who engage intensively but on fewer days. Lally
et al. found different results when looking at the total duration users spent on the
CaringGuidance program, a web-based psychoeducational distress self-management
program after breast cancer diagnosis (192). After analysing the usage data of 54 users,
Lally et al. found that neither the total duration nor the number of logins correlated with
reduced distress levels (192). Instead, the authors found that the number of unique
exercise views, representing the depth and content of the intervention, was significantly

associated with reduced psychosocial outcomes (192).
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7.3 Usability, acceptability, and satisfaction of the NEVERMIND
system

While the following section presents various comparative analyses with existing
systems, it is crucial to acknowledge that drawing a direct comparison is complex due
to the multifaceted nature of the NEVERMIND system. Unlike most DHTs that typically
focus on singular components, such as physical exercise or mindfulness, the
NEVERMIND system intricately weaves together multiple elements, thereby making it

challenging to establish a parallel with DHT studies that have a singular focus.

The NEVERMIND system demonstrated overall high usability, acceptability, and
satisfaction. In Study |, the system usability scale (SUS) score was 73.4, a score above
the scale average (68), and the user version of the mobile application rating scale
(UMARS) score was 3.8, also above the average (3.5). In a meta-analysis by Hyzy et al.
(139), the authors collected SUS scores of digital health apps published between 2011
and 2021, 10 years of representative samples of digital health apps. The mean SUS score
for physical activity apps was 83.28 (x12.39), while other apps scored 68.05 (+14.05).
Though this study by Hyzy et al. included all digital apps, irrespective of target group,
physical activity apps have been shown to have high SUS scores in cancer patients (193,
194). Though the SUS score the NEVERMIND system received is above average, there is
still room for improvement. The findings of Study IV also shed some insight into some of
the statements in the SUS. For example, users found the application lacking intuitiveness
and streamlined functionality, denoting a complex system or that the system’s content

quality was repetitive and lacked variety.

Similarly, the uMARS score, though above average, could be improved compared to
other apps used for patient-reported mental health outcomes (194, 195). Wright utilized
the MARS to evaluate two breast cancer mobile apps: Becca and OWise (195). While the
Becca app “provides specialist support to help live with, through and beyond breast
cancer’, Owise "gives personalised, safe and reliable and credible information as well as
practical support and guidance, in an easy-to-view place" (195). As an expert, Wright
applied the MARS to determine the various MARS scores (engagement, functionality,
aesthetics, and information score) and the mean score (195). Both the Becca and OWise
achieved a high mean score of 4.38 and 4.55, respectively (195), surpassing the mean
score of the NEVERMIND system, which was 3.8. However, the NEVERMIND system and
the Becca apps scored the lowest in the engagement domain. In a systematic review,
Amor-Garcia et al. reviewed 46 apps designed for cancer patients (196). Their findings
indicated that the majority (14) out of the 46 apps targeted patients with prostate
cancer (196). The average MARS score for all the apps was 2.98, with engagement being
the domain that scored the least (196). The engagement sub-domain of the MARS
evaluates an app’s entertainment, interest, customization, and interactivity (140, 197). In

Study IV, users cited the lack of personalization and dynamic interactivity, which aligned
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with the low engagement score (3.5) observed in the uMRAS evaluation of the
NEVERMIND system in Studly |.

A potential alternative strategy to enhance engagement is the incorporation of
gamification within the app. There have been successful implementations of gamified
mental health interventions for adolescents and young adults, such as the 'SPARX 3-D'
interactive game designed to treat depressive symptoms (198). A systematic review
and meta-analysis of 12 RCTs indicated that while gamified interventions might be
effective for depressive symptoms, they might not be as effective for anxiety, in youth
mental health (199). In parallel, there has been growing interest in incorporating gaming
elements to increase engagement across various age groups, physical ilinesses, and
demographics. Cheng and Ebrahimi conducted a meta-analysis review of 42 studies
involving 5,792 participants aged between 8-74 to determine the efficacy of gamified
interventions in mental health (200). They found a medium effect size in reducing
anxiety and depressive symptoms, particularly among males, in non-clinical samples, in
interventions lasting no longer than two months, and when focusing on specific

measures of anxiety (200).

The insights gained from these studies can inform modifications to the NEVERMIND
system, particularly in enhancing user engagement. By understanding the elements that
can contribute to higher SUS and uMARS scores and the benefits of gamification, there

is potential to improve the NEVERMIND system'’s user experience.

7.4 Gender-based disparities

While there was a reduction of depressive symptoms over time across participants,
females had higher levels of depressive symptoms than males- though this is
concurrently correlated with the cancer type. In Study lll, the statistical significance of
the "Female” fixed effect was evident (p<0.001), suggesting that, when other factors are
held constant, being a female was linked with higher BDI-Il and DASS-21 scores with a
moderate to large effect size at 12 weeks. This is reflected in the data showing that
female users scored 6.54 points more on the BDI-Il (B=6.54, 95% Cl 4.50 to 8.58,
p<0.001) and 6.77 points more on the DASS-21 stress (B=6.77, 95% Cl 4.56 to 8.98,
p<0.001) compared to their male counterparts.

This gender difference in the rates of depression has been reported in different studies
and different populations (201-204). The underlying reasons for these differences have
been ascribed to the higher risk of first onset (202), the interplay of biological (205,
206), hormonal (201), psychosocial (201), and interpersonal factors (206). In the
NEVERMIND system, females had higher depressive symptoms than males (B=6.54, 95%
Cl1 4.50 to 8.58, p<0.001) after using the system for 12 weeks. One theory is that studies
have consistently, over time, shown that women in high-income countries are more
likely than men to use DHTs (207) and have a higher health help-seeking behaviour than
men, including mental health services (208, 209). It might be the case that the
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NEVERMIND system added more benefits to men than to women since mental and
psychological support was lacking. In contrast, women might have already sought help

online and educated themselves.

Contrary to existing research, which indicates that women are more likely than men to
engage with practices and exercises aimed to reduce mental health symptoms, such as
stress and depression, and are also more likely to engage and interact with self-help
interactive programs (210), our findings from Study Ill present a different narrative. In
Study lll, when users are categorized into non-active, passive, or active groups, the
gender difference in depressive symptoms becomes statistically insignificant (B=-0.69;
95% Cl: -4.09 to 2.72, p=0.691). The insignificant result can be attributed to 45% of
women users (n=30/68) falling into the non-active group, in contrast to only 20% of
male users (8/40). This categorization mirrors the results from Study |, where men
showed a small, yet significant, higher usage index compared to women. This
engagement discrepancy underscores the importance of adherence and usage in
measuring usability, acceptability, and satisfaction (188). It also prompts the question of
why there exists a usage difference, even when women have rated the NEVERMIND
mobile app higher, on the user version of the mobile application rating scale (UMARS)

score, than men have.

Besides self-management systems being particularly helpful for males since they exhibit
lower help-seeking behaviour (208, 209), several theories can be laid out to explain
these contrasts. First, other unmeasured factors, such as expected usefulness,
motivation, digital literacy, and prior exposure to DHTs, can interact with gender. The
person-based approach, introduced by Yardley et al. (211) and drawing similarities to
self-determination theory (212), emphasizes the importance of understanding the end-
users’ perspectives by focusing on the user experience related to behaviour change
techniques. Yardley et al. argue for the implementation of a person-based approach
alongside the evaluation of usability, acceptability, and satisfaction in DHTs (211). They
highlight the integration of different factors, including psychosocial factors and
motivation, which correlate with behavioural change processes (211). Such integration is
essential to identify design features of digital tools that are particularly important within
specific contexts (211). In Study 1V, a difference emerged in how female and male users
valued the NEVERMIND system. Women users predominately valued the strong sense of
emotional support they felt from the app, while men emphasized the NEVERMIND
system'’s role in facilitating greater self-awareness and introspection. This divergence
might suggest the primary motivation and driving force behind using the NEVERMIND
system. It also suggests that the NEVERMIND system might be more equipped with
features promoting self-awareness and introspection (like the mindfulness module)

rather than continuously providing a sense of emotional support.

Another influencing factor in why female had low engagement might be the time and
commitment required. Feedback from Study IV consistently highlighted the challenges
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users faced in integrating the system into their daily routines. While this aspect wasn't
explicitly measured in our studies, it is possible that females, due to familial or caregiving
duties, might face some limitations in their engagement with the NEVERMIND system,

leading a majority to be categorized as non-active.

7.5 Influence of perceived usefulness and early engagement on long-
term use

In the context of the NEVERMIND intervention study, a focus on perceived usefulness
(PU) and early engagement (usage at two weeks) in predicting system use at 12 weeks
has demonstrated results that warrant consideration. In the data analysis for the
NEVERMIND system, it is evident that early engagement with the system and
perceptions of its usefulness play a pivotal role in predicting the sustainability of its use

at 12 weeks.

The Bayesian SEM identified two primary paths as predictors for the usage of the
NEVERMIND system at 12 weeks. Firstly, the path moving from perceived ease of use
(PEOU) at four weeks through PU at 12 weeks and ultimately impacting system usage at
12 weeks. Specifically, this path illustrates a progression where early PEOU directly
influences PU, which in turn significantly influences the use of the system at 12 weeks.
The standardized regression coefficients are § = .589 for PEOU at 12 weeks, predicted by
PEOU at four weeks; g =.581 for PU at 12 weeks, predicted by PEOU at 12 weeks; and 8 =
.384 for use at 12 weeks, predicted by PU at 12 weeks. The second path underlined the
correlation between system usage at two weeks and usage at 12 weeks, quantified with
a B of .239. This latter pathway underscores that early engagement with the NEVERMIND
system substantially influences the probability of its sustained use.

The link between PU and use has been extensively studied within the technology
acceptance model (TAM) (77, 213). This relationship has held up consistently across
various domains (213, 214), reaffirming the results of our study but also the centrality of
PU in influencing user’s decision to use DHTs. This critical link between PU and
subsequent use highlights the importance of orienting efforts toward a user-centric
design in DHTs. However, other factors have also been found to be associated with PU. In
a survey of 362 health professionals (nurses, physicians, physiotherapists, and
psychologists), Nissinen et al. analysed the relationships between demographic
variables and the usefulness and ease of use of telehealth services (215). Their findings
showed that the type of profession, work experience related to telehealth services, and
information and communication technology (ICT) skills were associated with how useful
participants found telehealth services. In contrast, only ICT skills were associated with
ease of use (215). In Study II, digital skills, or literacy, as well as the type of occupation of
user groups, should have been accounted for, hinting at the simplicity of the model that

was used.
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Ensuring that users immediately recognize the tools’ usefulness can establish a positive
trajectory for its adoption. Research on the efficacy of DHTs often yield mixed results,
with several assessments indicating minimal desired outcomes, potentially due to
participants not using DHTs as intended (216-218). The challenges with engagement with
DHTs need improvement (216).

In addition, predictors of engagement are context dependent. While some studies find
that females and those with higher education level have higher engagement (219), other
studies show that low education level (220), older age (221), and higher baseline mental
health symptoms (222) have greater engagement. Despite the inconsistent findings,
there is consensus that engagement is crucial for the success of DHTs. Enrique et al.
observed that those who experienced a reduced depression had the highest
engagement with an iCBT intervention for depression in the first four weeks, with the
difference in reduced depression coming from the usage during the first week (187). This
suggests that the initial engagement period offers an opportunity to increase DHTs'
efficacy (187). For example, strategic emphasis in the early intervention phases,
particularly in the initial two weeks, may involve education about the system’s benefits,
practical tutorials, and responsive support mechanisms. Strategies like gamification
(200), personalized introduction sessions, detailed user guides, or interactive tutorials
could boost initial engagement and positive perception (223). These might be
reinforced by sharing data about the system'’s benefits, thereby also actively shaping

the perceived usefulness of the tool.

7.6 Methodological considerations and limitations

A comprehensive approach was employed in the NEVERMIND trial's data collection and
assessments, leveraging diverse metrics and scales to explore various dimensions of the
participants’ mental health, usability, acceptability, satisfaction, and engagement with
the NEVERMIND system. The following considerations pertain to methodological

reflections and limitations based on the described methods.

7.6.1 Sample size

The sample size for the studies in this Ph.D. thesis was predefined based on the number
of available patient data in the NEVERMIND RCT. There was a high completion rate
(83.7%, 108/129) among participants initially allocated to the NEVERMIND system, and
the lack of significant baseline differences between dropouts and completers
strengthens the validity of our findings. Determining sample size for usability tests has
been investigated thoroughly (224, 225), and studies have identified that sample size
ranging from five users to 100 users was adequate to find usability problems, depending
on the number of usability problems one wants to identify, cost-benefit analyses, type

of usability testing used among other factors essential for the research aim (224-226).
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We conducted a post-hoc analysis in Study Il to determine if the sample size was
adequate to find a significant effect size for the linear mixed model we used (LMM). The
results showed that given the sample and effect size, the power was 96.3%. In Study I,
the sample size for the Bayesian SEM was adequate following the rule for 10

observations per estimated parameter (147).

7.6.2 Mental health and sociodemographic assessment

Employing well-established and widely recognized tools like the BDI-Il and DASS-21 to
measure depression and stress ensures methodological robustness due to their
substantial validation and reliability in diverse populations (227-230). However, the
stress scale of the DASS-21 was reported to be unsatisfactory regarding internal
consistency in one study (227). However, it is pivotal to acknowledge that self-reports
bear inherent limitations, primarily related to subjective bias and potential discrepancies
between reported and actual symptoms. Therefore, the correlations drawn between

mental health statuses and other variables might lack insight.

When assessing mental health symptoms in cancer patients, perceived stigma should
have been considered in conjunction. Perceived stigma refers to the subjective
experience of being stigmatized or discriminated against because of one’s illness.
Studies have shown that patients with advanced cancer exhibit a higher prevalence of
perceived stigma and self-blame, which are associated with lower well-being and
increased stress and depressive symptoms (231, 232). These insights suggest that
perceived stigma is an important factor to consider when evaluating the effectiveness,

usability, acceptability, and satisfaction of DHTs.

While the methodological approach for recoding sociodemographic variables like
education and employment status ensures cleaner analyses by consolidating
categories, the potential for nuanced disparities within these consolidated groups to
influence results should be acknowledged. For instance, the diverse experiences and
mental health impacts amongst the unemployed, retired, or those not working due to
unspecified health problems could be distinct, which may impose limitations on the
insights drawn about these populations in a consolidated manner. Similarly, combining
various levels of educational attainment into broad categories might obscure more
subtle, education-related, disparities in interactions with digital health tools. However,
due to the small sample size in each original category, categorization was deemed
appropriate.

Despite the lack of significant results between mental health symptoms and usage of
the NEVERMIND system at two weeks, incorporating mental health variables and
sociodemographic characteristics into the TAM as individual factors could potentially
address some of the criticism directed against the model regarding its 'simplicity’ (126).
This integration might facilitate a more holistic understanding of technology

acceptability and adoption by accounting for how different demographic groups
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interact with and perceive DHTs, thereby bridging the gap between generalized
technology acceptance theories and the specific, often complex, realities of diverse
user experiences and needs. Furthermore, recognizing mental health, not merely as an
outcome, but as an influencing factor within the TAM may explain how mental well-being
intersects with technology use and acceptance. Fuhr et al. found that older age and
higher depressive symptoms were associated with higher user engagement (222) and
further our stance in incorporating other variables into the TAM. Taking a leaf out of the
person-based approach introduced by Yardley et al. (211), the TAM needs to
incorporate, in addition, psychosocial factors (e.g, level of support a user has, and
intrinsic motivation) and potentially be specifically developed for each target population

after gaining a deep understanding of the target population’s attitudes and behaviours.

7.6.3 Usability, acceptability, satisfaction, and use assessment

The application of both the system usability scale (SUS) and the user version of the
mobile application rating scale (UMARS) offers a layered assessment of system usability,
providing insights into both the technical and user-experience facets of interacting with
the NEVERMIND system. While the SUS is the most widely used usability scale (106),
making it easy to compare one DHT to another, it poses some limitations. Within the ISO
definition, usability encompasses three constructs- effectiveness, efficiency, and
satisfaction (69). However, the SUS provides a single score, making it hard to evaluate
specific usability constructs as calculating scores for individual questions is not part of
the standard process. Broekhuis et al. acknowledge that the SUS might be too broad to
be used in eHealth or DHT context without first defining which usability aspect we are
measuring (233). Unlike the SUS, other questionnaires like the Poststudy System
Usability Questionnaire (PSSUQ) (107) clearly define the facts they measure, such as
information quality and interface quality (233). However, as user experiences with DHTs
are multifaceted and influenced by factors like tech proficiency and digital literacy,
achieving a fully representative usability assessment can be complex. In the NEVERMIND
study, digital literacy and tech proficiency were measured by asking if users were able
to send and receive emails on their mobile phones, a question not covering the
complexities and proficiency needed to navigate through the NEVERMIND system. The
potential of other unaccounted variables affecting usability warrants consideration,

ensuring that findings are contextualized adequately.

Acceptability and satisfaction assessments via perceived usefulness (PU), perceived
ease of use (PEOU), and quantitative and qualitative questions provide insights into the
lived experiences and perceptual contexts of participants. However, considering the
experiential subjectivity inherent to DHT use, it is pivotal to acknowledge that results
may not uniformly translate across varied populations or DHTs. For example, Valokivi et
al. examined the role and utilization of digital health services among the general
population in Italy, Finland, and Sweden (234). The trends in usage among the general

population varied across these countries (234). In Finland, 49% of older adults utilized
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eHealth services, compared to 33% in Sweden and 24% in Italy (234). The disparity
becomes even more pronounced when considering the percentage of older individuals
seeking health advice online, with 76.3% in Finland, 62.2% in Sweden, and 34.9% in Italy
(234). Given that users in our study were from Italy, generalizability might be
constrained, and application to other interventions or populations should be cautiously

considered.

The IS success model used in Study IV to interpret satisfaction served as a guiding
theory to position our findings within a theoretical framework. However, the emergence
of themes centred on usability and acceptability highlight the potential benefit of
integrating the IS success model with other models such as the technology acceptance
model (TAM) (77) or the Unified Theory of Acceptance and Use of Technology (UTAUT)
(235) to capture and understand user experience, given that satisfaction is a construct
found in both usability (70) and acceptability (75).

While calculating the use of the system based on days of interaction provides a
quantitative metric of engagement, it falls short of capturing the depth and pattern of
engagement, as described in section 7.2. The simplistic approach, not accounting for
duration and frequency of use, or looking at module completion, may overlook usage
patterns, thus providing a somewhat superficial depiction of system interaction (190). A
systematic review on adherence to e-therapies or technology-driven interventions in
digital health technologies (DHTs) sheds light on this issue (236). After reviewing 74
articles from 69 individual studies, the authors found that usage metrics such as logins,
self-reported activity completions, and time spent online were not significantly
associated with reducing depression and anxiety (236). Instead, it was module
completions and the number of program views that correlated with the outcome, a
result also mirrored in the CaringGuidance web-based program used to decrease
distress in newly diagnosed breast cancer patients (192). The challenge extends to
comparing findings across different studies due to variations in how they define and
quantify use, whether continuously or categorically, and in how the interventions in the
DHTs are designed to achieve an outcome (236). Therefore, the best method to
measure engagement is to first define what constitutes optimal use, followed by
identifying the aspects of use that are essential for the specific intervention and study,
and finally, acknowledging the aspects of user experience that are not captured by the
chosen method (190, 236). In this Ph.D. thesis, we adopted a methodology, in which
using the system multiple times per day, and using it just once, were both recorded as a
single instance. The approach was primarily driven by the limitations of the server-
provided data for both the shirt and the mobile app. However, our focus was on

capturing general usage patterns over time, rather than exploring detailed daily usage.

The categorization of usage into non-active, passive, and active users is reflective of the
findings by Donkin et al (237). The authors analysed 214 participants in an online CBT

program, with 94 participants (43.9%) reporting a significant reduction in depressive
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symptoms after using an iCBT program, as assessed by the Patient Health
Questionnaire-9 (PHQ-9) (237). They found that high uses benefited the most
compared to low users, whereas medium users derived minimal or no additional
benefits relative to low users (237). Following, Donkin et al. introduced the concept of a
dose-response plateau, suggesting that users might reach a threshold of engagement

beyond which no further benefits are obtained (237).

Within the NEVERMIND system, we observed a trend where active users experienced a
significant reduction in depressive symptoms compared to non-active users, yet no
significant difference was noted between passive and non-active users. In the context
of the NEVERMIND system, the ‘plateau’ appears to be reached by active users.
However, when evaluating stress, a different trend was observed: passive users
compared to non-active users had a statistically significant reduction in stress (B=-5.81;
95% Cl -9.27 to -2.35, p=0.001), and active users also had a significant reduction
compared to non-active users (B=-4.57; 95% Cl -7.71 to -1.44, p=0.001). The data on
stress indicates a marginal difference between active and passive users, thereby

suggesting that medium usage can yield benefits comparable to high usage.

Triangulating this quantitative finding with the qualitative finding in Study IV, patients
indicated that practices within the NEVERMIND system were repetitive and lacked
diversity. This feedback suggests that users might have reaped the benefits after a
certain level of engagement, aligning with the idea of a dose-response plateau as
theorized by Donkin et al (237). It would be beneficial to delve deeper into the
characteristics of passive and active users to understand what motivates consistent

use.

7.6.4 Use of quantitative and qualitative methods

In Studies | through Ill, quantitative methods were used. While Studies | and Il used
multiple regression analyses to examine the 'simpler' associations between different
variables and the usability, acceptability, and clinical effectiveness of the NEVERMIND
system, Study Il employed Bayesian SEM in a path analysis to underscore the
complexity of relationships between variables, such as user engagement patterns and
demographic characteristics. Ensuring that the model accurately reflects the
multifaceted nature of engagement with the NEVERMIND system while also thoughtfully
incorporating relevant prior knowledge is crucial for affirming the accuracy and

relevance of the model outputs.

The path analysis of the Bayesian SEM also had some limitations. The model constructed
was based on available user data, where other confounding and unaccounted variables
could have skewed the estimates found in Study Il. In addition, the model was not as
adept as explaining variance at two and four weeks. Thus, it is worth to explore other
variables that need to be added, such as digital literacy or examine relationships that

could be nonlinear, such as usage.
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Study IV emphasizes user satisfaction, involving quantitative and qualitative
methodologies to give a balanced perspective to the assessment. Employing a mixed-
methods approach in Study IV not only aligns with a comprehensive evaluation of
satisfaction but also integrates the TAM and IS success model by offering a mechanism
through which user feedback (qualitative) can be contrasted and compared with
system use and mental health outcome data (quantitative). The qualitative feedback
could inform refinements in understanding system quality and information quality of the
IS success model (79). An additional qualitative study to further examine usage could
have also helped to understand whether the decline in use was only due to factors such
as system-related factors or other external factors like changes in personal

circumstances or health conditions.

By comparing qualitative user feedback, such as interface design and personalization,
with quantitative mental health outcomes, the IS success model's components, such as
‘use’ and 'user satisfaction, can be evaluated in relation to ‘net benefits' to understand if
and how usage translates into net benefits in mental health well-being. Concurrently,
qualitative insights can lend texture to understanding user perceptions around
perceived ease of use (PEOU) and perceived usefulness (PU) from TAM, ensuring that

user experience is incorporated in understanding DHTs.

7.7 Conclusions

Digital health tools (DHTs) can enhance patient-provider communication, fostering a
collaborative approach to care. While some studies demonstrate the potential benefits
of such tools, others highlight the challenges and limitations that need to be addressed

before fully deploying them.

This Ph.D. project assessed the usability, acceptability, and satisfaction of the
NEVERMIND system in patients with breast and prostate cancer. The findings indicate
overall good usability, acceptability, and satisfaction while underpinning some areas of

improvement.

This Ph.D. thesis underscores the importance of assessing usability, acceptability,
satisfaction, and overall use while designing DHTs in addressing mental health challenges
for patients with breast and prostate cancer, and possibly other somatic diseases.
These aspects are essential as they extend beyond merely evaluating the effectiveness
in an experimental setting. Even an effective tool could lose a lot of its potential if

patients do not find it usable or acceptable.

The implication for research and clinical practice is also essential. Integrating DHTs into
survivorship care plans offers tailored interventions, real-time monitoring, and timely
support, making them an essential tool in improving the quality of life for cancer patients
and survivors. There is a need to design, develop, test, and implement DHTs that

specifically meet the needs of this population. Collaborative efforts between
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oncologists, mental health professionals, digital health professionals, user experience
designers, and system developers will be crucial in shaping the future of engaging,

useful, easy-to-use DHTs.

7.8 Future Directions

Given the ageing population, it is estimated that there will be 28 million new cancer
cases worldwide by 2040 (238). As early screening increases along with improved
treatments, the survivorship of individuals with cancer will also increase. In the US, 74%
(19.2 million) of cancer survivors in 2040 will be aged 65 or older (239), and the most
common cancer will be breast cancer (240). In Europe, the number of new cases of
cancer is expected to reach 3.4 million by 2040 (241) where the current 20 million
cancer survivors (242) is expected to increase. As the number of survivors grows,
addressing the holistic well-being, including mental health, of these individuals becomes
a priority (26, 27), and DHTs are emerging as promising solutions to address these

concerns.

The results from the NEVERMIND system, both in terms of usability, acceptability, and
satisfaction and its impact on mental health, have set the stage for a paradigm shift in
how we can approach mental health support for cancer survivors using DHTs. Given the
anticipated increase in cancer survivors in the coming years, there should be a focus on
how to fine-tune DHTs, such as the NEVERMIND system.

The studies presented in this Ph.D. thesis have highlighted several areas for
improvement and potential modifications to enhance the NEVERMIND system in future

research:

1. User-centric design and customization: Feedback from users emphasizes the need
for greater personalization and dynamic interactivity. The system'’s future iterations
could benefit from an adaptive algorithm that not only curates content based on user
preferences and capabilities but also their engagement patterns. The integration of

additional machine learning models could make this adaptation more effective.

2. Enhancing engagement through gamification: Gamification, as discussed, has
proven to be an effective strategy in increasing engagement in DHTSs, especially in those
targeting depressive symptoms. Incorporating game elements, challenges, and rewards

can make the user experience more engaging, increasing adherence and continuous use.

3. Developing and validating a comprehensive engagement measurement
framework: A comprehensive engagement measurement framework can help
understand user interactions within the NEVERMIND system and similar DHTs. This
framework could go beyond counting days of interaction to analysing the depth and
quality of engagement on a module-specific level. By blending quantitative methods
with user feedback, this approach could provide more insights into user engagement

and help compare different studies.
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4. Addressing gender disparities: The observed gender differences in engagement and
outcomes warrant a more in-depth exploration. The NEVERMIND system could benefit
from gender-specific modules, developed through focus groups, to incorporate diverse

experiences and needs from both male and female users.

5. Transitioning from a shirt to a smartwatch: Feedback from users highlights the need
for improvement in the wearable component of the NEVERMIND system. Users have
mentioned the challenges associated with the shirt (e.g, difficulty sleeping with the shirt
and lengthy procedures in setting it up). In future iterations, the NEVERMIND system
should consider transitioning to a smartwatch, allowing for constant physiological

monitoring with potentially minimal inconvenience for users.

6. Scalability and expanding accessibility: While the usability, acceptability,

satisfaction, and clinical effectiveness of the NEVERMIND system were evaluated in two
centres in ltaly, efforts should be directed towards assessing the usability, acceptability,
and satisfaction in diverse populations, including individuals with varying levels of digital

literacy.

Digital health technologies, like the NEVERMIND system, offer a promising solution.
However, their design and deployment should be grounded in research with appropriate

methodologies, user feedback, and a deep understanding of user experience.
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